This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


Chein  kl,%m 


1^dL. 


Hl-'^^ 


^as^^ 


Digitized  by  LjOOQIC 


40(\1^ 


Digitized  by  VjQOQ IC 


Digitized  by  VjOOQ IC 


r. 


'mk 


I  ;f  k^wY  -T.  LX^' 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


ELEMENTS   OF   CHEMISTRY 

THEORETICAL  AND  PRACTICAL. 


Digitized  by  VjOOQIC 


1 


Digitized  by  VjOOQ IC 


i 


ELEMENTS  OF  CHEMISTRY: 


THEORETICAL  AND  PRACTICAL. 


BY 

WILLIAM  ALLEN  MILLER,  M.D.,  D.C.L,  LLD. 

RBVTSBD  AND  IN   6RIAT  PART  REWRITTEN  BT 

HENRY    E.   ARMSTRONG,  Ph.D.,   F.R.S.,  Sec.  Chem.  Soc. 

AND 

CHARLES   E.   GROVES,  P.C.S.,  Sec.  Ikst.  Ciiem. 


PART  III. 

CHEMISTRY  OF  CARBON  COMPOUNDS, 


I  ORGANIC   CHEMISTRI. 

SECTION  I. 

HYDROCARBONS,  ALCOHOLS,   ETHERS,   ALDEHYDES 
AND   PARAFFINOID  ACIDS. 


FIFTH    EDITION. 

C 
LONDON: 

LONGMANS,   GREEN   AND   CO. 

1880. 

Digitized  by  VjOOQ IC 


(ViAR  8  1884 


BALLANTVNB  AND   HANSON,   EDINBURGH 
CHAN DOS   STREET,  LONDON 


Digitized  by  VjOOQ IC 


PREFACE. 


A  COMPARISON  of  this  edition  with  the  previous  one^  published  in 
1869^  will  render  it  evident  that  the  present  volume  is  practically 
a  New  Treatise^  more  than  four-fifths  of  the  whole  having  been 
rewritten.  The  rapid  development  of  that  branch  of  chemical 
science  which  comprises  the  carbon  compounds  rendered  a 
change  necessary  in  the  system  of  classification  employed  by 
the  late  Professor  Miller,  and  the  adoption  of  one  based  on 
the  analogy  in  chemical  constitution  and  properties  of  com- 
pounds ratlier  than  on  the  source  firom  which  they  happen  to 
be  obtained.  At  first  an  attempt  was  made  simply  to  re- 
arrange and  enlarge  the  work,  so  as  to  include  the  more 
important  discoveries  made  since  the  issue  of  the  last  edition, 
but  this  had  soon  to  be  abandoned  as  impracticable.  It  there- 
fore became  necessary  to  rewrite  the  Treatise,  incorporating 
those  portions  of  the  original  which  might  be  available  for  the 
purpose.  The  slight  unevenness  in  the  character  of  the  work, 
which  will  be  apparent  on  comparison  of  the  first  few  chapters 
with  the  later  ones,  is  chiefly  due  to  this  cause. 

In  this  volume,  the  cyanides,  the  hydrocarbons  and  their 
haloid,  nitro-  and  cyauo-derivatives,  the  alcohols  and  thio- 
slcohols,  the  ethers,  aldehydes,  ketones,  the  quinones,  and  com- 
pounds more  or  less  closely  allied  to  one  or  other  of  these  great 
groups — such  as  the  carbohydrates  and  glucosides — ^are  fully 
diacussed.  Only  one  section  of  the  acids  are  described — namely, 
those  belonging,  for  the  most  part,  to  what  may  conveniently  be 
termed  the  paraffinoid  (so-called  fatty)  group.  The  acids  of  the 
benzenoid  (so-called  aromatic)  group,  the  nitrogen  compounds  of 
basic  character,  and  the  organo-metallic  compounds,  will  form  the 
chief  subjects  of  a  second  volume,  which  will  shortly  be  published. 

It  is  hoped  that  the  work  will  not  only  be  found  to  contain  a 
{airly  complete  account  of  the  present  state  of  knowledge  of  the 
groups  above  mentioned,  but  more  especially  that  it  will  be  of 
anistance  to  the  advanced  student,  not  merely  in  enabling  him 
to  acquire  facts,  but  as  a  guide,  both  to  the  methods  of  inquiry 
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which  are  of  service  in  this  branch  of  chemistry^  and  to  the 
principles  on  which  the  theoretical  deductions  are  based.  As  a 
rule^  instead  of  simple  dogmatic  statements^  the  objections 
against  any  particular  view  are  given,  as  well  as  the  arguments 
in  favour  of  it. 

References  to  the  original  sources  of  information  are  freely 
introduced.  In  many  cases,  when  only  a  single  authority  is 
quoted,  it  will  be  found  on  consulting  the  paper  quoted  that  it 
contains  a  full  account  of,  or  reference  to,  the  labours  of  other 
investigators.  When  the  name  of  an  author  alone  is  appended 
to  a  particular  statement,  the  paper  in  which  the  information  is 
conveyed  will  in  most  cases  be  discovered  without  difficulty  by 
consulting  the  Index  to  Liebig'a  Annalen,  the  Jahresbericht, 
the  Berichte,  or  the  Chemical  Society's  Abstracts.  The  Index, 
also,  has  been  made  as  full  and  complete  as  possible.  Several 
friends  whose  names  are  mentioned  in  the  text  have  favoured  us 
with  important  information,  for  which  we  desire  here  to  record 
our  warmest  thanks. 

It  is  evident  that  in  a  work  of  this  size  there  mxxst  be  many 
omissions,  and  the  conclusions  arrived  at  are  in  some  cases  more 
or  less  open  to  question ;  but  it  could  scarcely  be  otherwise,  on 
account  of  the  very  great  extent  of  the  literature  to  be  discussed, 
and  the  difficulty  consequent  on  this  of  properly  taking  into 
consideration,  and  fairly  weighting,  all  the  Icnown  statements  of 
results.  It  must  also  not  be  forgotten  that  no  comprehensive 
work  on  the  subject  has  appeared  since  the  publication  of 
Kekule's  ever-memorable  Lehrbtich,  and  therefore  that  the  com- 
pilation of  an  extended  treatise  like  the  present  is  attended  by 
many  difficulties.  We  trust,  however,  that  a  solid  foundation  has 
been  laid,  and  that  the  chief  features  of  the  modern  chemistry 
of  carbon  compounds  are  truthfully  pictured. 

Notwithstanding  the  extraordinary  increase  in  the  number  of 
the  carbon  compounds,  their  study  is  gradually  becoming  simpli- 
fied as  the  possibility  is  extended  of  arranging  them  in  series, 
and  of  giving  a  general  description  of  their  chief  properties 
applicable  to  all  the  members  of  the  group.  For  example,  the 
principal  laws  which,  in  all  probability,  govern  the  formation  of 
many  hundred  substitution  derivatives  of  benzene  may  now  be 
expressed  in  a  few  lines.  We  are  not  without  hope  that  this 
volume  may  be  of  service  in  aiding  the  progress  of  our  science, 
for  at  every  step  in  the  attempt  to  generalize  difficulties  arise 
owing  to  the  imperfection  of  our  records :  important  terms  in  a 
series  of  compounds  are  unknown,  or  the  properties  of  members 
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of  the  aeries  are  very  imperfectly  determined^  or  are  obviously 
inaccurately  stated;  and  consequently  we  are  unable  to  draw 
conclusions  with  any  confidence  as  to  the  behaviour  of  the  series 
as  a  whole.  Evidence  of  this  will  be  found  on  page  aft^r  page 
of  the  present  volume,  clearly  showing  that  at  no  time  more 
than  the  present  was  greater  opportunity  afforded  for  useful 
research,  much  o(  the  work  to  be  accomplished  being  of  a  kind 
well  within  the  powers  of  an  intelligent,  but  comparatively 
inexperienced  student.  It  has  been  somewhat  the  fashion  W 
late  to  decry  the  attention  which  is  being  paid  to  the  investiga- 
tion of  carbon  compounds,  but  this  undoubtedly  arises  from  an 
imperfect  appreciation  of  the  methods  and  objects  of  thiB  depart- 
ment of  chemistry.  For  a  long  time,  the  investigation  of  com- 
pounds other  than  those  which  contain  carbon  was  carried  on  in 
the  most  desultory  and  unsatisfactory  manner  without  any  definite 
aim  or  object;  now  that  the  study  of  the  carbon  compounds 
has  led  chemists  to  the  discovery  of  a  series  of  beautifully  simple 
relationships  subsisting  between  them,  the  hecessity  of  investi- 
gating the  relationship  between  the  remaining  elements  and  their 
compounds  is  for  the  first  time  fully  recognized.  Mendeljeff's 
so-caUed  periodic  law  may  be  regarded  simply  as  an  extension  of 
the  laws  which  govern  the  carbon  compounds  to  the  elements 
generally. 

At  the  present  time,  what  is  most  required  is  the  accurate  and 
complete  examination  of  individual  carbon  compounds,  for  chemists 
have  hitherto  too  often  been  satisfied  if  they  simply  prepared  a 
given  substance,  analyzed  it,  and  described  a  few  of  its  reactions ; 
a  compound  is  seldom  obtained  in  quantity  suflScient  to  admit  o{ 
its  complete  purification  and  the  subsequent  determination  of  its 
physical  constants.  These  constants  can  be  most  advantageously 
determined  by  those  who  have  the  necessary  apparatus  at  their 
command,  and  above  all,  special  experience  in  such  matters ;  and 
if  each  chemical  school  would  make  the  preparation  by  its 
students  of  certain  substances  in  a  state  of  purity  a  part  of  the 
ordinary  course  of  study,  and 'would  give  notice  that  these  parti- 
cular compounds  were  at  the  disposal  of  experts  for  the  determi- 
nation of  physical  constants,  much  would  be  done  to  facilitate 
the  study  of  a  comparatively  neglected  branch  of  science.  We 
have  now  reached  a  stage  at  which  it  is  fully  recognized  that 
there  is  no  definite  limit  between  the  physical  and  chemical  pro- 
perties of  compound,  and  it  is  obvious  that  without  a  complete 
knowledge  of  both  no  material  progress  can  be  made. 

Almost  at  the  dose  of  the  volume  we  have  briefly  discussed  the 
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insufficiency  of  the  present  theory  of  isomerism,  and  have  given  a 
sketch  of  the  Van't  Hoflf-Le  Bel  hypothesis,  which  is,  we  believe, 
worthy  of  the  most  careful  consideration;  for  although  it  does  no^ 
appear  'to  meet  all  the  difficulties,  and  may  therefore  eventually 
have  to  be  modified  or  abandoned  for  a  more  comprehensive  theory, 
its  application  to  the  study  of  isomerism  in  carbon  compounds 
is  certain  to  lead  to  discoveries  of  importance. 

Finally,  we  would  express  the  wish  that  our  readers  will  have 
the  kindness  to  point  out  any  mistakes  that  they  may  notice,  and 
we  shall  also  gladly  welcome  any  suggestions  or  information.  It 
is  requested  that  communications  on  these  points  be  addressed  to 
Dr.  Armstrong. 

Henby  E.  Armstrong. 
Charles  E.   Groves. 
June,  1880. 
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CHAPTER  L 

§  I.  Introductory; — §  11.  Analysis  of  Carbon  Compounds; — 
§  III.  Molecular  Formuhe. 

(1025)  Organic  Chbmistey^  in  its  primary  signification, 
treated  of  the  chemistry  of  organized  beings,  and  of  the  pro- 
ducts of  their  chemical  actions  upon  matter  in  its  various  forms, 
it  being  supposed  until  the  year  1828  that  the  interposition  of 
the  so-called  vital  force  was  essential  to  their  formation.  At 
that  time,  however,  the  celebrated  German  chemist,  Wohler, 
showed  that  urea,  which  occurs  in  the  urine  of  man  and  animals, 
could  be  artificially  prepared.  Since  then  a  number  of  carbon 
compounds  have  been  produced  which  had  previously  been  known 
only  as  derived  from  animal  or  vegetable  substances ;  amongst 
others,  well  known  substances  such  as  alcohol,  tartaric  acid, 
glycerin,  and  indigo,  also  alizarin — the  colouring  matter  of 
madder,  gallic  acid — ^found  in  gall  nuts,  and  coumarin  the 
odoriferous  principle  of  the  Tonka  bean.  There  is  but  little 
doubt,  as  new  methods  are  discovered,  and  our  knowledge  of  the 
carbon  compounds  increases,  that  we  may  eventually  be  able  to 
produce  synthetically  even  the  most  complex. 

Organic  chemistry,  therefore,  in  its  present  signification  is  the 
chemistry  of  carbon  compounds ;  the  chemistry  of  the  remaining 
elements,  and  the  compounds  they  form  with  one  another,  con- 
stituting the  so-called  inorganic  chemistry.  It  is  important 
therefore  to  bear  in  mind  the  distinction  between  organic  com- 
pounds and  organized  bodies. 

Organic  compounds  possess  a  definite  composition,  and  in  many 
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eases  exhibit  a  crystalline  structure,  such  as  may  be  observed  ia 
sugar,  oxalic  acid,  urea,  taurin,  and  quinine. 

On  the  other  hand,  organized  bodies,  such  as  muscular  tissue^ 
nerve  structure,  cellulin,  and  ligneous  fibre,  never  exhibit  any 
tendency  to  a  crystalline  arrangement,  but  show  a  rounded,  vesi- 
cular, or  fibrous  configuration ;  and  are  so  connected  with  each 
other  as  to  form  parts  of  a  system,  each  of  which  is  incomplete 
if  severed  from  the  remainder.  Their  composition,  however,  is 
not  invariable,  and  there  can  be  no  doubt  that  they  are  mixtures 
of  several  compounds,  and  consequently  not  perfectly  homogeneous. 
It  should  be  remembered  that  the  power  of  the  chemist  is  con- 
fined to  the  preparation  of  definite  chemical  compounds  and  the 
investigation  of  their  properties,  for  organized  bodies  have  not 
hitherto  been  prepared  artificially :  they,  are  the  result  of  the 
action  of  living  bodies  upon  inanimate  matter,  every  living 
body  having  the  power  of  assimilatiog  &esh  matter  from 
without,  and  of  arranging  its  particles  in  the  special  fqrm  which 
characterizes  the  class  to  which  the  individual  organism  belongs. 

The  study  of  the  chemical  changes  that  occur  in  living  bodies 
constitutes  physiological  chemistry,  one  of  the  most  diflScult  and 
least  investigated  branches  of  the  science.  The  difSculty  depends, 
in  a  great  measure,  on  the  extreme  delicacy  of  the  arrangements 
by  which  the  various  changes  are  effected,  and  upon  their  com- 
plicated nature  which  renders  them  liable  to  injury  from  a  mul- 
tiplicity of  causes  that  have  hitherto  eluded  scrutiny.  Important 
changes  may  in  consequence  often  be  effected  in  the  organism 
itself  without  being  appreciable  except  in  their  results,  even 
when  they  extend  so  far  as  to  occasion  death.  We  can  proceed 
to  investigate  the  effect  produced  by  the  tying  of  a  large  artery  or 
the  division  of  a  nerve ;  but  when  an  animal  is  poisoned  by  a  few 
milligrammes  of  aconitine  or  by  a  few  drops  of  a  solution  of  hydro- 
cyanic acid,  there  is  scarcely  anything  to  indicate  to  the  anatomist, 
to  the  microscopic  observer,  or  to  the  chemist,  the  mode  in  which 
these  bodies  operate  in  suddenly  cutting  short  the  life  of  the  animal. 
The  organization  still  appears  to  be  perfect,  yet  the  once  living 
mechanism  no  longer  continues  to  peiform  its  wonted  functions. 
In  the  living  body  compounds  are  produced,  many  of  which,  when 
released  from  the  influences  under  which  they  originated,  quickly 
undergo  fresh  changes  ;  these  are  generally  manifested  by  the  oc- 
currence of  the  putrefaction  and  decay  to  which  both  animal  and 
vegetable  tissues  are  liable  when  they  no  longer  form  a  part  of  the 
living  organism.  A  continuous  renewal  of  their  constituents  is 
one  of  the  distinguishing  and  essential  characteristics  of  living 
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bodies^  so  that  when  the  plant  or  the  animal  is  performing  its  func- 
tions in  a  healthy  manner,  a  series  of  changes  succeed  each  other 
in  a  regular  order ;  but  if  this  sequence  be  modified^  even  in  a 
slight  degree,  disease  frequently  ensues,  and  when  the  change  is 
extensive,  death  is  the  speedy  and  inevitable  consequence. 

The  attention  devoted  to  physiological  chemistry  of  late  years 
has  led  to  most  important  results,  and  there  is  no  doubt  that 
more  extended  investigation  will  enable  us  to  ascertain  the  nature 
of  many  of  the  chemical  phenomena  to  which  animal  and  plant 
Ufe  give  rise.  In  the  present  work  the  attention  of  the  reader 
will  be  only  incidentally  directed  to  the  physiological  portion  of 
the  subject,  the  main  object  being  to  exhibit  the  mutual  relations 
which  the  various  chemical  compounds  bear  to  each  other,  and  to 
trace  the  laws  of  their  formation. 

§  II.  Analysis  of  Cabbon  Compounds, 

(1026)  The  greater  number  of  organic  compounds  are^  com- 
posed of  a  small  number  of  elements,  yet  they  present  properties 
as  much  opposed  to  each  other  as  it  is  possible  to  imagine  :  some 
of  these  products  constitute  the  daily  food  of  man,  others  act  as 
direct  and  violent  poisons. 

A  large  and  very  important  class  of  carbon  compounds, 
including  many  essential  oils  and  such  substances  as  naph- 
thalene, benzene,  and  parafSn,  consist  of  carbon  and  hydrogen 
only;  the  greater  number  of  organic  bodies,  however,  derived 
from  the  vegetable  kingdom,  contain  carbon,  hydrogen,  and 
oxygen,'  like  sugar,  acetic  acid,  and  alcohol;  others  contain 
nitrogen  in'  addition  to  these  elements,  and  in  some  few 
sulphur  occurs.  The  majority  of  the  organic  compounds  obtained 
from  the  animal  kingdom  consist  of  carbon,  hydrogen,  oxygen, 
and  nitrogen,  whilst  a  few  also  contain  sulphur  and  phosphorus. 
Organic  compounds  have  been  artificially  prepared  containing 
not  only  the  elements  just  enumerated,  but  chlorine,  bromine, 
iodine,  fluorine,  silicon,  boron,  and  the  metals. 

Although  the  number  of  difi^erent  elements  associated  with 
carbon  in  organic  substances  is  usually  small,  they  may  possess 
any  degree  of  complexity  from  hydrocyanic  acid,  HCN,  contain- 
ing only  three  atoms  in  the  molecule,  to  the  complex  substance 
stearin,  Cj^HjujOg,  with  its  173  atoms,  or  the  still  more  complex 
compound  albumin,  the  molecule  of  which  (CyjHj^gN^gSOjjjj)  con- 
tains not  less  than  225  atoms,  and  perhaps  even  more. 

(1027)  Proximate  Analysis. — It  is  necessary  in  the  exami- 
nation of  any  organic  substance  to  ascertain  its  composition,  or  ' 
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in  other  words,  to  analyse  it.  As,  however,  it  may  happen  that 
it  is  not  a  definite  compound,  but  a  mixture  of  two  or  more,  the 
problem  then  presented  to  the  chemist  is  to  separate  the  proxi- 
mate components  from  each  other.  The  analysis  of  organic 
substances  may  therefore  be  conveniently  considered  under 
proximate  analysis,  as  in  the  separation  of  wheat  flour  into  starch, 
sugar,  gluten, ligneous  fibre,  and  oily  matter ;  and  ultimate  analysis, 
or  the  determination  of  the  proportions  in  which  the  carbon, 
hydrogen,  and  oxygen  are  united  in  the  starch,  sugar,  or  gluten. 
The  proximate  analysis  of  an  organic  substance  is  often  a 
matter  of  considerable  diflBculty,  so  that  no  general  rule  can  be 
laid  down  for  the  separation?  or  extraction  of  the  diflferent 
principles,  each  class  of  substances  requiring  special  treatment, 
which  experience  alone  can  indicate. 


Fig.  377. 


In  all  cases  of  proximate 
analysis,  the  employment  of  the 
microscope  will  aflbrd  valuable 
aid  whilst  watching  the  pro- 
gress of  the  separation,  and  in 
enabling  the  operator  to  as- 
certain whether  or  not  the  sub- 
stances which  he  has  isolated 
are  mixed  with  other  bodies. 
When  the  substance  is  crystal- 
line, such  an  examination,  by 
showing  whether  one  or  more 
forms  of  crystal  are  present,  is 
often  more  valuable  for  ascer- 
taining the  purity  of  the  body 
than  the  use  of  chemical  re- 
agents. 

(1028)  Separation  by  Sol- 
vents.— The  process  generally 
followed  in  the  first  instance  is 
to  subject  the  dry  pulverised 
material  to  the  action  of  several 
solvents  in  succession,  such  as 
ether,  alcohol,  and  water. 

A  convenient  apparatus  for  the  di- 
gestion of  the  substances  for  analysis 
in  these  menstrua,  is  shown  in  fig. 
377  : — A  is  a  glass  flask  containing 
the  liquid  solvent,  which  can  be  kept 
in  steady  ebullition^ by  means  of  the 
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krop  beneath,  b  is  a  tube  of  glass  or  of  tin-plate,  in  the  contracted  portion  of 
which  is  a  plug  of  cotton  wool,  c ;  in  this  tube  the  substance  is  to  be  placed  ; 
^,  is  a  short  lateral  tube  to  which  the  tube,  e,  of  glass  or  metal,  is  attached  by 
india-rubber  tubing.  The  tube  e  should  be  kept  warm  by  enveloping  it  in 
fiannel,  with  a  view  to  prevent  the  premature  condensation  of  the  vapour  as  it 
rises  from  the  flask,  ic  is  a  tin-plate  condenser,  which  can  be  filled  with 
water;  A  is  a  funnel  for  conveying  cold  water  to  the  bottom  of  this  vesnel, 
whikt  the  hot  water  flows  off  at  the  spout  above.  A  tube,  ff,  open  at  both  ends, 
passes  through  the  axis  of  M ;  the  lower  projecting  extremity  of  this  tube  is 
fitted  by  a  cork  to  the  tube  B.  /is  a  worm  tube,  the  upper  extremity  of  which 
passes  through  the  side  of  the  refrigerator,  and  is  adapted  by  a  cork  to  the 
tube  e,  whilst  its  lower  extremity  is  soldered  to  the  tube  ff,  into  which  its 
eootents  flow  afler  they  have  been  condensed  in  their  passage  through  the  refri- 
gerator. It  is  obvious  that  by  this  arrangement  a  perpetual  distillation  of  the 
hqaid  in  the  flask  a  may  be  readily  maintained ;  the  vapour  which  passes  through 
the  tube  e  becomes  condensed  in  the  spiral  tubej^  and  percolates,  in  the  liquid 
fonn,  through  the  material  contained  in  B,  carrying  the  soluble  matters  into  the 
flask  A,  where  they  gradually  accumulate.  If  the  employment  of  metal  \m  in 
SOY  case  objectionable,  glass  vessels  may  be  used. 

A  great  variety  of  solvents  are  now  employed  for  the  sepa- 
ration and  purification  of  carbon   compounds^  so  that  a  slight 
sketch  of  their  most  salient  properties  may  be  useful.     Ether  is 
especially   valuable   from  its   low   boiling   point,   and  from   its 
having  no  chemical  action  on  most  organic  compounds ;  so  that 
on  distilling  off  the  ether  the  dissolved  substance  is  easily  reco- 
vered without  having  undergone  any  sensible  decomposition.     In 
addition  to  this^  it  has   the  advantage  of  dissolving  a  very  large 
number  of  substances  which  are  comparer*  ively  insoluble  in  other 
hqnids.      Alcohol  is  also  largely  used,  and  may  be  advantageously 
employed  for  dissolving  such  substances  as  the  alkaloids  ;  but,  as 
a  rule,  it  should  be  avoided,  if  possible,  for  halogen  substitution 
compounds,  as  it   is  very  liable  to  react  with  them,  and  cause 
their  decomposition,  or  at  least  partially.      Water  dissolves  sugar, 
gnm,  starch,  and  other  highly  oxidized  bodies  which  are  nearly 
insoluble  in  ether  or  alcohol,  also  many  salts,  both  of  organic 
acids  and  bases.     Benzene  is  a  very  useful  solvent,  especially  for 
chlorine,  bromine,  and  iodine  substitution   compounds,  but  for 
this  purpose  it  should  be  purified  by  digestion  with  concentrated 
sulphuric   acid.       This    removes    certain    hydrocarbons    which 
usually    accompany    it  in    coal    oil,    and    which    would    other- 
wise decompose  the  dissolved  substance.     A  peculiar  characte- 
ristic of  benzene  in  which  it  differs  greatly  from  alcohol  and  ether 
is  that  almost  all  amorphous  substances  are  insoluble  in  it.     The 
homologues    of  benzene    found    in    coal    oil,  such    as  toluene, 
xylene,  &c.,  are  also   occasionally  useful  when  a  solvent   of  a 
somewhat  higher  boiling  point  is  required.     Organic  compound^ 
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generally  are  mueli  less  soluble  in  carbonic  bisulphide,  carbonic 
tetrachloride  and  chloroform  than  in  benzene,  and  consequently 
their  use  is  somewhat  restricted.  Glacial  acetic  acid  possesses 
valuable  solvent  properties,  and  the  fact  that  it  dissolves 
chromic  anhydride  and  nitric  acid,  whilst  it  is  not  attacked  by 
them,  renders  it  exceedingly  useful  in  moderating  their  action 
on  carbon  compounds.  Light  petroleum  oil,  consisting  principally 
of  the  lower  boiling-point  paraffins,  is  also  useful,  usually  for  the 
crystallization  of  substances  which  are  exceedingly  soluble  in 
ether,  benzene,  and  carbonic  bisulphide ;  its  solvent  powers  are 
not  great.  Nitrobenzene,  aniline,  and  oil  of  turpentine  are  ,  also 
occasionally  used.  In  particular  cases  dilute  acids,  and  in  others 
dilute  alkalies  may  be  employed,  but  they  must  be  used  with 
caution,  as  they  are  liable  to  act  not  merely  as  solvents,  but 
also  to  produce  chemical  changes  in  the  compounds  submitted 
to  their  action. 

(1029)  Fractional  Crystallization  and  Fractional  Solution, — 
It  frequently  happens  that  two  or  more  crystalline  substances 
occur  together,  which  possess  different  degrees  of  solubility  in  the 
same  menstruum ;  in  such  a  case  they  may  often  be  separated  by 
fractional  crystallization,  care  being  taken  to  collect  the  crystals  as 
soon  as  a  portion  of  the  compound  has  been  deposited,  and  keep- 
ing them  separate  from  those  which  are  formed  subsequently  ; 
by  repeating  this  process  on  the  first  portions,  the  less  soluble 
compound  may  be  obtained  in  a  state  of  purity. 

In  some  cases,  where  a  mixture  of  two  solids  of  very  unequal  solubility  in 
the  same  menstniam  is  operated  on,  fractional  solution  may  be  employed.  In 
this  case,  by  using  successive  small  portions  of  the  solvent,  the  more  soluble  in- 
gredient may  be  gradually  removed,  leaving  undissolved  the  less  soluble  ingre- 
dient in  a  nearly  pure  state. 

(1030)  Fractional  Precipitation  and  Fractional  Saturation. — 
In  other  cases.,  if  the  difierent  compounds  yield  precipitates  with 
the  same  reagent,  a  separation  by  fractional  precipitation  may  be 
effected  by  adding  a  quantity  of  the  precipitant  insufficient  to 
throw  down,  for  example,  more  than  one-half  of  the  amount  of 
the  substances  that  may  be  present.  The  salts  of  silver  or  of 
lead  may  thus  be  employed  for  separating  certain  organic  acids, 
particularly  the  fatty  or  the  resinous  acids,  or  others  which  like 
them  greatly  resemble  each  other  in  properties.  The  precipitate 
must  then  be  suspended  in  water,  and  decomposed  by  means  of 
sulphuretted  hydrogen,  or  of  a  dilute  mineral  acid,  in  order  to 
separate  the  metal  and  liberate  the  organic  acid,  which  is  again 
submitted  to  a  similar  partial  precipitation.     Th^s  process  must 
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be   repeated  until  the  fusing  point  becomes  constant^  or  some 
other  guarantee  of  the  purity  of  the  body  is  obtained. 

A  method^  which  may  be  termed  fractional  saturation,  was 
applied  by  Liebig  to  the  separation  of  certain  volatile  acids  from 
each  other.  This  process  consists  in  partially  saturating  the  acid 
with  potassic  or  sodic  hydrate^  and  then  distilling ;  the  more 
volatile  acid  passing  over  with  the  distillate.  Suppose  that  it  be 
desired  to  effect  the  separation  of  butyric  fix)m  valeric  acid  by 
this  means  : — a  certain  amount  of  potassic  hydrate  is  added^  and 
if  this  be  more  than  sufficient  to  saturate  the  valeric  acid^  the 
distillate  will  consist  of  butyric  acid  only^  while  the  residue  will 
be  a  mixture  of  potassic  valerate  and  butyrate.  If,  on  the  other 
hand,  the  potassic  hydrate  be  insufficient  to  completely  saturate 
the  valeric  acid,  the  residue  in  the  retort  will  consist  of  pure 
potassic  valerate,  and  the  distillate  will  be  a  mixture  of  butyric 
and  valeric  acids,  which  may  be  separated  by  a  repetition  of  the 
process. 

(1031)  Fractional  Distillation. — The  operation  of  fractional 
distillation  is  employed  for  the  separation  of  mixed  volatile 
liquids  whose  boiling  points  differ  to  some  extent.  The  mixed 
liquid  to  be  operated  on  is  placed  in  a  retort,  into  the  tubulure 
of  which  a  thermometer  is  inserted,  and  heat  is  applied  until  the 
liquid  boils.  The  bulb  of  the  thermometer,  however,  should  not 
dip  into  the  boiling  liquid,  for  its  temperature  is  usually  far 
higher  than  that  of  the  vapourized  portion,  and,  consequently,  an 
incorrect  1x)iling  point  would  probably  be  assigned  to  the  dis- 
tillate. In  distilling  such  a  mixture,  it  will  generally  be  found 
that  although  the  temperature  of  the  vapour,  as  indicated  by  the 
thermometer,  rises  continuously,  yet  at  certain  points  this  takes 
place  much  more  slowly,  the  temperature,  for  a  time,  remaining 
nearly  stationary.  A  large  quantity  of  the  liquid  will  then  distil 
within  comparatively  small  limits  of  temperature,  and  may  be 
supposed  to  have  a  composition  nearly  uniform.  By  again 
rectifying  those  portions  which  distil  within  the  same  small  limits 
of  temperature,  the  different  components  of  the  mixed  liquid 
may  be  obtained  in  a  state  of  tolerable  purity.  Where  large 
quantities  can  be  operated  on,  this  process  may  be  employed  for 
the  separation  of  liquids  the  boiling  points  of  which  differ  con- 
siderably from  each  other ;  but  it  is  not  satisfactory  when  the 
quantities  are  small,  or  where  the  boiling  points  are  within  lo^ 
or  15®  (ao°  or  yP  F.),  of  each  other.  Except  with  liquids  of 
high  boiling  point,  it  is  generally  better  to  substitute  for  the 
retort  a  flask  furnished  with  a  bent  tube  connected  with^a  con^ 
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denser,  and  a  thermometer,  the  bulb  of  which  should  be  about 
hajf  way  down  the  neck,  of  the  flask. 

A  considerable  improvement  in  the  mode  of  condnciing  the  fractional  distil- 
lation of  comparatively  large  quantities  of  liquid  was  introduced  by  Warren, 
who  applied  it  successfully  in  examining  the  volatile  products  of  American  pe- 
troleum. (Memoirs  of  the  American  Academy ^  New  Series,  vol.  ix.)  This 
mode  of  distillation  will  be  understood  from  an  examination  of  fig.  378,  in 
which  a  shows  the  retort  or  two-necked  flask  containing  the  liquid  for  distilla- 
tion together  with  a  thermometer/.  The  flask  is  connected  witii  an  ascending 
spiral  worm  h,  which  is  maintained  at  a  constant  temperature  by  being  made  to 

Fig.  378. 


pasH  through  the  oil  bath  c,  heated  from  below,  and  having  the  temperature 
regulated  by  the  aid  of  the  thermometer,  L  rf  is  a  vessel  ordinarily  empty,  but 
which  can  be  filled  with  ice  if  it  is  required  to  keep  the  worm  at  a  low  tempera- 
ture. The  upper  end  e  of  the  worm  is  connected  with  a  Liebig's  condenser  or 
other  suitable  apparatus  for  condensation.  By  this  arrangement  it  is  eatty  to 
ensure  the  condensation  of  the  less  volatile  portions,  which  flow  back  into  the 
retort,  whilst  the  more  volatile  portion  passes  on  and  is  condenseid  in  the  colder 
part  of  the  apparatus.  The  apparatus  should  be  made  of  brazed  copper ;  the 
worm  is  about  5  feet,  or  1*5  metre  in  length,  and  f  inch  or  10  millimetres  iu 
internal  diameter. 

The  piece  of  apparatus  represented  in  fig.  379  acts  much 
in  the  same  way  as  Warren^s,  and  is  very  generally  used  in  the 
laboratory  for  facilitating  the  fractional  distillation  of  liquids.  It 
consists  of  a  tube  about  half  an  inch  (13  millimetres)  in  internal 
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Fig.  379. 


diameter,  on  which  are  blown  from  three  to  six  bulbs,  the  lowest 
one,  a,  bein^;  about  six  inches  {i^  centimetres)  from  the  cork;  a 
thermometer  is  inserted  into  the  upper  end  b,  the 
bulb  of  which  comes  just  below  the  exit  tube  c,  for 
the  vapour.  This  is  connected  with  a  suitable 
condensing  arrangement  for  the  collection  of  the 
distilled  liquid.  Here  the  large  surface  exposed 
by  the  bulbs  has  an  effect  similar  to  the  worm  of 
Warren's  apparatus  in  condensing  the  ^^^  g^ 
less  volatile  portion  of  the  vapour.  The 
distillation  should  be  conducted  very 
slowly  and  in  a  place  as  much  sheltered 
from  currents  of  air  as  possible. 

Linnemann  {Ann.  Chem.  Pharm, 
clx.  T95),  has  considerably  improved 
on  this  apparatus  by  the  introduction 
into  the  distilling  tube  of  small  cups  (fig. 
380),  made  of  fine  platinum  wire  gauze, 
the  meshes  of  which  are  about  0*75  millimetres  square, 
or  35  to  the  inch.  For  the  separation  of  liquids  whose 
boiling  point  is  below  150°  (302^  F-)^it  is  advisable  to  use 
at  least  eight  such  cups ;  those  boiling  between  150° 
and  180°  (302°  and  356°  F.)  require  six 
cups,  whilst  above  180°  (356°  F.)  five 
are  sufficient.  These  cups  (fig.  381) 
are  made  by  pressure  in  a  box- wood 
mould  and  slide  with  friction  in  a  tube 
which  should  be  from  9  to  12  milli- 
metres (f  to  i  inch)  in  internal 
diameter.  '  During  the  progress  of  the  distilla- 
tion these  become  partially  filled  with  the  liquid 
which  condenses  on  the  sides  of  the  tube,  so  that  the 
vapour  is  compelled  to  pass  through  the  liquid  and 
becomes  washed  as  it  were,  only  the  more  volatile  portion  passing 
on  to  the  condenser ;  its  action  is  therefore  almost  identical  with 
the  Coffey's  still,  used  for  the  rectification  of  alcohol  on  the  large 
scale.  After  a  time  the  platinum  cups  will  become  too  full ;  the 
burner  must  then  be  removed  for  a  few  seconds  from  under  the 
distilling  flask,  so  as  to  stop  the  boiling  and  allow  the  liquid  to 
flow  back  again  into  the  flask,  after  which  the  distillation  can 
be  resumed. 

Wanklyn  has  nhown  (Proc,  Roy.  8oe.,  xii.  534)  that  the  proportionB  in 
which  mixed  liqoids  distil  over  must  vary  not  only  with  the  relative 
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each  oonstitnent,  and  with  the  tension  of  the  vapour  of  each  at  the  hoiling  point 
of  the  mixture,  but  also  with  the  adhesion  of  the  liquids  to  each  other  and  with 
the  vapour  density  of  each.  Although  in  most  cases  the  effect  of  adhesion  is 
trifling,  the  variation  in  vapour  density  is  important.  According  to  his  experi- 
ments, a  mixture  of  equal  weights  of  two  liquids  of  different  boiling  points  will 
furnish  a  distillate  in  which  the  proportion  of  each  liquid  may  be  calculated  from 
the  product  of  the  tension  into  the  specific  gravity  of  the  vapour.  In  conse- 
quence of  this  circumstance,  the  less  volatile  liquid  may  distil  over  more 
rapidly  than  the  other ;  for  example,  a  mixture  containing  1 8  parts  of  wood 
spirit  (boiling  at  66®  (151*  F.),  vapour  density  15*5),  and  17  parts  of  ethyl 
iodide  (boiling  at  72°  (i6i®'6  F.),  vapour  density  78)  yielded  in  the  first 
third  a  mixture  consisting  of  6  parts  of  wood  spirit  and  8*7  of  ethyl  iodide.  If 
the  vapour  density  and  the  tension  at  the  boiling  point  of  the  mixed  liquids  are 
inversely  proportional  in  the  case  of  the  two  liquids,  the  mixture  distils  without 
change.  These  observations  explain  the  facility  with  which  bodies  of  high  boil- 
ing point  and  of  considerable  vapour  density,  such  as  the  essential  oils, 
pass  over  with  the  vapour  of  water.     Berthelot  has  made  similar  observations. 

It  frequently  happens  that  a  mixture  of  substances  is  obtained^ 
one  or  more  of  which  are  readily  volatile  in  a  current  of  aqueous 
vapour^  thus  affording  an  excellent  method  for  separating  them 
from  those  which  are  non- volatile  under  these  circumstances. 
The    mixture   is    introduced  into  a  flask   a,   fig.   382,  contain- 


Fig.  382. 


ing  water  which  is  kept  gently  boilings  whilst  a  current  of 
steam  from  a  tin  or  copper  can^  by  is  passed  into  the  liquid  by 
means  of  a  tube  reaching  nearly  to  the  bottom  of  the  flask.  The 
aqueous  vapour  and  the  volatile  substances  pass  out  through  the 
tube  d,  and  after  being  condensed  in  e^  are  received  in  the 
flask  ^^  whilst  the  non- volatile  portion  remains  in  the  flask  a.  When 
solid  substances  are  operated  upon^  the  long  glass  rod,/^hich  is  fitted 
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to  the  condenser  by  means  of  a  short  piece  of  caoutchouc  tube^ 
serves  to  clear  out  any  obstruction  which  might  be  caused 
by  the  condensation  of  the  solid  in  the  tube  e.  The  safety 
tube  c  reaches  to  within  about  an  inch  of  the  bottom  of  the  tin 
can  b. 

(1032)  Ultimate  Analysis. — Scrupulous  attention  to  the 
purity  of  the  matter  submitted  to  analysis  is  of  course  of  primary 
importance^  a  very  slight  admixture  with  other  compounds  being 
sufficient  to  yitiate  the  conclusions  deducible  from  the  experi- 
ments. Having  by  suitable  means  ascertained  the  purity  of  the 
substance  to  be  analysed^  the  next  care  is  to  insure  its  complete 
desiccation.  Solids  should  be  finely  powdered  and  dried  in  the 
hot  water  oven,  if  they  are  not  decomposed  at  ioo°  (212°  F.)  ; 
otherwise  they  must  be  dried  in  vacuo  at  the  ordinary  tempera- 
ture over  sulphuric  acid.  Volatile  liquids  that  are  unchanged  by 
distillation  should  be  allowed  to  stand  for  two  or  three  days 
upon  firagments  of  fnsed  calcic  chloride ;  the  liquid  should  then 
be  decanted  and  distilled  in  a  small  retort.  In  the  examination 
of  fats  or  fixed  oils,  it  is  more  convenient  to  dry  the  material  in 
a  watch-glass  placed  in  an  ordinary 
water-bath,  or  by  exposing  them  to  a 
temperature  of  from  100°  (212°  F.)  to 
120°  (248°  P.)  in  a  water  oven  or  box  of 
sheet  copper,  made  double,  as  shown  in 
fif)-  3^3  >  ^  being  an  aperture  for  the 
introduction  of  water  or  of  oil  into  the 
space  between  the  external  and  in- 
ternal plates,  the  heat  being  supplied  by 
a  gas  flame  below,  and  the  temperature 
being  regulated  by  a  thermometer  in- 
troduced into  the  liquid  through  the 
opening  at  a.  By  weighing  the  sub- 
stance before  and  after  drying,  the  loss  which  it  experiences  can 
be  accurately  ascertained. 

If  the  substance  is  very  hygroscopic  the  apparatus  shown  in  fig.  384  may  be 
empbyed.  ▲  represents  a  bent  glass  tube,  for  the  reception  of  the  substance  to 
be  dried ;  B  is  a  vessel  of  glass  or  of  metal,  containing  water  or  oil,  or  some  saline 
solution  ;  c,  an  aspirator,  by  which  a  current  of  atmospheric  air  can  be  main- 
tained through  the  apparatus ;  and  n,  a  bent  tube  filled  with  fragments  of 
pumice-stone,  soaked  in  sulphuric  acid,  for  drying  the  air  as  it  enters.  The  tuba 
▲  with  its  contents  is  weighed  at  the  banning  of  the  operation,  and  the  desic- 
cation must  be  continued  until  it  ceases  to  lose  weight. 

If  the  desiccation  be  efiected  in  the  water  oven,  the   ground 
Katch  glasses  which  contain  the  compound  should  be  ftUqwed  to 
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cool  under  a  bell  glass^  over  a  dish  of  sulphuric  acid  or  calcic 
chloride. 

Fig.  384. 


(1033)  Determination  of  Carbon,  Hydrogen  and  Nit  r  off  en, — 
Most  organic  compounds  consist  of  carbon,  hydrogen,  oxygen, 
and  sometimes  nitrogen,  so  that  the  operation  of  organic 
analysis  resolves  itself  mainly  into  the  accurate  quantitative 
determination  of  these  elements.  We  are  indebted  to  Gay- 
Lussac  and  Thenard  for  the  fundamental  principle  that  regulates 
our  operations  in  this  respect,  although  the  process  proposed  by 
them  has  subsequently  been  modified  and  improved  by  many 
chemists,  especially  by  Berzelius,  De  Saussure,  Prout,  and  Liebig. 
It  was  by  the  last  named  eminent  philosopher  that  the  method 
now  in  general  use  was  contrived. 

The  object  of  the  operation  being  to  determine  the  relative 
proportion  in  which  each  of  the  elements  occurs  in  the  compound 
under  examination,  it  is  necessary  for  the  success  of  the  analytical 
process  that  these  elements  should  either  be  separated  in  a  state 
of  purity,  or  obtained  in  the  form  of  definite  compounds  that  can 
easily  be  collected.  In  practice  it  has  been  found  most  con- 
venient to  supply  the  substance  to  be  analysed  with  a  quantity 
of  oxygen  sufficient  to  convert  the  carbon  which  it  contains  into 
carbonic  anhydride,  and  the  hydrogen  into  water.  An  arrange- 
ment is  made  for  estimating  the  water,  by  causing  the  evolved  gases 
to  pass  over  a  substance  which  has  a  powerful  attraction  for  it, 
such  as  calcic  chloride  or  pumice  moistened  with  sulphuric  acid, 
whilst  the  carbonic  anhydride  is  absorbed  by  means  of  a  solution 
of  potassic  hydrate ;  when  the  amount   of  nitrogen   has   to  be 
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ascertained  it  is  either  measured  over  mercury  in  the  form 
of  gas,  or  determined  as  ammonia.  In  the  latter  case,  the 
substance  to  be  analysed  is  mixed  with  soda-lime,  and  heated ; 
all  the  nitrogen  is  thus  converted  into  ammonia,  in  which  form 
it  admits  of  being  readily  estimated. 

The  amount  of  carbonic  anhydride,  water,  and  ammonia 
being  known,  it  is  easy  to  find  by  calculation  the  weight  of  the 
carbon,  hydrogen,  and  nitrogen  respectively  contained  in  them. 
The  quantity  of  oxygen  which  the  substance  contains  may  be 
known  by  deducting  the  united  weight  of  the  carbon,  hydrogen, 
and  nitrogen,  from  the  total  weight  of  the  body  analysed,  sup- 
posing no  other  elements  to  have  been  present. 

The  method  employed  for  the  analysis  will  vary  accord- 
ing to  the  nature  and  composition  of  the  substance  to  be 
examined. 

We  shall  first  describe  the  methods  of  analysing — 

1.  A  solid,  which  does  not  contain  nitrogen. 

2.  A  liquid,  which  does  not  contain  nitrogen. 

3.  A  substance  which  does  contain  nitrogen. 

(1034)  Analysis  of  a  Solid  not  containing  Nitrogen^ — As  gas 
is  now  so  readily  obtainable  it  is  almost  universally  used  in  the 
furnaces  employed  for  organic  analysis.  Many  forms  of  gas 
furnace  for  this  purpose  have  been  devised,  differing  considerably 
in  detail,  but  that  originally  proposed  by  Hofmann  is  perhaps  the 
most  generally  useful  in  an  ordinary  laboratory.  Its  general  ar- 
rangement is  represented  at  2,  fig.  385.  A  firm  cast  iron  stand 
supports  the  body  of  the  furnace  shown  in  section  at  3.  The 
gas  issues  through  a  number  of  minute  holes  in  the  fire  clay 
burners  of  which  there  are  five  rows,  those  in  the  centre  row  on 
which  the  combustion  tube  rests  being  shorter  than  the  others ; 
the  amount  of  gas  supplied  to  the  fire-clay  burners  through  the 
tabes  d  d,  can  be  easily  regulated  by  means  of  the  stopcocks. 
The  sides  of  the  furnace  are  formed  of  tiles,  /,  some  of  which  are 
removed  to  show  the  arrangement  of  the  burners ;  other  tiles  ff, 
which  are  moveable,  can  be  placed  at  pleasure  on  the  top  of  the 
farnace  to  assist  in  regulating  the  temperature. 

Charcoal  in  occasionally  ased  where  gas  cannot  be  obtained :  the  best  form  of 
.  farnace  for  this  is  represented  at  c,  fig.  386  :  it  is  made  of  stout  sheet-iron  bent 
into  the  form  of  a  troagh,  open  at  one  end  ;  the  plate  which  closes  the  other 
end  is  perforated  with  an  aperture  three-quarters  of  an  inch  in  diameter, 
to  allow  the  passage  of  the  combustion  tube ;  the  furnace  is  about  20  inches 
long,  5  inches  wide  at  top,  2}  inches  at  bottom,  and  3  inches  high ;  or  about 
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50  eentimetres  long,  13  cm.  wide  at  top,  7  cm.  at  bottom,  and  8  cm.  high. 
TransTene  slits  are  made  at  intervals  of  2  inches  along  the  bottom  of  the 
trough  for  the  admission  of  air,  and  in  each  of  the  spaces  between  these  slits  ia 

Fia.  386. 


riveted  a  vertical  stiff  piece  of  sheet-iron,  i  inch  high,  terminatiDg  in  a  concave 
edge  above,  for  the  support  of  the  combustion  tube.  During  the  operation,  the 
famaoe  may  rest  on  bricks,  y,  g. 

The  combustion  or  retort  tube  a  b,  fig.  386,  in  which  the 
mixture  is  bomed^  is  about  24  inches  long  and  f  of  an  inch  in 
diameter  (60  centimetres  long  and  9  millimetres  in  diameter)  ;  it 
is  made  of  glass  of  difScult  fusibility  and  free  from  lead,  such 
as  the  hard  Bohemian  glass.  The  tube  is  generally  drawn  out 
into  a  fine  but  strong  tail  bent  upwards  at  an  obtuse  angle^  and 
the  mouth  should  be  smoothed  by  fusing  it  in  the  flame  of 
the  blowpipe,  so  that  the  cork  may  not  be  torn  in  ad- 
justing it. 

The  water  is  collected  in  a  tube,  e,  filled  with  calcic  chloride. 
At  £^  is  a  small  bulb,  in  which  the  greater  part  of  the  water 
becomes  condensed,  and  may  be  emptied  out  as  soon  as  the  tube 
has  been  weighed ;  if  this  is  done  the  calcium  chloride  will  last 
for  a  large  number  of  operations  without  requiring  to  be  renewed. 
The  calcic  chloride  must  not  be  fused,  but  should  be  prepared  by 
evaporating  the  solution  of  the  chloride  to  dryness  by  a  strong 
sand  heat ;  a  porous  mass  is  thus  obtained,  which  absorbs  the 
aqueous  vapours  more  readily,  and  at  the  same  time  does  not 
expand  like  the  fused  variety  to  the  destruction  of  the  tube  that 
contains  it.  The  cork  through  which  passes  the  short  tube  by 
which  the  drying  tube  e  is  connected  with  the  potash  bulbs  /,  and 
which  may  consist  of  a  short  piece  of  caoutchouc  tubing,  should 
be  trimmed  close  to  the  large  tube  and  covered  neatly  with 
melted  sealing-wax ;  and  lastly,  air  should  be  drawn  through  the 
apparatus  to  ascertain  that  no  obstruction  exists.  Pumice-stone 
moistened  with  concentrated  sulphuric  acid  may  sometimes  be 
advantageously  substituted  for  calcic  chloride  in  the  drying  tube. 
The  connexion  between  this  tube  and  the  combustion  tube, 
a  A,  is  effected  by  means  of  a  sound  elastic  cork,   or  a^lug  of 
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vulcanized  caoutchouc,  which  is  made  to  close  the  mouth  of 
the  tube  accurately ;  it  is  pierced  with  a  round  file,  and  fitted 
firmly  upon  the  fine  tube  proceeding  from  the  bulb  d  of  the  drying 
tube ;  the  cork  should  be  dried  on  the  sand-bath  immediately 
before  the  apparatus  is  mounted. 

The  solution  of  potassic  hydrate  employed  in  the  potash  bulbs, 
/,  should  have  a  sp.  gr.  of  from  1*25  to  1*27,  and  must  be  renewed 
every  two  or  three  experiments.  To  the  free  end  of  the  potash  bulbs, 
a  tube  h,  filled  with  fragments  of  potassic  hydrate,  is  adjusted  by 
means  of  a  cork ;  this  is  weighed  with  the  bulbs,  and  is  employed 
to  dry  the  nitrogen  and  other  gases  which  escape  during  the 
course  of  the  analysis.  A  far  better  form  than  the  ordinary 
Liebig's  bulbs  are  those  devised  by  Geissler  and  represented  at  k, 
fig.  385,  where  the  gas  passes  successively  through  three  distinct 
bulbs,  each  of  which  contains  a  solution  of  potassic  hydrate ;  the 
arrangement  can  be  easily  understood  from  an  inspection  of  the 
figure. 

The  compound  generally  used  for  supplying  oxygen  to  the 
substance  to  be  burned  is  cupric  oxide,  which,  although  it  is  not 
decomposed  when  heated  alone,  yet  readily  imparts  oxygen  to 
the  carbon  compound  heated  in  contact  with  it.  It  is  con- 
veniently prepared  by  dissolving  copper  in  pure  nitric  acid,  eva- 
porating to  dryness,  and  decomposing  the  nitrate  by  heating  it  in 
an  earthen  crucible  until  red  fumes  cease  to  appear.  It  should  be 
strongly  heated,  otherwise  it  is  very  hygroscopic,  but  care  must 
be  taken  that  the  temperature  is  not  so  high  as  to  cause  incipient 
fusion  j  in  this  case  it  becomes  agglutinated,  and  requires  pound- 
ing in  an  iron  mortar  to  pulverize  it.  The  powdered  oxide 
should  be  sifted  through  a  fine  copper  gauze  sieve,  and  preserved 
in  stoppered  glass  bottles.  Sometimes  it  is  convenient  to  use  the 
granular  semifused  cupric  oxide  produced  by  strongly  heating 
copper  in  a  current  of  air  in  a  muffle. 

Immediately  before  each  analytical  operation,  a  sufficient 
quantity  of  cupric  oxide  is  to  be  ignited  in  a  crucible,  and  while 
still  very  hot,  transferred  to  a  dry  tube,  by  plunging  the  mouth 
of  the  tube  into  the  oxide  in  the  crucible,  and  then  by  a  turn  of 
the  wrist  causing  a  portion  of  the  oxide  to  enter  the  tube ;  re- 
peating the  operation  until  the  tube  is  nearly  full :  when  the 
mouth  is  no  longer  too  hot  it  should  be  closed  with  a  dry  cork, 
and  allowed  to  cool.  Meantime  the  interior  of  the  combustion 
tube  is  to  be  dried  completely  by  heating  each  portion  of  it  in 
succession,  beginning  at  the  open  end,  whilst  drawing  air  through 
it  by  means  of  a  narrower  tube  passed  down  just  beyond  the 
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heated  part.  When  every  part  has  thus  been  dried,  the  com- 
bustion tube  is  to  be  corked  and  allowed  to  cool. 

Five  or  six  grains,  or  about  0*3  grm.,  of  the  substance 
are  usually  enough  for  analysis.  The  watch  glasses  containing 
the  substance  should  be  carefully  weighed,*  and  after  the  re- 
quisite quantity  has  been  taken  out  and  mixed  with  the  cupric 
oxide  in  the  manner  described  below,  the  glasses  must  be  closed 
with  the  clip  and  again  weighed.  Great  care  should  be  taken  in 
charging  the  combustion  tube.  Cupric  oxide  to  the  depth  of 
about  an  inch  (25  centimetres)  is  first  poured  into  it;  after 
which  a  small  quantity  of  the  oxide  is  to  be  put  into  a  hemi- 
spherical glass  dish  resting  on  a  sheet  of  glazed  paper,  then  the 
substance  to  be  analysed,  then  more  oxide.  This  dish  must  be 
thoroughly  cleaned  and  rinsed  out  with  a  little  of  the  oxide  pre- 
viously to  being  used,  and  the  interior  of  it  should  on  no  ac- 
count be  touched  with  the  fingers,  as  the  finer  portions  of  the 
cupric  oxide  would  be  sure  to  adhere  in  those  places.  The  mixture 
must  be  made  quickly  and  carefully  by  means  of  a  thin  flexible  steel 
spatula,  as  much  oxide  being  employed  as  will  be  sufficient  to  fill  a 
little  more  than  half  the  combustion  tube.  The  dish  is  now  to  be 
taken  in  the  palm  of  the  left  hand,  and  the  mixture  introduced  by 
scooping  it  up  into  the  tube  with  a  peculiar  turn  of  the  wrist,  which 
can  easily  be  acquired  after  a  little  practice.  The  last  portions  of 
the  mixture  are  most  easily  introduced  by  transferring  them  to  a 
highly  glazed  card,  and  pouring  them  from  it  directly  into  the 
combustion  tube.  The  dish  is  then  washed  out  two  or  three 
times  successively  with  small  quantities  of  the  oxide  in  order  to 
remove  the  last  traces  of  the  mixture,  the  washings  being  intro- 
duced into  the  tube  in  the  manner  just  described  :  the  combustion 
tube  is  finally  to  be  filled  up  with  pure  cupric  oxide  to  within  two 
inches  (5  centimetres)  of  the  extremity.  Instead  of  a  glass  dish 
and  steel  spatula,  an  ordinary  porcelain  pestle  and  mortar  may  be 
used,  but  it  is  not  so  convenient :  sometimes  also  when  many 
tubes  have  to  be  filled,  and  it  is  desired  to  save  time,  the  mixture, 
washings,  &c.,  may  be  poured  into  the  combustion  tube  through  a 
clean  bright  copper  funnel. 

The  proportions  of  the  mixture  are  represented  at  i,  fig.  385,  in 
which  the  portion  from  the  tail  of  the  tube  to  the  letter  a  consists 
of  pure  cupric  oxide  ;  that  from  «  to  A  of  the  mixture  ;  that  from 
6  to  c  of  the  rinsings  of  the  mortar,  and  the  pure  oxide.  The 
tube  having  been  closed  by  a  cork  is  to  be  tapped  gently  on  the 
table,  so  as  to  clear  the  tail-like  prolongation,  and  make  an  air- 
way above  the  oxide  from  end  to  end.  r^^^^T^ 

«  Digitized  by  VjOOQIC 


o 


18  BUNSEN's    method. BURNING    THE    SUBSTANCE.  [1O34. 

Bunsen  has  introduced  some  slight  modifications  of  Liehig's  method  which 
are  very  convenient,  especially  for  hygroscopic  substances.  The  substance  to  be 
burnt  is  weighed  in  a  long  narrow  tube,  which  can  be  closed  by  a  cork  or  ground 
stopper,  and  from  which  it  is  transferred  directly  to  the  combustion  tube.  About 
4  inches  (10  centimetres)  of  oxide  are  introduced  into  the  latter,  thecomponnd 
to  be  burnt  is  then  poured  in  from  the  weighing  tube,  then  4  inches  more  of 
cupric  oxide.  In  order  thoroughly  to  mix  the  substance  with  the  oxide, 
the  two  are  stirred  up  together  in  the  combustion  tube  by  means  of  a  long  bfight 
iron  wire,  having  one  end  pointed  and  twisted  like  a  corkscrew,  and  the  other 
bent  into  a  ring  to  serve  as  a  handle.  Finally  the  tube  is  filled  up  with  pure 
oxide  as  usual. 

The  dryiDg  tube  e,  fig.  386,  having  been  accurately  weighed,  is 
next  to  be  fitted  to  the  caoutchouc  plug  or  dried  perforated  cork, 
and  connected  by  it  air-tight  to  the  tube  a  b  c.  The  combustion 
tube  is  now  placed  in  the  furnace,  and  the  potash  apparatus  /,  also 
previously  weighed,  is  attached  to  the  drying  tube  by  means  of  a 
connecting  piece  of  caoutchouc,  care  being  taken  that  the  largest 
bulb  is  on'  the  arm  connected  with  the  drying  tube.  If  Liebig's 
potash  bulbs  be  used  they  should  be  slightly  inclined  by  placing 
a  cork  under  the  end  of  the  horizontal  portion  nearest  the  open 
extremity.  Matters  being  thus  arranged,  the  next  thing  is  to 
ascertain  if  the  whole  apparatus  be  tight,  and  for  this  purpose  the 
air  in  the  large  bulb  is  to  be  gently  heated  so  as  to  expel  a  few 
bubbles ;  if,  on  cooling,  the  liquid  rises  in  the  limb  and  maintains 
its  elevation  steadily  for  a  few  minutes,  the  combustion  may 
safely  be  begun.  A  screen  of  iron  plate  is  hung  over  the  end  of 
the  furnace  nearest  the  absorption  apparatus  to  protect  the  cork, 
care  being  taken  that  the  heat  never  rises  so  high  as  to  scorch  it, 
or  falls  so  low  as  to  allow  of  the  condensation  of  moisture  in  that 
part  of  the  tube  which  projects  from  the  furnace. 

The  portion  of  the  tube  nearest  the  cork,  where  the  pure 
cupric  oxide  lies,  is  first  heated ;  as  soon  as  it  is  red  hot  and  the 
escape  of  air  due  to  expansion  has  ceased,  about  an  inch  more  of 
the  tube  may  be  heated ;  when  this  has  become  red  hot,  heat  is 
applied  to  a  fresh  portion,  proceeding  gradually  and  slowly  in 
this  manner  to  heat  the  whole  length  of  the  tube.  When  the 
heat  reaches  the  rinsings  of  the  dish,  a  little  carbonic  anhydride 
and  aqueous  vapour  are  evolved,  but  as  soon  as  the  mixture^  of  the 
substance  with  the  cupric  oxide  begins  to  decompose  the  gas 
comes  off  much  more  rapidly,  and  the  heating  should  be  so 
regulated  that  not  more  than  one  or  two  bubbles  pass  into  the 
potash  apparatus  in  a  second.  At  first  only  a  small  portion  of 
the  escaping  gas  is  absorbed,  but  when  the  substance  is  fairly 
undergoing  decomposition,  and  the  atmospheric  air  in  the  ap- 
paratus  has  been  expelled,  the  gas  is  almost  entirely  taken  up  by 

Digitized  by  VjOOQ IC 


1034]  ASPIRATOR. — DUMAS'    METHOD.  19 

the  potassic  hydrate  solution.  Even  after  the  whole  tube  is  ignited^ 
the  heat  must  be  continued  until  gas  ceases  to  be  disengaged. 
The  liquid  will  then  gradually  recede  into  the  large  bulb ; 
as  soon  as  this  is  observed^  the  gas  should  be  turned  oS,  or  tlie 
charcoal  removed  from  the  tail  of  the  tube,  and  when  the  solu- 
tion of  potassic  hydrate  has  risen  sufficiently  to  fill  half  the  large 
bulb,  the  tip  of  the  tail  must  be  nipped  off :  gentle  suction  is  now 
to  be  effected  by  means  of  the  aspirator  or  the  mouth  adapted  to 
the  free  extremity  of  the  potash  apparatus  by  a  tube  of  vulcanized 
caoutchouc,  and  air  drawn  through  the  combustion  tube  in  order 
to  displace  the  carbonic  anhydride  and  aqueous  vapour  which  the 
apparatus  contains. 

If  the  combustion  tube  is  not  of  very  hard  glass,  and  it 
be  allowed  to  become  very  hot,  the  pressure  of  the  gas  may 
sometimes  be  sufficient  to  distend  the  tube,  and  even  to  blow 
a  hole  in  the  side.  This  necessarily  renders  the  experiment 
ralneless,  and  in  order  to  avoid  such  a  mishap  it  is  advisable  to 
render  the  pressure  in  the  interior  of  the  combustion  tube  the 
same  as  that  of  the  atmosphere^  or  even  to  produce  a  partial 
vacuum.  This  is  easily  effected  by  means  of  an  aspirator,  a 
simple  form  of  which  is  represented  in  fig.  385  j  /  is  a  tubulated 
bottle  tilled  with  water,  and  connected  with  the  absorption  ap- 
paratus, h  ky  by  means  of  a  caoutchouc  tube ;  from  the  tubulure 
a  flexible  tube  passes  into  the  beaker  0,  placed  in  the  bottom  of 
a  funnel,  »,  supported  on  the  ring  of  a  tripod  stand,  by  which  it 
can  be  raised  or  lowered.  The  tube  m  serves  as  an  indicator  of  the 
amount  of  exhaust  produced  by  the  aspirator,  which  is  the  difference 
between  the  level  of  the  water  in  /  and  that  in  o,  or,  what  is  the 
same  thing,  the  difference  between  the  surface  of  the  water  in  the 
bottle  /  and  that  in  the  tube  m.  This  column  should  be  some- 
what greater  than  that  which  the  gas  has  to  overcome  in  passing 
through  the  liquid  in  the  potash  bulbs. 

Dumas  prefers  to  connect  the  extremity  of  the  combustion  tube  with  a  drying 
tiibe,and  thid  again  with  a  receiver  containing  ozy^n,  which  gas  in  carefully  driven 
over  the  contents  of  the  tube  in  the  manner  shown  in  a  former  volume,  fig. 
306,  Part  II ,  p.  123.  This  renders  the  operation  somewhat  more  complicated, 
bat  it  w  more  exact,  especially  for  compounds  where  the  proportion  of  carbon  is 
great.  The  tube  for  supplying  oxygen  is  easily  adjusted  to  the  combustion  tube 
by  drawing  out  the  tail  horizontally  instead  of  obliquely,  and  fitting  it  on  by  a 
caoutchouc  connector,  care  being  taken  to  screen  the  junction  from  the  influence 
of  heat  lustead  of  merely  completing  the  operation  by  passing  oxygen 
through  the  tube  in  the  manner  described,  it  is  very  convenient  when  many  com- 
bostions  have  to  be  made  to  burn  the  substance  in  a  platinum  bout,  in  a  current 
of  oxygen,  as  shown  in  fig.  385.  For  this  purpose  the  combustion  tube  is  open 
at  both  ends,  one  end  being  connected  with  the  usual  absorption  apparatus^^  k,  the^ 


C  2  Digitized  by  Google 


20  COMBUSTION   WITH    PLUMBIC   CHROMATB.  [1^34* 

other  with  a  drying  apparatus,  oonsisting  of  a  series  of  tubes,  h,  oontainiDg 
soda  lime  or  potassic  hydrate,  and  the  bulb  c,  containing  sulpfaaric  acid,  through 
which  a  current  of  air  or  oxygen  can  be  transmitted  at  pleasure  from  the 
gasholder  a.  About  two-thirds  of  the  length  of  the  combustion  tube  nearest  the 
absotption  apparatus  is  filled  with  granular  cupric  oxide,  which  is  kept  io  its 
place  by  a  plug  of  asbestos.  The  substance  to  be  burnt  is  contained  in  a  platinum 
boat,  which  is  pushed  into  the  tube  close  to  the  asbestos  plug.  As  soon  as  the 
fore  part  of  the  tube  is  heated  to  redness,  and  the  heat  is  approaching  that  part 
where  the  platinum  boat  is  placed,  a  gentle  current  of  oxygen  is  passed,  and  the 
substance  cautiously  burnt.  When  this  is  completed  the  oxygen  is  turned  off, 
and  a  slow  current  of  atmospheric  air  passed  until  the  apparatus  is  cool.  With 
this  method  the  same  tube  will  answer  for  several  combustions. 

The  absorption  apparatus  is  now  disconnected^  and  allowed  to 
cool.  In  about  an  hour  the  drying  tube  e  may  be  weighed ;  one- 
ninth  of  the  gain  which  it  has  experienced  indicates  the  quantity 
of  hydrogen  contained  in  the  compound  analysed;  the  potash 
apparatus  f,  is  also  to  be  weighed,  and  three-elevenths  of  what  it 
has  gained  shows  the  quantity  of  carbon.  The  deficiency  is 
reckoned  as  oxygen. 

The  cupric  oxide,  after  having  been  used  several  times,  re- 
quires to  be  re-oxidized  by  moistening  it  with  nitric  acid,  and 
igniting  it  as  before  described. 

In  cases  where  chlorine,  bromine,  iodine,  or  sulphur  is  pre- 
sent in  the  compound  to  be  analysed,  plumbic  chromate,  PbCrO^ 
may  be  advantageously  substituted  for  the  cupric  oxide,  as  chloride, 
bromide,  and  iodide  of  copper  are  somewhat  volatile,  and  would 
be  carried  by  the  current  of  gas  into  the  drying  tube,  whilst 
with  cupric  oxide  the  sulphur  present  would  pass  over  as  sul- 
phurous anhydride  into  the  potash  bulbs.  The  chromate  is  also 
useful  with  substances  difficult  of  combustion,  since  by  a  bright 
red  heat  alone  it  gives  off  a  portion  of  its  oxygen ;  moreover, 
it  has  the  advantage  of  being  less  hygroscopic  than  cupric 
oxide.  It  is  easily  prepared  by  precipitating  potassic  chrqmate 
or  dichromate  with  a  solution  of  plumbic  acetate,  and  should  be 
well  washed  and  heated  to  incipient  fusion  before  being  used  for 
analysis.  It  is  then  reduced  to  fine  powder,  and  employed  in 
the  same  way  as  cupric  oxide,  but  it  is  not  necessary  to  have  the 
combustion  tube  so  long,  and  the  anterior  portion  of  the  tube 
should  never  be  heated  higher  than  a  dull  fed,  so  as  to  avoid 
fusing  the  chromate  there.  It  is  frequently  advantageous  to  mit 
the  substance,  especially  if  very  difficult  to  burn,  with  plumbic 
chromate  and  a  small  quantity  of  potassic  dichromate,  K^CrgO^, 
which  fuses  readily  and  ensures  its  complete  combustion,  the  rest 
of  the  tube  being  filled  with  plumbic  chromate.  The  potassic 
dichromate  employed  for  this  purpose  should  always  ba  care- 
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fully  recrystallized   to   make  certain   that  no  organic  matter  is 
present. 

(1035)  -^na/y^  of  a  Liquid  not  containing  Nitrogen. — If  the  liquid  be 
tfofatile,  a  piece  of  tube  rather  less  than  a  quarter  of  an  inch  or  6  millim.  in 
diameter  is  to  be  heated  in  the  blowpipe  flame,  and  drawn  out  into  a  capillary 
portion,  a,  fig.  387,  about  four  inches  (10  centimetres)  long  :  about  a  quarter  of 

Fio.  387. 


an  inch  below  this  the  tube  is  to  be  sealed,  and  the  little  piece  of  tube,  2»,  thua 
left  connected  with  the  capillary  part,  heated  and  blown  into  a  small  bulb  about 
as  big  as  a  pea ;  this  is  to  be  cut  off,  leaving  a  capillary  neck  of  about   two 
inches  (5   centimetres)  long.     Having  made  a  sufficient  number  of  these  timall 
bulbs,  two  of  them,  which  it  has  been  ascertained  will  freely  enter  the  combus- 
tion-tabe,  are  to  be  accurately  weighed  ;  a  little  of  the  liquid  to  be   analysed  is 
to  be  put  into  a  small  tube,  and  the  capillary  neck  of  the  bulbs  inverted  into  the 
liquid.     The  bulbs  are  then  to  be  warmed  by  the  flame  of  a  splrit-larap,  so  as 
to  expand  and  drive  out  a  portion  of  the  air ;  on  cooling,  the  liquid  will  enter 
the   bulbs,  which  should  be  about  three-fourths  filled.     The    necks  are  now  to 
be  sealed  by  the  blowpipe  flame,  and  the  bulbs  again  weighed  ;   the  increase  i)r 
weight  gives  the  quantity  of  the  liquid  which  is  to  be   analysed.      The  cupric 
oxide  having  been  heated  and  allowed  to  cool  with  the  usual  precautions,  about 
an  inch  and  a  half  (36  millimetres)  of  the  combustion  tube   is  to  be  filled  with 
pare  oxide ;  next  a  scratch  is  to  be  made  with  a  file  or  knife  aitross  the  capillary 
neck  of  one  of  the  bulbs,  and  the  bulb  having  been  placed  in  the  tube,  the  neck 
is  to  be  broken  by  pressure  against  the  glass,  and  the  broken  portion  of  the  neck 
to  be  dropped  in  with  the  bulb ;  dried  cupric  oxide  in  then  to  be  poured  in  to 
tlie  depth  of  two  inches  more ;  the  second  bulb  is  to  be  introduced  in  the  same 
manner  as  the  first,  and  the  tubu  is  to  be  filled  up  witb  oxide ;  after  which  it  is 
to  be  corked  and  struck  smardy  upon  its  side  on  the  table,  to  secure  free  air-way. 
The  absorption  apparatus  is  now  attached  and  the   combustion  tube  adjusted  in 
the  furnace,  and  the  first  half  of  the  tube  gradually  heated  ;  when  this  is  red- 
hot,  the  liquid  must  be  volatilized  by  cautiously  heating  the   part  of  the  tube 
where  the  nearest  bulb  lies,  taking  especial  care  not  to  raise  the  temperature  too 
rapidly :  when  by  degrees  all  the  liquid   in  the  first  bulb  has  been  expelled,  the 
other  is  to  be  proceeded  with  in  like  manner  ;  the   whole  length  of  the  tube  is 
finally  heated,  and  the  gases  are  driven  out  of  the  apparatus  by  means  of  a  cur- 
rent of  oxygen  in  the  manner  already  described. 

This  precaution  is  necessary  with  shbtit^nces  which  contain  a  relatively  large 
proportion  of  carbon,  as  they  would    otherwise    escape    complete   combustion. 
Instead  of  employing   oxygen    gas,    some     finely    pulverized,   carefully    dried 
potaaic  chlorate  may  be  mixed  with  about  four  times  its  weight  of  cupric  oxide, 
and  about  an  inch  of  the  combustion  tube  near  a  (fig.  386)  may  be  filled  with  it ; 
the  tail-like  prolongation  may  in  this  caaie  be  dispensed  with.     At  the  close  of  th^ 
operation,  in#tead  of  sucking    air    through   the    apparatus,  heat  is  to  be  verv 
cautionaly  applied  to  the  chlorate ;  the   oxygen   that  is   evolved  burns  the   l^^^^ 
traces  of  carbon  and  displaces   the    gas    and  aqueous    vapour  contamed   iu    ^y^ 
tubes.    The  heat  must  not  be  too  suddenly  applied,  for  if  it  be,  a  portion  of  tyT 
eblorate  is  apt  to  be  carried  forward    mechanicaUy,  a  circumstance  which  con^,^^^ 
tates  the  diief  objection  to  its  use* 
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If  the  liqaid  be  not  volatile  it  may  be  weighed  in  a  small  tube  the  weight 
of  which,  when  empty,  is  known,  and  after  the  tube  with  its  contents  has  been 
introduced  into  the  combustion  tube,  the  liquid  is  to  be  distributed  over  the  sides  of 
this  tube ;  or  it  may  be  weighed  in  bulbs  like  volatile  liquids,  and  these  after  their 
introduction  into  the  combustion  tube,  are  crushed  by  dropping  on  them  a  short 
pointed  piece  of  glass  rod  about  an  inch  long,  subsequently  filling  in  the  cupric 
oxide  in  the  usual  manner. 

(1036)  Analysis  of  a  Body  containing  Nitrogen. — The  presence 
of  nitrogen  in  an  organic  compound  may  generally  be  ascertained 
by  mixing  a  small  quantity  of  it  with  some  solid  potassic  hydrate, 
and  heating  it  in  a  test  tube  :  if  nitrogen  be  present,  vapours  of 
ammonia  will  be  evolved.  The  nitrogen  in  certain  organic 
substances,  however,  cannot  be  readily  detected  in  this  manner : 
for  instance,  in  cyanogen  compounds,  nitro-eubstitution  com- 
pounds, and  such  bodies  as  indigo  and  the  alkaloids  which  yield 
volatile  organic  bases  by  the  action  of  an  alkali.  The  best  method 
in  these  cases  is  to  heat  some  of  the  compound  under  examination 
with  metallic  sodium.  A  violent  action  usually  takes  place, 
accompanied  by  deposition  of  carbon,  whilst  the  nitrogen  and  a 
portion  of  the  carbon  combines  with  the  sodium,  forming  sodic 
cyanide.  On  dissolving  the  product  in  water,  filtering,  and  adding 
a  tew  drops  of  a  mixed  solution  of  ferric  and  ferrous  sulphates, 
potassic  ferrocyanide  is  formed.  The  addition  of  an  excess  of 
hydrochloric  acid  dissolves  the  precipitated  oxide  of  iron,  which 
now  forms  Prussian  blue  with  the  ferrocyanide.  The  presence  of 
very  small  quantities  of  nitrogen  can  be  ascertained  by  these 
means. 

When  nitrogen  is  present,  two  separate  analyses  are  required  : 
the  first,  to  determine  the  proportion  of  carbon  and  hydrogen ; 
and  the  second,  to  ascertain  the  amount  of  nitrogen.  In  making 
a  determination  of  the  carbon  and  hydrogen  in  bodies  containing 
nitrogen  by  burning  them  with  cupric  oxide,  a  variable  proportion 
of  the  tower  oxides  of  nitrogen  is  formed,  which  being  absorbed 
by  the  calcic  chloride,  or  by  the  potassic  hydrate,  would  render  the 
analysis  incorrect.  A  slight  variation  in  the  method  employed  be- 
comes necessaryin  order  to  prevent  this.  The  combustion  tube  must 
be  longer  than  when  there  is  no  nitrogen  present,  and  should  be 
charged  as  usual  to  within  6  inches.  (15  centimetres)  of  the 
opening,  finally  introducing  about  4  inches  (10  centimetres)  of 
copper  turnings,  or  a  roll  of  fine  copper  wire  gauze  of  the  same 
length.  The  copper,  just  before  being  used,  should  be  heated 
to  redness  in  the  air,  and  then  reduced  in  a  current  of  hydrogen. 
The  apparatus  having  been  arranged  as  before  directed,  the  copper 
turnings  are  to   be  brought  to  a  full  red-heat,  anc|rt^j^nalysi8 
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caatioosly  conducted  in  the  ordinary  manner.  As  the  oxides  of 
nitrogen  pass  slowly  over  the  ignited  copper  they  are  decom- 
posed^ the  oxygen  combining  with*  the  copper,  whilst  the  nitrogen 
escapes.  The  amount  of  carbon  and  hydrogen  is  determined 
exactly  as  in  the  method  previously  described. 

11037)  Method  of  Varrentrapp  and  Will, — A  very  accurate 
method  for  ascertaining  the  proportion  of  nitrogen  is  that  devised 
by  Varrentrapp  and  Will ;  the  fundamental  fact  upon  which  it  is 
based  being  the  observation  of  Gay-Lussac  that  most  azotized 
matters,  when  heated  with  a  large  excess  of  potassic  or  sodic 
hydrate,  give  off  the  whole  of  the  nitrogen  in  the  form  of 
ammonia.  In  order  to  render  this  method  available  for  the 
purposes  of  analysis,  the  subjoined  precautions  are  requisite 

A  mixture  of  two  parts  of  quicklime  and  one  of  sodic  hydrate 
is  prepared  by  slaking  \vell-bumed  lime  with  the  necessary  quantity 
of  a  solution  of  sodic  hydrate,  and  evaporating  the  whole  to 
dryness  ;  the  mass  is  then  ignited,  pulverized  as  quickly  as  possible, 
and  transferred  to  well-closed  bottles,  in  order  to  exclude  car- 
bonic acid  and  moisture.  A  mixture  of  equal  parts  of  sodic 
carbonate  and  of  slaked  lime  answers  even  better,  and  is  much 
less  troublesome  to  prepare  than  the  above ;  sodic  carbonate  for 
this  purpose  being  easily  obtained  by  heating  the  commercial 
"bicarbonate  "  until  it  ceases  to  give  off  aqueous  vapours  (S.  W. 
Johnson,  Ann,  Chem,  Pharm,  clxix.  69). 

When  an  analysis  has  to  be  made,  the  substance  under  exami- 
nation is  intimately  mixed  in  a  glass  dish  or  warm  mortar  with  a 
portion  of  this  alkalized  lime,  or  soda-lime  as  it  is  generally  termed, 
in  a  manner  similar  to  that  already  described  for  the  deter- 
mination of  the  carbon  and  hydrogen  in  a  compound.  In  this 
case,  however,  it  is  not  necessary  to  be  so  careful  in  avoiding 
the  absorption  of  moisture  during  the  operation  of  filling  the 
tube. 

The  mixture  having  been  introduced  into  the  combustion 
tube,  a  plug  of  asbestos  which  ha|  been  recently  ignited  is  inserted 
in  order  to  prevent  any  of  tne  mixture  being  carried  forward 
mechanically  into  the  apparatus  through  which  the  gases  are 
made  to  pass.  On  heating  the  combustion  tube  in  the  ordinary 
way,  and  with  the  usual  precautions,  the  substance  is  decomposed, 
and  the  whole  of  the  nitrogen  escapes  as  ammonia.  The  drying- 
tube  and  the  potash  apparatus  are  not  used,  but  the  ammonia  is 
collected  in  a  bulb-tube  of  the  form  represented  at  /,  fig.  388, 
which  is  connected  air-tight  with  the  combustion  tube  by 
means  of  a  good  cork.     The  bulbs  /  are   charged  with  hydro- 
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chloric  acid  of  sp.  gr.  I'l  which  has  been  previously  tested  and 
found  to  he  free  from  ammonia. 

Fig  ^88.  When  the  operation  is  complete, 

absorption   will  take  place,  and  the 

\  liquid  will  rise  in   the  bulb  nearest 

\  ja^tmrnm        ^^  ^^^  >  ^^  ^^^  moment  the  tail  of 

the  combustion  tube  should  be  nipped 
oflP,  and  air  carefully  drawn  through 
the  apparatus  in  the  usual  way. 
When  the  combustion  is  completed, 
the  contents  of  the  bulb-tube  are 
to  be  emptied  into  an  evaporating 
dish,  and  the  bulbs  washed  out  several 
times  with  water ;  solution  of  platinic 
chloride  is  then  added  in  excess,  and 
the  whole  evaporated  to  dryness  on  a 
water-bath.  The  residue  when  dry  is  digested  with  a  mixture 
ot  two  parts  of  alcohol,  sp.  gr.  0*833,  and  one  of  ether,  which 
dissolves  the  excess  of  platinic  chloride,  and  leaves  the  double 
c  hloride  of  platinum  and  ammonium  in  a  crystalline  form  :  this 
is  now  collected  on  a  weighed  filter,  and  thoroughly  washed  with 
the  mixture  of  alcohol  and  ether.  The  precipitate  and  filter  may 
be  dried  at  100°  (aia°F.),  and  the  amount  of  nitrogen  calculated 
from  the  observed  weight  of  the  ammonic  platinic  chloride,  446*1 
parts  of  which  correspond  to  28  of  nitrogen,  or  100  parts  to 
6277  ^f  nitrogen.  As,  however,  in  some  instances,  volatile 
bases  other  than  ammonia  are  produced  during  the  combustion 
of  nitrogenous  organic  compounds,  and  these  also  form  double 
salts  with  platinic  chloride  and  hydrochloric  acid,  a  source  of 
error  would  be  introduced  if  the  amount  of  nitrogen  were  cal- 
culated from  the  weight  of  the  dry  double  salt.  It  is  therefore 
always  advisable  to  ignite  this,  and  calculate  the  nitrogen  from 
the  weight  of  the  residual  metallic  platinum,  197' i  of  which 
•correspond  to  28  of  nitrogen,  or  100  to  J4'2o6  of  nitrogen. 
Instead  of  collecting  the  ammonia  in  hydrochloric  acid,  it  may 
be  condensed  in  a  known  volume  of  standard  sulphuric  acid,  or 
solution  of  oxalic  acid.  About  150  grains,  or  10  c.c.  of  an  acid 
of  which  ICO  parts  will  neutralize  V]  parts  by  weight  of 
ammonia,  will  answer  the  purpose.  The  acid  liquor  is  then  to 
be  washed  out  of  the  bulbs  /,  diluted,  and  carefully  neutralized 
by  means  of  a  corresponding  standard  solution  of  sodic  hydrate. 
By  this  means  the  amount  of  acid  which  has   been  neutralized 


Digitized  by  VjOOQ IC 


lOjS.]  NITROGEN METHOD    OF   DUMAS.  25 

by  the  ammonia  is  ascertained,  and   the  nitrogen  present  in  the 
substance  burnt  can  easily  be  calculated  from  it. 

(1038)  Method  of  Dumas. — The  foregoing  method  of  deter- 
mining nitrogen  answers  for  nearly  all  cases  excepting  those  in 
which  the  element  occurs  in  a  cyanide  or  a  nitro-substitutiou 
compound,  when  it  must  be  determined  by  volume,  and  its  weight 
thence  deduced.  For  this  purpose  the  process  of  Dumas  is  the 
most  trustworthy  : — A  combustion  tube  of  about  30  inches 
(75  centimetres)  long  is  employed,  not  drawn  out  into  a  tail,  but 
sealed  with  a  rounded  extremity;  about  6  inches  (15  centi- 
metres) of  the  tube  are  filled  with  dry  hydric  spdic  carbonate, 
NallCOj,  then  an  inch  or  two  of  pure  cupric  oxide;  after  this 
the  mixture  of  the  substance  with  cupric  oxide  is  added,  and 
covered  as  usual  with  a  layer  of  pure  oxide,  finally,  the  last 
3  or  4  inches  of  the  tube  are  filled  with  clean  copper,  as  already 
directed,  with  a  view  of  decomposing  any  oxides  of  nitrogen 
which  might  be  formed.  Instead  of  hydric  sodic  carbonate,  a 
mixture  of  equal  molecular  weights  of  dried  sodic  carbonate  and 
potassic  dichromate  may  be  employed,  which  has  the  advantage 
of  giving  off  carbonic  anhydride  free  from  aqueous  vapour  when 
heated.  It  is,  however,  unnecessary  to  be  particular  in  excluding 
moisture  whilst  filling  the  tube. 

After  gently  tapping  the  tube  so  as  to  make  an  air- way  over  the 
cupric  oxide,  it  is  connected  with  a  bent  delivery  tube  g,  fi%,  388, 
and  placed  in  the  combustion  furnace,  the  end  of  the  delivery 
tube  dipping  into  a  small  mercurial  trough.  About  2  inches 
(5  centimetres)  of  the  closed  end  of  the  tube  are  now  heated, 
when  a  portion  of  the  carbonate  is  decomposed,  and  the  evolved 
carbonic  anhydride  gradually  expels  the  air  from  the  tube.  In  a 
short  time  it  will  be  found  that  the  gas  escaping  from  the  delivery 
tube  is  completely  absorbed  when  passed  up  into  a  solution  of 
potassic  hydrate  eon*^ained  in  an  inverted  test  tube,  and  consists, 
therefore,  of  pure  carbonic  anhydride.  A.  graduated  cylinder 
hlled  one-third  with  a  concenirated  solution  of  potassic  hydrate 
and  two-thirds  with  mercury  is  npw  inverted  over  the  delivery 
tube,  and  the  combustion  proceeded  with  in  the  usual  way,  com- 
mencing at  the  copper  turnings. 

When  the  part  of  the  combustion  tube  containing  the  matter 
for  analysis  is  red-hot  throughout  its  entire  extent,  heat  is  gradually 
applied  to  the  carbonate  still  remaining  undecomposed,  and  the 
last  portions  of  gas  furnished  by  the  combustion  are  driven  into 
the  receiver  by  the  carbonic  anhydride  which  is  disengaged. 
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The  products  of  the  combustion  are  water,  carbonic  anhy- 
dride, and  nitrogen  ;  the  two  former  are  retained  by  the  solution 
of  potassic  hydrate,  and  the  nitrogen  remains  in  the  graduated 
cylinder  in  the  gaseous  state.  The  tube  is  now  transferred  to  a 
deep  vessel  of  water,  allowing  the  mercury  to  fall  out  and 
become  replaced  by  the  water.  It  is  then  adjusted  so  that  the 
level  of  the  liquid  inside  and  outside  the  tube  are  the  same, 
and  after  allowing  it  to  stand  for  an  hour  or  two,  in  order  that  the 
whole  apparatus  may  be  of  the  same  temperature  as  the  atmo- 
sphere, the  height  of  the  barometer  and  thermometer  must  be 
carefully  noticed,  and  since  the  gas  will  be  saturated  with 
moisture,  its  volume  must  be  corrected  for  temperature,  pressure, 
and  aqueous  vapour.  As  a  litre  of  dry  nitrogen  at  o*  C.  and 
W^o^  760  mm.  barometric  pressure  weighs(i*256i(i|grm.,  or  loo  cubic 
inches  of  nitrogen  at  60®  F.  and  under  a  pressure  of  30  inches  of 
mercury  weigh  30*137  grains,  it  is  easy  to  calculate  the  weight 
of  the  known  volume  of  nitrogen,  and  consequently  the  propor- 
tion of  that  element  present  in  the  compound  analysed. 

(1039)  Method  of  Relative  Volumes, — When  the  quantity  of  nitr^pn 
present  is  not  less  than  one-fourth  of  the  weight  of  the  carhon  contained  in  the 
compound,  its  proportion  may  he  determined  hy  conducting  the  combustion  just 
as  if  we  were  going  to  ascertain  the  proportion  of  carbon  and  hydrogen  ;  but, 
instead  of  condensing  the  carbonic  anhydride  and  weighing  it,  the  evolved  gases 
are  collected  over  mercury.  A  bent  gas-delivering  tube,  y,  fig.  388,  is  used  in- 
stead of  the  usual  apparatus  for  the  absorption  of  water  and  carbonic  anhydride. 
In  this  case,  as  soon  as  the  fore  part  of  the  tube  containing  the  metallic  copper 
and  pure  oxide  is  red  liot,  the  combu-^tion  of  the  substance  should  be  commenced 
at  the  closed  extremity  of  the  tube,  so  as  to  expel  the  atmospheric  air  by 
means  of  a  portion  of  gas  generated  from  the  substance.  The  remainder  is 
collected  in  successive  portions  in  several  graduated  tubes,  and  by  agitating  the 
gas  in  each  of  these  with  a  solution  of  potash,  the  proportion  of  nitrogen  to  the 
carbon  can  be  at  once  determined,  sincse  equal  volumes  of  carbonic  anhydride  and 
nitrogen  represent  equal  atomic  proportions  of  carbon  and  nitrogen.  It  is 
nob  necessary  in  chis  case  to  weigh  accurately  the  quantity  of  material  em- 
ployed. 

Experience  has  shown  that  in  the  preceding  processes  for 
organic  analysis,  the  quantity  of  hyirogen  deduced  from  the  results 
is  always  slightly  in  excess,  usually  from  O'l  to  O'O,  parts  in  100  \ 
whilst  unless  oxygen  or  plumbic  chromate  be  employed,  the 
carbon  is  sometimes  deficient  to  the  same  extent.  A  deficiency 
of  carbon  also  occurs  if  the  ash  contains  carbonates  of  the  metals 
of  the  alkalies  or  of  the  earths. 

(1040)  Determination  of  Sulphur,  Phosphorus,  and  Arsenicum. 

— One  of  the  methods  employed  for  ascertaining  the   amount  of 

^#     sulphur  in   an   organic  compound,  consists   in   mixing  iJWt  of 

Digitized  by  VjOCf^lC 


I040.]  DETERMINATION    OF   SULPHCB,  PHOSPHORUS,  ETC.  27 

the  substance  for  analysis  with  lo  parts  of  nitre,  2  of  dried 
sodic  carbonate,  and  30  of  pure  sodic  or  potassic  chloride,  and 
heating  the  mass  to  redness  in  a  tube  of  hard  glass.  The 
sulphur  is  thus  converted  into  sulphate.  The  object  of  adding 
the  sodic  chloride  is  simply  to  moderate  the  violence  of  the 
deflagration.  The  residue  is  dissolved  in  water  slightly  acidified 
with  hydrochloric  acid,  and  the  sulphuric  acid  is  then  determined 
in  the  usual  way  by  precipitation  with  baric  chloride.  If  phos- 
phorus or  arsenicum  be  present,  it  will  remain  in  the  acid  liquor 
in  the  form  of  phosphoric  or  arsenic  acid.  Its  amount  may  be 
determined  by  adding  sulphuric  acid  in  order  to  throw  down  the 
excess  of  barium  salt ;  then  filtering,  supersaturating  with  am- 
monia, and  adding  an  ammoniacal  solution  of  magnesic  sulphate  : 
the  phosphoric  or  arsenic  acid  is  precipitated  as  ammonic 
magnesic  phosphate  or  arseniate,  and  can  be  collected  in  the 
usual  manner.  The  sulphur  in  organic  compounds  may  also  be 
determined  by  burning  them  in  a  combustion  tube  with  a  mix- 
ture of  mercuric  oxide  and  pure  sodium  carbonate  in  a  manner 
similar  to  that  employed  for  the  estimation  of  nitrogen  by 
Varrentrapp  and  Will's  method.  A  little  pure  oxide  of  mercury 
is  introduced  into  the  closed  end  of  the  tube,  which  is  heated  at 
the  completion  of  the  operation  so  as  to  pass  a  current  of  oxygen 
through  the  tube  to  insure  the  complete  oxidation  of  the  sulphur 
to  sulphate.  The  contents  of  the  tube,  when  cold  are  dissolved  in 
water  and  the  amount  of  sulphuric  acid  produced  estimated  in 
the  usual  way. 

Another  method,  and  one  less  liable  to  error,  consists  in  sealing 
up  the  substance  in  a  tube  with  strong  nitric  acid  of  sp.  gr.  1*52 
and  heating  it  from  four  to  twenty- four  hours  at  150°  to  200° 
(302°  to  392°  P.)  ;  the  amount  of  sulphate  can  then  be  deterfnined 
in  the  usual  way,  and  the  phosphate  or  arseniate  after  neutraliza- 
tion with  ammonia. 

When  sulphur  is  present,  certain  precautions  are  necessary 
to  prevent  error  in  the  estimation  of  the  amount  of  carbon,  since 
a  portion  of  the  sulphur  becomes  converted  during  the  process  of 
combustion  with  cupric  oxide  into  sulphurous  anhydride,  and  this 
would  be  condensed  by  the  potassic  hydrate  along  with  the  carbonic 
anhydride,  which  would  then  be  estimated  in  excess.  This 
may  be  avoided  by  interposing  a  short  tube  filled  with  plumbic 
peroxide  between  the  tube  of  calcic  chloride  and  the  potash  bulbs  ; 
the  sulphurous  anhydride  is  by  this  means  absorbed,  uniting  with 
the  plumbic  peroxide  and  forming  plumbic  sulphate,  PbOgH-SOg 
becoming  PbSO^ :   it  is  I'ar  better,  however,   to   employ  plumbic 
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chromate  instead  of  cupric  oxide,  when  the  sulphur  is  retained  as 
plumbic  sulphate. 

(1041)  Determination  of  Chlorine,  Bromine,  and  Iodine. — 
When  a  substance  containing  chlorine  is  burnt  with  cupric  oxide, 
cuprous  chloride  is  formed  and  would  be  carried  forward  into  the 
chloride  of  calcium  tube  and  condensed  there :  moreover,  if  a 
current  of  oxygen  is  used,  free  chlorine  is  obtained  which,  parsing 
into  the  potash  apparatus,  would  be  absorbed  there  and  render 
the  analysis  valueless.  These  sources  of  error,  however,  may  be 
entirely  avoided  by  introducing  a  coil  of  silver  foil  a  or  3  inches 
long  (5  to  8  centimetres)  into  the  anterior  portion  of  the  tube, 
which  retains  the  chlorine  as  argentic  chloride.  Even  when 
plumbic  chromate  is  used,  it  is  always  advisable  to  employ  the 
silver  foil,  especially  with  substances  containing  a  large  percentage 
of  chlorine.  These  remarks  apply  equally  to  organic  compounds 
containing  bromine  or  iodine.  If  the  quantity  of  chlorine,  or  of 
any  other  halogen,  is  to  be  estimated,  the  substance  for  analysis 
is  mixed  with  about  10  times  its  weight  of  pure  lime,  and 
introduced  into  a  narrow  tube  of  Bohemian  glass  10  or  la 
inches  (25  or  30  centim.)  long,  and  sealed  at  one  end.  The 
tube  is  filled  up  with  fragments  of  pure  lime,  and  gradually 
brought  to  a  red  heat,  commencing  at  the  open  extremity.  When 
the  combustion  is  complete,  and  the  tube  cold,  its  contents  are 
transferred  to  a  beaker  containing  distilled  water,  afterwards 
carefully  washing  out  the  tube,  first  with  water  and  then  with 
dilute  nitric  acid.  Nitric  acid  is  now  cautiously  added  to  the 
mixture  until  the  lime  is  dissolved,  taking  care  only  to  employ  a 
slight  excess  of  nitric  acid,  alter  which  the  liquid  is  filtered, 
and  the  chlorine,  iodine,  or  bromine  precipitated  by  means  of 
argentic  nitrate. 

The  determination  of  these  elements  may  also  be  very  readily 
made  by  the  method  proposed  by  Carius  (Deut,  Chem,  Ges,  Ber.,  III. 
697)  of  heating  the  compound  with  nitric  acid  and  silver  nitrate 
in  a  sealed  tube,  to  a  high  temperature,  in  a  manner  similar  to  that 
already  described  for  the  estimation  of  sulphur.  The  substance  to 
be  analysed  is  enclosed  in  a  weighed  glas3  bulb,  which  is  broken 
after  it  is  sealed  up  along  with  the  nitric  acid.  The  argentic 
chloride  produced  is  collected  and  weighed  along  with  the  broken 
bulb,  the  weight  of  the  latter  being  subtracted  afterwards  A% 
however  the  glass  of  which  the  bulbs  are  made  may  be  partially 
dissolved  by  the  nitric  acid,  which  would  tend  to  diminish  the 
apparent  amount  of  the  halogen,  it  is  better,  in  order  to  avoid 
this  source  of  error,  to  place  the  substance  in  a  short  pipce  of 
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glass  tube  sealed  at  one  end  and  closed  by  a  ground  stopper^ 
instead  of  enclosing  it  in  a  glass  bulb.  After  the  operation  is 
OTer,  it  is  easy  to  separate  the  argentic  compound  from  the 
tube  and  stopper.  The  results  obtained  with  iodine  compounds 
are  generally  too  low^  in  some  instances  as  much  as  i  per  cent. 
According  to  Liunemauu^  this  is  probably  due  to  the  solubility 
of  argentic  iodide  in  an  acid  solution  of  argentic  nitrate. 

(1042)  Determination  of  other  Elements. — The  other  elements 
occasionally  met  with  in  organic  substances  are  determined  by 
the  ordinary  methods^  but  it  is  generally  necessary  to  oxidize 
or  incinerate  the  substance  in  the  first  place.  This  operation 
should  always  be  performed  at  a  low  temperature,  which  need 
not  exceed  a  barely  visible  red,  as  otherwise,  if  alkaline  chlorides 
be  present  they  would  be  partially  volaiilized. 

GeNSBAL  ReMA&KS  on   the   DiSCBlMINATION   OF  THE  GaSES. 

(1043)  The  principal  bodies  which  are  gafleous  at  the  mean  temperature  ot* 
the  atmosphere  are  about  35  in  number.  Several  of  these  compounds  are  met 
with  in  the  uncombined  lorm  in  the  atmosphere,  either  uniformly,  or  under 
prticular  circumstances  not  of  unfrequent  occurrence ;  these  gases  are  oxygen, 
nitrogen,  carbonic  and  sulphurous  anhydrides,  hydrosulphuric  acid,  ammonia,  and 
occaKionalij  carbonic  oxide  and  methane  or  methylic  hydride.  Generally  speak- 
ing, the  different  gases,  when  pure,  are  readily  distinguished  from  each  other  by 
some  well-marked  physic-Al  or' chemical  property.  The  few  gases  which  are 
coloured  are  at  once  indicated  by  the  peculiarity  of  their  tint,  conjoined  with 
their  characteristic  odour:  in  this  manner  peroxide  of  nitrogen,  chlorine, 
hypochlorous  and  chlorous  anhydride,  chloric  peroxide,  and  vapour  of  bromine 
are  at  once  recognised. 

Many  gases  have  a  peculiar  and  characteristic  odour.  Some  of  the  most  im- 
portant, however,  including  oxygen,  nitrogen,  hydrogen,  carbonic  anhydride,  car- 
bonic oxide,  methane  or  light  carburetted  hydrogen,  ethylene  or  oleBant  gas,  and 
nitrous  oxide  possess  little  or  no  odour,  and  require  other  means  for  di:icrimiiiating 
them  from  each  other. 

(1044)  In  ordur  to  aid  the  operator  in  distinguishing  the  different  gases 
from  each  other,  Th^nard  divided  them  into  four  groups,  the  arrangement  being 
dependent  upon  the  action  of  a  solution  of  potassic  hydrate  upon  them, 
conjoined  with  the  occurrence  or  the  absence  of  combu!<tion  on  the  application  of 
a  lighted  match  to  the  gas.  The  experiment  is  made  by  admitting  a  few  drops 
of  a  solution  of  potassic  hydrate  into  a  test-tube  filled  with  the  gas,  and  standing 
over  mercury :  on  agitating  the  contents  of  the  tube,  it  is  immediately  obvious 
whether  any  absorption  occurs.  The  application  of  a  lighted  match  to  another 
small  tube  tilled  with  the  gas  shows  whether  it  be  inflammable,  or  whether 
it  extinguishes  or  supports  combustion. 

The  four  groups  of  gases  which  are  distinguished  by  the  application  of  these 
tests  are  the  following  :— 

.  I.  Gases  which  are  absorbable  by  potassic  hydrate,  but  which  are  not 
inflammable. 

2.  Gases  absorbable  by  potassic  hydrate,  but  which  are  inflammable. 

3.  Gases  not  absorbable  by  potassic  hydrate,  and  not  inflammable. 

4.  Gases  nut  absorbable  by  potassic  hydrate,  which  are  inflairniroble.     r 


30  GENERAL    REMARKS  r^044- 

We    proceed    to  point  out  brieflj  the   cbaractera  of  the  members  of  each 
group. 

(1045)  '• — G-<is€8  which  are  absorbable  by  Potcusic  hydrate,  but    are 


not  inflammable  ;  tliese  are 

15  in 

number  : — viz., 

I.  Hydrochloric  acid 

9.  Nitrous  anhydride 

2.  Hydrobromic  acid 

10.  Chloric  peroxide 

3.  Hydriodic  acid 

II.  Chlorous  anhydride 

4.  Silicic  fluoride 

12.  Hypochlorous  anhydride 

5.  Boric  lluoride 

13.  Chlorine 

6.  Boric  diloride 

14.  Carbonic  anhydride 

7.  Carbonic  OX}  dichloride 

15.  Cyanic  chloride. 

8.  Sulphurous  anhydride 

Of  these  gases  each  of  the  first  eleven  reddens  litmus-paper,  when  moist- 
ened and  plunged  into  it.  Hyptxihlorous  anhydride  and  chlorine  destroy 
its  colour,  and  blench  it  entirely.  Caibonic  anhydride  is  nearly  without  action, 
and  cyanic  chloride  produces  no  effect  uponjts  colour.  The  first  six  gases  fume 
strongly  when  mixed  with  the  air,  owing  to  their  action  on  the  moisture  which 
it  contains :  the  solutions  in  water  of  hydrochloric,  hydrobromic,  and  hydriodic 
acids  are  immediately  distinguished  by  the  usual  tents  for  them.  £ach  gas  also 
presents  certain  peculiarities — viz,  i. — A  small  quantity  of  chlorine  produces 
no  change  in  the  hydrochloric  acid ;  2. — In  hydrobromic  acid  it  occasions  the 
separation  of  red  fumes  of  bromine;  and  3. — In  hydriodic  acid  violet  fumes 
of  iodine  appear.  4. — Silicic  fluoride  is  recognised  by  the  gelatinous  deposit  of 
silica  which  water  produces  when  the  gas  is  t»rought  in  contact  with  this  liquid. 
5. — Boric  fluoride  produces  a  gelatinous  precipitate  in  a  solution  of  potassic 
hydrate,  but  not  in  pure  water.  6. — Boric  chloride  is  decomposed  by  water  into 
hydrochloric  and  boracic  acids,  which  may  be  recognised  in  the  solution  by  the 
appropriate  tests.  7. — Carbonic  oxydichloride  has  a  peculiar,  pungent  odour, 
and  is  decomposed  by  water  into  hydrochloric  acid  and  carbonic  anhydride. 
8. — Sulphurous  anhydride  is  immediately  recognised  by  the  suffocating  odour  of 
burning  sulphur :  it  is  absorbt>d  by  plumbic  peroxide,  and  a  white  plumbic 
sulphate  is  formed.  9. — Nitrous  anhydride  is  sufliciently  characterized  by  it8 
colour  and  peculiar  odour ;  and  10. — The  same  may  be  rem«rked  of  chloric  peroxide. 
II. — Chlorous  anhydride  has  a  greener  tinge  than  the  chloric  peroxide,  and 
it  yields  a  bright  yellow  solution  when  dissolved  in  water.  12. — Hypochlorous 
anhydride  has  the  odour  of  the  bleaching  compounds  of  chlorine  with  the 
alkalies  and  earths,  and  it  rapidly  destroys  vegetable  colours  :  thette  three  oxides 
of  chlorine  detonate  by  the  application  of  a  temperature  below  that  of  boiling  water. 
13. — Chlorine  is  distinguished  by  its  greenish  yellow  colour  and  remarkable 
odour,  by  its  bleaching  action  on  vegetable  colours,  and  by  its  sparing  solubility 
in  water,  which  only  takes  up  about  twice  its  bulk  of  the  gas.  14. — Carbonic 
anhydride  extinguishes  flame,  renders  lime-water  turbid,  and  is  soluble  in  about 
its  own  bulk  of  water.  15. — Cyanic  chloride  is  recognised  by  its  pungent 
odour,  and  its  peculiarly  irritating  effect  on  the  eyes. 

(1046)  2.—  Ga^es  absorbable  by  Potassic  hydrate  and  injlammable  ;  these 
are  only  4  in  number: — viz., 

1.  Sulphuretted  hydrogen  1         3.  Telluretted  hydrogen 

2.  Seleniuretted  hydrogen  |         4.  Cyanogen. 

These  gases  are  recognised  with  great  facility,  i. — Sulphuretted  hydrogen 
has  a  peculiar  odour  of  putrid  eggs ;  it  burns  with  a  blue  flame,  often  attended 
with  a  deposit  of  sulphur ;  it  blackens  paper  soaked  in  a  solution  of  plumbic 
acetate,  and  is  decomposed  by  moist  chlorine,  with  separation  of  sulphur ;  water 
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dissolves  aboat  twice  its  bulk  of  the  gas.  2. — Seleniuretted  hydrogen  has  an 
odour  analogous  to  that  of  the  preceding  gas  ;  its  aqueous  solution  gradually  de- 
posits selenium  in  the  form  of  a  red  amorphous  precipitate ;  it  precipitates  ftalts 
of  zinc  of  a  flesh-red  colour.  3. — Telluretted  hydrogen  is  also  decomposed  by 
chlorine,  tellurium  being  set  free,  and  subsiding  as  a  brown  powder.  4.— Cva- 
nogen  bums  with  a  rose-edged  purple  flame ;  it  has  a  penetrating  characteriHtic 
odour.  If  mixed  with  an  equal  volume  of  oxygen,  and  a  red-hot  platinum  wire 
be  suspended  in  the  mixture,  red  nitrous  fumes  are  produced  by  the  oxidation  of 
the  nitrogen  contained  in  the  gas. 

(1047)  3. — Gcues  not  absorbable  b^  Potassic  hydrate  and  not  inflammable; 
of  these  also  there  are  four — viz., 


1.  Oxygen 

2.  Nitrous  oxide 


Nitrogen 
Nitric  oxide. 


I. — Oxygen  is  at  once  distinguished  from  all  other  gases  by  its  property  of 
kindlings  a  glowing  match,  by  its  power  of  producing  red  fumes  when  mixed 
with  nitric  oxide,  and  by  its  insolubility  in  water  when  agitated  with  it. 
It  is  absorbed  by  moistened  phosphorus,  by  a  solution  of  cuprous  oxide  in 
ammonia,  rendering  the  colourless  solution  deep  blue,  and  by  a  solution  of  pyro- 
gallic  acid  in  potassic  hydrate,  the  mixture  becoming  of  an  intense  bistre  colour. 
Solutions  of  the  sulphides  of  the  alkali-metals  also  absorb  oxygen  rapidly.  2.  Ni- 
trous oxide,  although  it  rekindles  a  glowing  match,  is  dissoived  when  agitated 
with  water.  3. — Nitrogen  extinguishes  the  flame  of  burning  bodies ;  it  is 
insoluble  in  water,  and  does  not  render  lime-water  turbid.  4. — Nitric  oxide  is 
instantly  recognised  by  the  red  fumes  which  it  occasions  when  mixed  with  air  or 
free  oxygen ;  it  is  immediately  absorbed  by  a  solution  of  ferrous  sulphate, 
giving*  the  liquid  a  deep  brown  colour  when  oxygen  is  present. 

(1048)  4. — Gases  not  absorbable  by  Potassic  hydrate,  which  are  inflam- 
mable  : — 


1.  Hydrogen 

2.  Methane,  or  mcthylic  hj^dride,  and 

its  homologues,  ethane,  propane, 
and  butane  or  tetrane 

3.  Olefiant  gas,  or  ethylene,  and   its 


homologues,  propylene  and  bu*y- 
lene 

4.  Acetylene  and  allylene 

5.  Phosphu retted  hydrogen 

6.  Arseniuretted  hydrogen 

7.  Carbonic  oxide. 


I. — Hydrogen  is  inodorous,  if  pure;  it  bums  with  a  feebly  luminous  flame, 
and  if  mixed  with  half  its  volume  of  oxygen,  produces  water  either  by  the 
transmission  of  an  electric  spark,  or  by  the  action  of  a  bail  of  spongy  platinum. 
2. — Methane  burns  with  a  yellowish  flame ;  it  is  not  acted  upon  if  mixed  with 
chlorine  over  water  and  screened  from  light,  and  is  not  dissolved  by  fuming  sul- 
phuric acid.  3. — Ethylene,  or  its  homologues,  when  mixed  with  an  equal 
volume  of  chlorine,  even  in  the  dark  becomes  condensed  to  an  oily  liquid  which 
is  insoluble  in  water ;  it  is  also  absorbed  by  antimonic  pentachloride,  and 
by  Nordhausen  sulphuric  acid  :  it  burns  with  a  brilliant  smoky  flame.  4.  Ace- 
tylene may  be  separated  by  taking  advantage  of  the  property  it  possesses  of 
being  absorbed  by  an  ammoniacal  solution  of  cuprous  chloride.  The  red  pre- 
cipitate thus  obtained,  is  decomposed  by  hydrochloric  acid,  yielding  the  hydro- 
carbon in  the  free  state.  5. — Phosphuretted  hydrogen  is  distinguished  by 
its  peculiar  alliaceous  odour  :  it  burns  with  a  luminous  flame,  producing  white 
fomes  of  phosphoric  anhydride;  solutions  of  the  salts  of  copper,  silver, 
and  mercury  dissolve  it  and  form  brown  precipitates.  6. — Arseniuretted 
hydrogen  is  decomposed  if  passed  through  glass  tubes  heated  nearly  to  redness, 
a  ring  of  arsenicum  being  deposited  :  it  bums  with  a  peculiar  white  flame,  and 
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deposits  a  brown  stain  of  arsenicum  on  cold  bodies  introduced  into  the  burning 
jet.  It  is  extremely  poisonous,  and  has  a  peculiar  odour  of  garlic.  It  may  b« 
distinguished  from  antimoniu retted  hydrogen  by  methods  previously  described 
(841).  7* — Carbonic  oxide  burns  with  a  pale  blue  flame,  producing  carbonic 
anhydride ;  it  is  insoluble  in  water,  and  is  dissolved  by  a  solution  of  cuprous 
chloride  in  hydrochloric  acid. 

(1049)  GeTieral  Principles  of  the  Analysis  of  a  Mixture  of  Oases. — In 
a  mixture  of  gases  a  qualitative  examination  must  be  made  as  a  preliminary 
step,  in  order  to  ascertain  what  gases  are  present.  It  is  of  course  needless  to 
search  for  those  which  condense  or  decompose  each  other.  Ammonia,  for 
example,  would  not  be  found  in  a  mixture  which  contained  hydrochloric,  hydri- 
odic,  or  hydrobromic  acid  gases,  nor  in  the  presence  of  sulphurous  or  nitrons 
anhydrides.  Oxygen  would  not  occur  in  a  mixture  in  which  nitric  oxide  was 
present.  Neither  could  free  chlorine  or  its  oxides  co-exist  with  hydriodic 
or  hydrobromic  acid,  nor  with  ethylene,  nor  with  the  compounds  of  hydrogen 
with  sulphur,  selenium,  tellurium,  phosphorus,  or  arsenic:  chlorine  and  its 
oxides  are  equally  incompatible  with  ammonia. 

The  complete  analysis  of  a  mixture  of  different  gases  is  one  of  the  most 
delicate  and  difficult  branches  of  chemical  analysis,  and  it  is  not  intended 
to  attempt  to  give  more  than  an  idea  of  the  principles  on  which  such  an  opera- 
tion is  conducted,  and  the  manner  in  which  it  is  effected. 

As  an  illustration  of  the  method  of  proceeding  we  may  take  a  case  of  fre« 
qaent  occurrence :  viz.,  the  determination  of  the  composition  of  a  sample  of  coal- 
gas.  In  this  case,  the  ingredients  which  may  be  present  are  numei*ous.  These 
are — i,  hydrogen;  2,  ethylene  or  oleflant  gas  and  other  unsaturated  hydro- 
carbons; 3,  methane  or  light  carburetted  hydrogen  ;  4,  carbonic  oxide;  5,  car- 
bonic anhydride;  6,  sulphuretted  hydrogen;  7,  ammonia;  8,  oxygen;  and  9, 
nitrogen,  the  last  two  derived  from  the  atmosphere. 

A  qualitative  examination  is  made  thus  : — the  proportion  of  ammonia  and  of 
sulphuretted  hydrogen  is  usually  very  minute,  and  in  most  cases  these  gases 
must  be  sought  for  by  placing  the  tests  for  their  presence  for  some  time  in  a  cur- 
rent of  the  coal-gas.  In  searching  for  ammonia,  a  piece  of  moistened  litmus- 
paper,  fpebly  reddened,  is  placed  for  a  minute  in  a  jet  of  the  issuing  gas:  if  the 
blue  colour  be  restored,  ammonia  is  present.  Paper  soaked  in  a  solution  of 
plumbic  acetate  may  be  subjected  to  a  similar  trial :  if  it  tum  brown,  sulphuretted 
hydrogen  is  present.  The  presence  of  oxygen  is  detected  by  admitting  a  bubble 
of  nitric  oxide  into  a  tube  filled  with  the  gas  under  trial,  and  looking  through 
the  tube  obliquely  upon  a  sheet  of  white  paper ;  very  small  traces  of  oxygen 
may  thus  be  detected  by  the  red  tinge  produced,  owing  to  the  formation 
of  peroxide  of  nitrogen.  Carbonic  anhydride  may  be  detected  by  the  turbidity 
which  it  produoes  in  lime-water  or  in  a  solution  of  basic  plumbic  acetate, 
if  thrown  up  into  the  gas  whilst  standing  in  a  tube  over  mercury.  The  other 
g^es  are  certain  to  be  present,  in  greater  or  less  quantity.  The  sulphuretted 
hydrogen  and  ammonia  are  too  small  in  amount  to  be  quantitatively  determined; 
but  supposing  that  oxygen  and  carbonic  anhydride  are  found  to  be  present,  the 
proportion  of  seven  different  gases  will  remain  to  be  ascertained.  The  following 
method  may  be  adopted  for  their  quantitative  determination  :— 

I.  Carbonic  anhydride,— X  volume  of  the  gas  is  confined  over  mercury, 
and  its  bulk  is  measured,  with  due  attention  to  temperature  and  pressure.  A 
piece  of  potassic  hydrate  which  has  been  melted  upon  the  end  of  a  long  platinum 
wire,  to  serve  as  a  handle,  is  introduced  from  below,  through  the  mercury  into 
the  tube.  Care  must  be  taken  that  the  wire  does  not  project  above  the  surface 
of  the  mercury  into  the  trough,  otherwise  a  slow  process  of  diffusion  will  occur 
between  the  gas  in  the  tube  and  the  outer  air.     AAer  two  or  tl»ee  honvs  the 
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potasic   hydrate  is  withdrawn ;    the  ainoTint  of  the  ahsorption   indicates  the 
proportion  of  carbonic  anhydride  which  was  preRent. 

2.  JEthtfl-ene,  Acetylene,  and  their  Homologues, — These  gases  are  absorbed  by 
introdncing  another  ball,  consisting  of  poroas  coke  moistened  with .  fuming  sul- 
phuric acid.  It  is  necessary,  however,  before  reading  off  the  volume  of  the  gas, 
to  introdace  a  ball  of  potassic  hydrate  a  second  time,  in  order  to  withdraw  the 
▼iponr  of  snlphuric  anhydride,  which  possesses  sufficient  tension  to  introduce  a 
serions  error  by  dilating  the  bulk  of  the  gas  unless  it  be  completely  removed. 
The  total  amount  of  absorption  will  indicate  the  proportion  of  ethylene,  together 
vith  the  vapours  of  oondensible  hydrocarbons. 

3.  Oxygen, — This  gas  is  determined  in  a  similar  manner,  by  employing  a 
bill  of  moist  phosphorus,  which^must  be  left  in  the  gas  for  twenty-four  hours ; 
the  firesh  diminution  in  bulk,  shows  the  proportion  of  oxygen.  A  ball  of  coke 
moistened  with  a  concentrated  solution  of  potassic  hydrate  and  pyrogallic  acid 
may  be  employed  for  the  same  purpose :  the  absorption  in  this  case  is  much 
more  rapid.* 

4.  Carbonic  Oxide. — The  accurate  separation  of  carbonic  oxide  from  the 
other  gases  is  not  easily  effected.  The  gas  may  be  divided  into  two  portions, 
one  of  which  is  to  be  carefully  measured  as  it  stands  over  mercury ;  a  small 
quantity  of  a  solution  of  cuprous  chloride  in  hydrochloric  acid  is  next  added 
by  means  of  a  syringe,  and  the  mixture  is  briskly  agitated ;  the  gas  is  then 
withdrawn  by  means  of  the  gas  pipette  (shown  in  fig.  305),  and  transferred  by 
its  means  to  a  second  graduated  tube,  also  standing  over  mercury ;  into  this  tube 
a  ball  of  potassic  hydrate  on  the  end  of  a  platinum  wire  is  introduced,  for  the 
purpose  of  absorbing  the  vapours  of  hydrochloric  acid  with  which  the  gas  is 
saturated ;  its  balk  may  then  be  read  off,  and  the  amount  of  carbonic  oxide  will 
be  known  by  the  decrease  in  volume  which  it  has  experienced. 

The  absorption  of  gases  by  liquid  reagents  is  much  more  rapid  than  when 
moistened  balls  are  employed,  and  provided  that  only  very  small  volumes  of 
liquid  are  used,  the  results  are  equally  a^urate.  Carbonic  anhydride  may 
be  thus  absorbed  by  means  of  a  concentrated  solution  of  potassic  hydrate,  one  or 
two  drops  of  which  will  suffice ;  and  oxygen  may  be  withdrawn  by  a  concen- 
trated solution  of  pyrogallic  acid  and  potassic  hydrate. 

5.  Nitrogen,  Carbonic  Oxide,  Methane,  and  Hydrogen, — The  determina- 
tion of  the  carbonic  oxide,  however,  may  be  effected  along  with  the  methane 
and  hydrogen  without  having  recourse  to  absorption.  Let  a  portion  of  the  gas 
in  which  the  carbonic  oxide  is  still  present  be  now  transferred  to  a  siphon 
eadiometer  (fig.  287),  and  let  its  bulk,  V,  be  accurately  measured;  then 
add  about  twice  its  volume  of  oxygen,  and  measure  the  g^s  a  second  time ;  let 
this  bulk  be  F"^ ;  ^^—V  will  give  the  volume  of  oxygen  which  has  been  added. 
Let  F,  be  the  bulk  of  the  gas'  after  the  mixture  has  been  exploded  by 
the  transmission  of  the  electric  spark:  V^-^V^  indicates  the  diminution  in 
bulk  which  it  has  experienced :  call  this  a.  Then  inject  a  small  quantity  of 
a  strong  solution  of  potassic  hydrate,  and  again  note  the  volume,  V^,  The  absorp- 
tion, F^—  Vp  will  be  due  to  the  quantity  of  carbonic  anhydride  which  has  been 
formed:  call  this  &.  The  remaining  gas,  F*^,  consists  of  oxygen  in  excess, 
and  niti'ogen.  The  quantity  of  oxygen  in  excess  is  ascertained  by  mixing  the 
lendaal  gas  with  about  twice  its  bulk  of  hydrogen,  and  causing  the  electric 


*  The  use  of  pellets  of  appropriate  materials  may  be  extended  to  other  gases ; 
for  example — Sulphurous  anhydnde  mny  be  absorbed  by  using  a  ball  of  mois- 
tened peroxide  of  manganese,  or  of  peroxide  of  lead  ;  and  hydrochloric  acid  is 
rapidly  absorbed  by  a  ball  consisting  of  crystallized  hydric  disodic  phosphate. 
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spark  to  pass  a  second  time.  Let  the  Yolume  of  the  mixture  hefore  firing  be 
F^,  and  let  V^  be  the  bulk  after  firing:  V^—V^  will  represent  the  amount  of 
condensation ;  and  one-third  of  this,  ♦"  *,  will  be  due  to  the  excess  of  oxygen. 
On  deducting  this  from  the  residue,  V^,  the  difierence  gives  the  volume  of 
nitrogen,  n ;  V^ — ^  '  =  n.  The  difference  between  the  amount  of  the  oxygen 
thus  found  to  be  in  excess,  and  that  originally  introduced,  will  of  course 
represent  the  quantity  of  oxygen  consumed :  call  this  c :  thus  V^ — V *J^  =  e. 

Assuming  that  the  temperature  of  the  gas  has  not  varied  in  the  course  of 
the  experiment,  which  may  be  insured  by  due  precautions,  we  have  now  all  the 
data  for  calculating  the  proportions  of  methane,  of  hydrogen,  and  of  carbonic 
oxide,  which  are  present  in  the  mixture. 

Let  X  represent  the  quantity  of  methane ;  this  gas  requires  twice  its  own 
volume  of  oxygen  for  complete  combustion,  and  furnishes  its  own  volume  of 
carbonic  anhydride,  which  requires  for  its  formation  an  equal  volume  of  oxygen, 
or  half  the  amount  consumed ;  whilst  the  other  half  of  the  oxygen  is  required 
by  the  hydrogen  which  is  condensed  in  the  form  of  water ;  2x  will  consequently 
represent  the  diminution  in  bulk  of  oxygen  which  occurs  on  detonation,  due  to 
the  amount  of  carburetted  hydrogen  which  is  present 

Again,  when  hydrogen  is  converted  into  water,  it  requires  half  its  bulk 
of  oxygen,  and  both  are  condensed  entirely.  If  y  represent  the  bulk  of  tiie 
hydrogen,  ?|  will  be  the  diminution  in  bulk  of  the  mixed  gases  on  detonation, 
which  is  occasioned  by  the  hydrogen  in  the  mixture. 

Let  z  represent  the  volume  of  carbonic  oxide  present ;  carbonic  oxide  for  its 
conversion  into  carbonic  anhydride  requires  half  its  bulk  of  oxygen,  the 
carbonic  anhydride  produced  occupying  the  same  bulk  as  the  carbonic  oxide. 
I  will  therefore  indicate  the  condensation  which  occurs  on  firing  the  mixture 
owing  to  the  carbonic  oxide  present. 

The  total  condemnation  in  bulk,  a,  which  occurs  on  firing  a  mixture  of 
methane,  hydrogen,  and  carbonic  oxide,  will  consequently  admit  of  being  thus 
represented : 

(i)         a=2x  +  ^^  -^I. 
^  '  22 

Further,  the  quantity  of  the  carbonic  anhydride,  5,  formed  by  the  detonation,  is 
composed  of  a  volume  of  carbonic  anhydride  equal  in  bulk  to  the  methane 
and  a  volume  equal  to  that  of  the  cai'bonic  oxide,  so  that  the  total  quantity  of 
carbonic  anhydride  may  be  thus  indicated : 

(2)  h  =  x  +  z. 

And  lastly,  the  oxygen  consumed,  0,  will  be  composed  of  the  following  quantitiei? : 
by  methane,  twice  its  bulk,  2x ;  by  hydrogen,  half  its  bulk,  |  ;  and  by  carbonic 
oxide,  half  its  bulk,  j ;  or  the  total  quantity  of  oxygen  consumed  will  be  the 
following : 

(3)  c=2ar  +?'-+-. 
^^'^  2       2 

From  these  three  equations  the  value  of  x,  y,  z  axe  determined : 

a  +  6 
a?  =     c ; 

3 


a  +  46 
z  =   -^^c. 
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Mioate  directions  for  the  analysis  of  varioas  gaseous  mixtures  are  given  by 
BegDault  in  the  fourth  volume  of  his  Court  Elementaire  de  Ckimie,  which 
contains  a  description  of  a  form  of  eudiometer  well  adapted  for  accurate  experi- 
ments; this  eudiometer  has  been  advantageously  modified  by  Frankland  and 
Ward  {Joum.  Ckem.  80c.  vi.  197).  Bunsen  has  also  introduced  very  important 
improvements  into  the  manipulation  and  apparatus  required  for  the  analysis  of 
gases,  which  are  fully  detailed  in  his  Gasometry,  translated  by  Boscoe  (see  also 
the  article  on  Eudiometry,  in  Liebig  and  PoggendorfTs  Handworterhuch  der 
Cheftie,  vol.  ii.) ;  and  the  modes  of  manipulation  have  been  still  further  simpli- 
fied by  Williamson  and  Russell.  {See  also  Watt's  Dictionary,  i.  268,  Supple- 
ment,  p.  140,  anj)^utton*s  Volumetric  Analysis ,  2nd  Edition,  p.  300.) 

(1050)  Calculation  of  Analyses. — We  will  suppose  the  analysis 
brought  to  a  succes^fol  issue^  and  the  percentage  of  each  element 
it  contains  calculated.  It  is  evident  that  the  information  derived 
from  this  source  is  but  scanty ;  for  it  furnishes  no  idea  either  of 
the  simplest  formula  of  the  organic  body,  or  of  the  relations  of 
the  body  to  the  substances  concerned  in  its  production,  or  obtain- 
able from  it  by  its  decomposition.  The  first  thing  is  to  ascertain 
the  empirical  formula  of  the  compound,  which  can  be  easily  done 
in  the  following  manner.  Suppose,  to  take  a  simple  example, 
the  results  of  the  analysis  have  given  6867  per  cent,  of  carbon, 
4'95  of  hydrogen,  and  26*38  of  oxygen.  If  we  divide  the  per- 
centage of  carbon  by  its  atomic  weight,  12,  that  of  the  hydrogen 
by  I,  and  the  oxygen  by  16,  we  obtain  the  numbers  5723,  4*95, 
and  1*649  representing  the  atomic  proportions  of  carbon,  hydrogen, 
and  oxygen  respectively  in  the  substance,  so  that  its  formula 
would  be  C5.733  H^.j.  ^r64,r  ^^>  however,  all  definite  compounds 
have  formulae  with  whole  numbers,  it  becomes  necessary  to  find 
approximately  three  whole  numbers  which  bear  the  same  relation 
to  one  another  as  these  three  fractions.  The  most  convenient 
way  of  doing  this  is  as  follows  : — Assume  the  oxygen  to  be  60, 
then  the  carbon  and  hydrogen  will  be  found  by  the  following 
proportions : 

For  the  carbon        1*649     •     57^3     •  •     60  :  x 
For  the  hydrogen  1*649     :     4*95       :  :     60  :  y 

Here  4?= 208*2  and  y=  180*1.       Disregarding  the  decimals  the 
formula  may  therefore  be  written  C^^  H^^  O^. 

There  are  comparatively  few  substances  which  contain  more 
than  six  atoms  of  oxygen,  or  O^,  and  the  number  60  was  chosen 
for  the  oxygen  as  it  is  divisible  by  all  the  whole  numbers  less  than 
six.  Consequently,  having  assumed  the  oxygen  as  O^q  and  calcu- 
lated the  formula  accordingly, — in  this  case  Cg^g  H^g^  Og^ — we 
can  readily  find  the  empirical  formula  by  inspection.  It  is  here 
evident  that  the  substance  contains  O^,   and  dividing  by^o  we 
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obtain,  approximately,  the  formula  C^HgOg,  the  carbon  being  as 
might  be  expected,  a  little  lower  than  that  required  for  C^.  On 
calculating  the  percentage  of  the  formula  C^H^Og,  benzoic  acid, 
we  can  then  compare  it  with  the  results  of  the  analysis  : 

CalcaUtod.  Found. 

68-85  •••  ^8-67 

4*9^        ...  4'95 

26-23       ...       26-38 
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The  same  principle  is  employed  in  calculating  the  empirical 
formula  of  more  complex  substances  containing  other  elements  in 
addition,  such  as  nitrogen,  chlorine,  and  sulphur. 

§  in.  Molecular  FoRMULiE. 

(105 1)  The  empirical  formula  thus  deduced  is  merely  the 
simplest  expression  of  the  result  of  analysis  in  terms  of  the  atomic 
weight  of  the  elements  contained  in  the  compound  analysed.  It 
expresses  the  ratios  in  which  the  atoms  are  combined,  but  it  does 
not  afford  any  information  as  to  the  number  of  atoms  of  the 
various  elements  contained  in  a  molecule  of  the  compound.  The 
molecular  formula,  however,  is  always  either  identical  with,  or 
some  simple  multiple  of,  the  empirical  formula. 

The  only  method  by  which  we  are  enabled  to  ascertain  the 
molecular  formula  of  a  body  with  any  certainty,  is  to  determine 
its  vapour  density,  or  specific  gravity  in  the  gaseous  state. 

(1052)  Hofmann's  Method  for  Vapour  Densities. — Of  the  two 
methods  employed  for  this  purpose  which  have  been  already 
described  (Fart  I.  p.  284)  one  is  known  as  that  of  Dumas,  and  the 
other  as  Gay-Lussac's.  A  modification  of  the  latter  has  recently 
been  introduced  by  Hofmann  which  possesses  many  advantages 
and  is  available  for  determinations  of  all  compounds  whose  boiling 
points  are,  below  250°  (482°  F.)  and  which  do  not  attack  mercury. 

The  apparatus  which  is  represented  in  fig.  389,  consists 
of  a  graduated  tube  ab  about  i  metre  long,  and  15  to  20  millims. 
wide,  which  is  filled  with  dry  mercury,  and  then  inverted  with 
the  open  end  in  the  vessel  ff,  also  containing  mercury.  The 
upper  portion  of  the  laboratory  tube  ab,  is  surrounded  by  a  wide 
glass  tube  cd,  so  that  a  current  of  the  vapour  of  some  liquid  of 
constant  boiling  point,  such  as  alcohol,  water,  or  aniline,  can  be 
passed  through  the  annular  space  between  the  two  tubes.  A 
small  stoppered  flask   A,  similar  to   that  shown  m>the    fieure^ 
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but  somewhat  smaller^  is  completely  filled  with  the  substance 
under  examination^  the  weight  W  of  which  must  be  ascertained. 
The  flask  and  its  contents  is  then  carefully  introduced  into  the 
laboratory  tube  ab,  and  on  rising  into  the  vacuum  in  the  upper  part, 
the  stopper  generally  comes  out  of  itself.  A  current  of  the  vapour 
from  the  vessel  e  is  now  sent  through  the  tube  cd,  the  lower  end 

Pig.  389. 


of  which  is  connected  with  a  suitable  condensing  apparatus  at  d. 
This  converts  the  liquid  in  the  small  flask  at  /,  into  vapour  which 
soon  attains  a  constant  temperature,  whilst  the  .  mercury  column 
gradually  sinks.  As  soon  as  this  becomes  stationary  the  volume 
in  cubic  centimetres  V,  of  the  vapour  in  the  upper  part  of  the  tube 
is  observed,  together  with  the  atmospheric  pressure  P,  from  a 
barometric  reading,  and  also  the  height  H,  of  the  luef^-uij 
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fff,  whicli  must  be  corrected  for  the  temperature  of  the  heated 
portion  of  the  column  and  also  for  the  tension  of  the  mercury 
vapour  corresponding  to  the  temperature,  /. 

The  weight  of  an  equal  volume  of  hydrogen^  V^  under  similar 
circumstances  is : 

0-0000895,  V.    ^,+^.^^67  t)  760 

and  the  vapour  density^  D^  of  the  substance  is  therefore  given  by 
the  equation : 

W( I +  0-003670  760 


D= 


00000895.  V(P-H) 


As  the  vapour  density  is  here  determined  under  diminished  pres- 
sure, the  temperature  required  to  obtain  an  accurate  result  is 
considerably  lowered,  and  consequently  unstable  compounds  are 
much  less  likely  to  undergo  decomposition. 

(1053)  -^  bodies  in  the  aeriform  condition,  whether  simple 
or  compound,  if  compared  at  equal  temperatures,  increase  by  an 
equal  fraction  of  their  volume  for  equal  increments  of  tempe- 
rature ;  in  other  words,  they  have  the  same  coefficient  of  dilata- 
tion when  heated.  In  like  manner  equal  volumes  of  all  gases 
and  vapours  undergo  equal  amounts  of  compression,  for  equal 
increments  of  pressure,  if  the  comparison  be  made  under  similar 
circumstances.  It  appears,  therefore,  that  the  elastic  force 
of  all  gases,  whether  simple  or  compound,  is  sensibly  equal  and 
uniform ;  hence  it  has  been  concluded  that  under  similar  circum- 
stances of  temperature  and  pressure  equal  volumes  of  all  gases  and 
vapours  contain  an  equal  number  of  molecules.  This  hypothesis 
of  the  constitution  of  gases  we  owe  to  Avogadro  and  Ampere. 

Assuming  then  that  equal  volumes  of  gases  contain  an  equal 
number  of  their  constituent  molecules,  it  follows  that  the  relative 
weights  of  these  molecules  must  be  the  same  as  the  relative 
weights  of  the  equal  gas  volumes.  Adopting  as  a  standard  the 
hydrogen  molecule  weighing  a,  we  may  therefore  say  that  the 
weight  of  the  molecule  of  any  gas  is  expressed  by  a  number  equal 
to  twice  its  specific  gravity  referred  to  hydrogen,  so  that  in  order 
to  ascertain  the  molecular  weight  of  any  substance  in  the  gasQOUS 
state,  we  have  simply  to  determine  its  specific  gravity  with  re- 
ference to  hydrogen,  and  to  double  the  number  thus  obtained. 
The  volume  V,  which  a  given  weight  of  the  compound  occupies 
when  converted  into  vapour  at  the  temperature  ^,  and  under  the 
pressure  Pj  being  ascertained  by  experiment,  the  required  vapour 
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density  D,  of  the  compound  referred  to  hydrogen  as  unity  is 
fonnd  by  dividing  this  volume  by  the  weight  of  an  equal  volume 
P,  of  hydrogen  also  at  the  temperature  /,  and  pressure  V^ : 

If  the  density  of  the  vapour  be  referred  to  air  as  unity,  the 
density  referred  to  hydrogen  as  unity  is  at  once  given  on  dividing 
by  '06926,  the  specific  gravity  of  hydrogen  referred  to  air. 

On  the  other  hand,  the  density  corresponding  to  any  par- 
ticular formula  is  found  by  dividing  the  sum  of  the  atomic  weights 
of  the  elements  composing  the  compound  represented  by  the 
formula  in  question  by  2.  Thus  the  empirical  formula  of  tur- 
pentine as  determined  by  analysis  is  CgHg,  the  density  corre- 
sponding to  which  is 

i2x/;4-ix8       68 

o "  T  =34, 

2  2 

but  the  number  obtained  on  determining  the  vapour  density 
of  that  substance  is  approximately*  68 ;  hence  the  molecular 
formula  of  turpentine  is  twice  CgHg,  or  CjqHj^.  Similarly, 
analysis  shows  that  the  empirical  formula  of  benzene  is  CH,  the 
density  corresponding  to  which  is 

12  +  1        i^        ^ 

=  ^  =  65. 

22 

The  vapour  density,  however,  is  determined  to  be  approximately 
39 ;  it  becomes  necessary,  therefore,  to  multiply  the  empirical 
formula  CH  by  6  in  order  to  obtain  the  molecular  formula  of 
benzene.  This  gives  C^H^  as  the  formula  corresponding  to  the 
density  39.  Again,  the  empirical  formula  of  ether  as  determined 
by  analysis  is  C^Hj^O,  whence 

2 

the  experimental  determination  of  its  vapour  density  gives  as 
result  the  number  37' 13.  In  this  case,  therefore,  the  empirical 
is  shown  to  coincide  with  the  molecular  formula. 

(1054)  It  is  not  always  possible  to  fix  the  molecular  formula 
of  a  compound  by  determining  its  vapour  density,  as  many  sub- 


*  Owing  to  nnavoidable  experimental  errors,  the  numbers  obtained  are  never 
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stances  cannot  be  Tolatilized  without  undergoing  decomposition. 
In  such  cases  the  molecular  formula  can  only  be  ascertained  by  a 
study  of  the  chemical  and  physical  properties  of  the  compound, 
and  a  careful  investigation  of  a  number  of  its  derivatives. 

The  molecular  formula  may  often  be  approximately  determined, 
or  rather,  to  speak  exactly,  an  estimate  obtained  in  favour  of  the 
adoption  of  the  empirical  formula  deduced  from  the  analysis,  or  of 
some  particular  multiple  thereof,  if  the  compound  possesses  acid 
or  basic  properties,  t.e.,  if  it  be  capable  of  yielding  salts  or 
combining  with  acids.  For  example,  the  simplest  formula 
deducible  from  the  analysis  of  acetic  acid  is  CH^^O ;  is  acetic 
acid  most  probably  represented  by  this  formula,  or  by  C^H^Oj, 
CjHgOjj,  &c.,  or,  in  other  words,  is  the  molecular  weight  30,  60, 
or  90  ?  Information  on  this  point  is  afforded  by  the  analysis  of 
the  silver  salt  prepared  from  the  acid. 

It  is  found  that  4*873  grains  of  silver  acetate  yield  a  residue 
of  3*149  grains  of  metallic  silver  on  ignition.  If  then  3*149  of 
silver  are  contained  in  4*873  of  silver  acetate,  how  much  silver 
acetate  will  contain  108  (i  atom)  of  silver?  By  the  pro- 
portion: 

3-149  :  108  :  :  4*873  :  x  (  =  167), 

we  find  167  for  the  molecular  weight  of  the  silver  salt,  supposing 
the  acid  to  be  monobasic,  and  in  order  to  ascertain  the  molecular 
weight  of  the  acid,  we  must  deduct  from  this  108 — ^the  number 
of  parts  of  silver  it  contains,  and  add  1 — the  number  of  parts  of 
hydrogen  replaced  by  108  of  silver,  and  we  thus  obtain  as  result 
the  number  60.  It  is  thus  proved  that  the  molecular  formula  of 
acetic  acid  is  not  CHgO,  but  that  it  is  either  C^H^Og  or  some 
multiple  thereof.  What  the  molecular  formula  really  is  can  only 
be  determined  by  ascertaining  the  vapour  density.  This  is  found 
on  trial  to  be  approximately  30,  and  the  molecular  formula  is 
thus  finally  fixed  as  being  C^K  fi^. 

In  a  similar  manner  the  potassium,  sodium,  barium,  lead,  or 
other  salts  may  be  employed.  In  the  case  of  basic  substances, 
either  the  amount  of  substance  associated  with  one  or  more 
molecules  of  an  acid  is  determined  by  analysis,  e.g.  the  hydro- 
chloric acid  in  the  hydrochloride  of  the  base,  or  the  amount  of 
platinum  contained  in  the  double  salts  which  many  of  the  hydro- 
chlorides of  bases  form  with  platinic  chloride. 

(1055)  Polymeric,  metameric,  and  isomeric  compounds, — Com- 
pounds which  have  the  same  percentage  composition,  and  there- 
fore the  same  empirical  formula^  but  which  are  represented  by 
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differefd  molecular  formul<B,  are  said  to  be  polymeric.  Thus, 
cyanic  acid  and  cyanuric  acid  are  called  polymeric,  as  although 
both  have  the  same  empirical  formula,  CNOH,  the  molecular 
formula  of  the  former  is  CNOH,  whilst  that  of  the  latter  is 
CgNjOjHj.  In  a  similar  manner,  cyanic  chloride,  CNCl,  and 
cyanuric  chloride,  C^NgClg,  are  polymeric,  and  also  aldehyde, 
CjH^O,  and  paraldehyde,  CgH^gOg. 

Bodies  possessing  the  same  percentage  composition,  and  also 
the  same  molecular  formula,  are  considered  to  be  either  metameric 
or  isomeriCy  according  to  the  relation  which  they  bear  to  one 
another  in  their  physical  properties  and  chemical  behaviour. 
Thus,  they  are  said  to  be  metameric  when  there  is  a  marked 
difference  in  their  physical  properties,  and  in  their  behaviour  under 
the  influence  of  chemical  reagents ;  whilst  isomeric  bodies  are 
those  which  may  be  shown  to  be  members  of  the  same  series, 
either  by  their  method  of  formation,  or  by  the  analogous  changes 
which  they  undergo  when  submitted  to  the  action  of  various  re- 
agents. Propionic  aldehyde  and  acetone,  for  instance,  are  con* 
sidered  to  be  metameric,  as  when  treated  with  oxidizing  agents 
the  former  is  converted  into  propionic  acid  : 

aCjH.O  -hOjj  =  aCgH.Og; 

Flropionio  aldehyda.  Propionic  add. 

whilst  the  latter  yields  formic  and  acetic  acid : 

CjH^O  -h  Oj  +  OH3  =  CgH^O,  +  CH3O2. 

AoetoDO.  Acetic  odd.  Fonnic  acid. 

On  the  contrary,  the  three  dimethylbenzenes,  known  as  orthoxylene, 
metaxylene,and  paraxylene,  having  the  molecular  formula,  CgH^Q= 
CgH^(CH3)2,  are  called  isomeric  compounds,  for  they  can  be 
obtained  fipom  benzene  by  the  displacement  of  two  of  the  hydrogen 
atoms  by  the  methyl  group,  CHg,  and  when  oxidized  by  dilute 
nitric  acid  they  yield  three  corresponding  methylbenzoic  acids, 
CjH^(CHg).COOH.  Another  hydrocarbon,  Cjl^^  is  known, 
which  is  metameric  with  the  three  dimethylbenzenes ;  it  is 
ethylbenzene,  C^Hg.  CgHg,  obtained  by  the  displacement  of  one  of 
the  hydrogen  atoms  in  benzene  by  the  ethyl  group,  C^Hg.  When 
oxidized  it  is  converted  into  benzoic  acid,  CgHg.COOH. 

The  term  isomeric,  however,  is  frequently  employed  in  a 
more  extended  sense  to  signify  compounds  which  have  the 
same  percentage  composition,  but  which  differ  in  chemical  pro- 
perties. 
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CHAPTER  IL 

§  I.  Quantivalence ; — §  II.  Classification  of  Carbon  Compounds ; — 
§  III.  Theory  of  Compound  Radicles. 

§  L  Quantivalence. 

(1056)  Observation  has  shown  that  each  elementary  substance 
has  a  tendency  to  unite  with  the  other  elements  in  a  particular 
manner^  and  the  special  peculiarities  of  these  combinations  have 
rendered  it  necessary  to  arrange  the  elements  in  six  principal 
groups  (see  also  Part  I.,  p.  35)  of  monads^  dyads,  triads,  tetrads^ 
pentads,  and  hexads,  according  as  they  are  equivalent  in  com- 
bining or  replacing  power  to  one,  two,  three,  four,  five,  or  six 
monad  atoms  of  hydrogen.  The  particular  class  of  the  element 
or  radicle  may,  when  needful,  be  pointed  out  as  proposed  by 
Odling  by  affixing  the  marks  (0  CO  D  D  D  D  to  indicate 
its  monad,  dyad,  triad,  tetrad,  pentad,  or  hexad  character. 

All  the  members  of  the  same  group  exhibit  a  certain  simi- 
larity, for  when  any  one  of  them  enters  into  combination  with 
another  element.  A,  the  compound  so  formed  is  usually  similar 
in  composition  to  the  compounds  which  the  other  members  of  the 
group  form  with  the  same  element,  A. 

(1057)  A  distinction  has  already  been  drawn  (p.  29,  Part  I.)  between,  i.  the 
^^om,which  is  the  smallest  chemically  indivisible  particle  of  each  element  which  can 
exist  in  a  comj>ound  united  with  other  particles  either  of  the  same  or  of 
different  kinds  of  matter,  but  which  is  not  known  in  a  separate  form  ;  and  2, 
the  Molecule,  or  the  smallest  quantity  of  any  elementary  substance  which 
is  capable  of  existing  in  a  separate  farm.     H,  for  instance,  indicates  the  atom 

of  hydrogen,  whilst   -it  [  ^^  ^s>  represents  its  molecule. 

The  molecule  of-' a  compound  must,  it  is  obvious,  consist  of  at  least  two 
atoms,  since  it  cannot  consist  of  less  than  one  atom  of  at  least  two  different 
kinds  of  matter ;  and  in  like  manner  it  is  probable  that  the  molecules  of  most 
of  the  bodies  hitherto  described  as  isolated  elements  are  compounds  of  the  ele- 
ment with  itself.  If  this  view  be  correct,  it  must  happen  that  when  such 
bodies  unite  with  other  so-called  elements  of  the  same  group,  the  act  of  combi- 
nation is  attended  by  double  decomposition,  and  not  by  direct  union. 

When,  for  example,  hydrogen  and  chlorine  unite  to  form  hydrochlorio  acid» 
the  change  should  be  thus  represented : 

H,  +  CI,  =  HCl  +  HCl; 

the  equation  indicatmg  that  one  of  the  atoms  in  the  molecule  of  hydrogea 
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changes  place  with  one  of  the  atoms  of  chlorine  in  the  xnolecale  of  chlorine ;  and 
the  result  in,  the  formation  of  two  molecules  of  hydrochloric  acid.* 

In  further  justification  of  this  view,  it  may  be  stated  as  a  uniform  result  of 
observation,  that  in  all  the  reactions  in  which  chlorine  gas  is  concerned,  not  one 
is  known  in  which  less  than  two  atoms  of  chlorine  is  required.  Take,  for 
example,  the  suooessive  steps  of  the  action  of  chlorine  upon  ethjlenic  dUoride  : 

C,H,C1,  f  CI,  =  C.H.Cl,  +  HCl 
C.H.Ci,  +  CI,  =  C,H,C1,  +  HCl 
C,H,C1,  +  CI,  =  C,H  CI.  +  HCl 
C,HC1,+C1,  =  C,C1,   +    HCl 

As  this  is  true  in  all  other  cases,  it  has  been  concluded  that  the  molecule 
of  chlorine,  that  is  the  smallest  particle  which  can  exist  in  the  free  state,  must 
contain  two  atoms  of  chlorine. 

It  has  also  been  observed  that  at  least  two  atoms  of  bromine,  or  of  iodine, 
most  he  present  in  every  reaction  in  which  they  take  part ;  and  the  same  is  true 
of  hydrogen  and  of  all  the  metals  which  correspond  to  hydrogen  in  atomic 
chanicter.  Many  compound  substances,  indeed,  may  be  looked  upon  as  inter- 
mediate between  the  elements  or  the  radicles  which  enter  into  their  formation  ; 
as  for  instance : 


1.  Hydrogen      ....     HH 

2.  Hydrochloric  acid    .     •     HCl 

3.  Chlorine ClCl 


Sodium NaNa 

Sodic  iodide  .     •     •     .     Nal 
Iodine II 


In  like  manner  the  alkaline  hydrates  and  such  bodies  as  hypochlorous  acid  may 
he  regarded  aa  compounds  intermediate  between  water  and  the  anhydrous 
oxides: 


1.  Water HHO 

2.  Potassic  hydrate  .     •     .     EHO 

3.  Potassic  oxide      .     .     .     EKO 


Water HHO 

Hypochlorous  acid     .     .     .    HCIO 
Hypochlorous  anhydride     .     CICIO 

So  also  hydric  potassic  sulphide  is  intermediate  between  sulphuretted  hydrogen 
and  dipotassic  sulphide. 

It  is  frequently  the  case  that  the  most  probable  inference  respecting  the 
magnitude  of  the  molecule  of  a  body,  the  vapour  density  of  which  cannot  be 
ascertained,  is  founded  upon  the  formation  of  such  intermediate  compounds. 
For  example,  it  is  inferred  that  the  molecule  of  ethylic  (or  ordinary)  ether 
cannot  be  lees  than  C^H^^O,  because  of  the  existence  of  methyl  ethyl  ether, 
which  is  a  compound  intennediate  between  ethyl  ether  and  methyl  ether : 


C,H. 
Ethyl  ether. 


2. 


Methjf  ethyl  ether. 


Methyl    " 


In  this  case  the  supposition  b  confirmed  by  the  vapour  density  of  the  compounds 
which  correspond  to  these  formulae. 

It  must  not,  however,  be  supposed  that  there  is  no  such  thing  as  direct  com- 
bination between  two  bodies :  the  molecules  of  compounds  irequently  exhibit  the 
power  of  uniting  in  this  manner,  in  which  case  the  number  of  molecules  of  the 
new  body  is  smaller  than  the. sum  of  those  of  its  components :  in  other  words, 
condensation  occurs.     When,  for  instance,  i  molecule  of  carbonic  oxide  and  i  of 


*  Sir  B.  Brodie  explains  this  phenomenon  by  a  difiPerent  hypothesis,  for  the 
devdopment  of  which  the  reader  is  referred  to  his  paper,  "  On  the  Calculus  of 
Chemical  Operations"  (Phil.  Trans.  1866,  781). 
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chlorine  nnite,  they  form  i  molecule  of  carbonic  oxychloride ;  CO  +  CI,,  yielding 
COCl,.  One  molecale  of  mercury  and  i  of  chlorine  yield  i  of  mercuric 
chloride ;  Hg  +  CI,  =  HgCl, ;  and  i  molecule  of  ethylene  and  i  of  bromine 
yield  i  of  ethylenic  dibromide ;  C,H^  +  Br,  =  C,H^Br,.  In  like  manner,  am- 
monia and  hydrochloric  acid  combine  directly ;  H3N  +  HCl  becoming  H^NCl. 
Nitric  oxide'  with  oxygen  forms  nitrogen  dioxide ;  NO  +  0  becoming  NO,. 

(1058)  In  order  to  explain  the  combination  of  the  elements 
with  one  another,  each  atom  of  every  element  is  supposed  to  have 
a  certain  definite  number  of  centres  of  attraction,  or  bonds  as  they 
have  been  called  by  Frankland,  by  which,  and  by  which  alone, 
it  unites  with  other  elements.  To  aid  in  giving  precision  to  our 
ideas,  these  bonds  or  points  of  attachment  may  be  represented 
graphically ;  and  this  has  been  done  in  various  ways,  the  most 
convenient,  perhaps,  being  to  write  the  symbol  of  the  element 
with  as  many  lines  attached  to  it  as  the  element  has  bonds. 

The  atom  of  a  monad,  such  for  example  as  hydrogen,  is 
assumed  to  have  but  a  single  such  bond,  which  is  indicated  by  a 
single  line,  thus,  H — ;  the  same  is  supposed  to  be  true  of  each 
monad,  the-  atom  of  chlorine  being  CI — ,  In  the  molecule  of 
hydrogen  H.,  as  it  exists  in  the  gas,  the  attraction  of  each  atom 
is  saturated  by  that  of  its  fellow,  thus,  H — H ;  and  the  same  is 
assumed  to  hold  good  in  the  molecule  of  other  elementary  monads^ 
such  as  gaseous  chlorine,  CI — ^Cl.  When  combination  occurs 
between  two  monads,  they  can  only  unite  in  one  proportion,  and 
a  single  molecule  of  one  element,  by  reacting  on  a  single 
molecule  of  the  other  element,  gives  rise  to  two  molecules  of  the 
compound:  H — H  +  Cl — CI  becoming  H — Cl  +  H — CI;  hence 
also,  no  monad  element  or  radicle  has  the  power  of  effecting  the 
union  of  two  or  more  monad  elements  or  radicles  into  one  poly- 
atomic molecule.* 

Each  atom  of  a  dyad  is  supposed  to  have  two  points  of  union. 
Consequently,  it  may  unite  with  each  of  two  atoms  of  the  same 
monad,  or  with  one  atom  of  two  different  monads,  or  it  may  form 
a  more  complex  group  by  uniting  with  other  dyads  in  various 
ways,  or  it  may  even  cause  the  union  of  several  compound 
radicles  of  more  or  less  simple  constitution  into  one  group  or 
compound  molecule. 

One  atom  of  oxygen,  for  instance,  may  unite  with  two  atoms 
of  hydrogen,  with  two  of  chlorine,  or  with  one  of  chlorine  and 


*  A  molecule  which  coneists  of  a  single  atom  is  called  a  monatomic  mole- 
cale, if  it  consists  of  two  atoms  diatomic,  and  if  of  three  triatomic.  Similarly, 
we  may  speak  of  monatomic,  diatomic,  triatomic  radicles,  and  so  on^  according  to 
the  number  of  atoms  they  contain. 
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one  of  hydrogen ;  or  it  may  unite  with  a  second  atom  of  oxygen, 
or  with  an  atom  of  some  other  dyad,  sych  as  zinc;  as  for 
instance : 

H^O— H    ;    a— O— CI    j     H— O— CI     ;     0=0    ;    0  =  Zn. 

Water.  Hypoehloroiu  anhydride.     Hypochlorooa  add.  Oxygen  gas.  Zinc  oxide. 

In  this  case  the  different  elements  are  represented  as  being 
so  united  that  both  the  bonds  of  the  dyad  are  saturated.  But, 
on  the  other  hand,  two  atoms  of  the  same  or  of  different  dyads 
may  be  supposed  to  be  so  united  that  only  one  of  tte  two  points 
of  union  is  saturated,  leaving  therefore  two  other  bonds  unsatu- 
rated and  ready  to  enter  into  combination  to  that  extent  with 
some  other  element  or  compound.  Such  a  union  would  give 
rise  to  a  dyad  diatomic  radicle  with  two  unsaturated  bonds,  such 
as  — 0—0—,  — S— S — ,  &c. 

In  the  case  of  a  triad  like  boron  or  gold  there  are  ^^Cl 
supposed  to  be  three  such  centres  of  attraction,  boric  -^ — CI. 
chloride,  for  example,  being  represented  by  the  formula,  \C1 
Combination  with  a  dyad  such  as  oxygen,  as  in  boric  anhydride, 
BjOj,  may  be  represented  thus:  0=B  — O— B  =  0. 

The  relation  of  the  tetrad  elements,  of  which  carbon  is  by 
&r  the  most  important,  are  somewhat  more  complex,  and  hence 
the  vast  variety  of  combinations  which  we  meet  with  among  the 
compounds  of  carbon.  Methane  or  marsh  gas,  CH^,  may  be  taken 
as  the  simplest  instance  of  a  saturated  molecule  containing 
carbon.  It  will  also  afford  a  good  illustration  of  the  effect  of  the 
removal  of  hydrogen  and  the  substitution  for  it  of  a  monad  such 
as  chlorine  in  monochloromethane  or  methylic  chloride,  CHgCl; 
a  monad  and  a  dyad  as  in  carbonic  oxychloride,  COCl^ ;  or  two 
dyads  as  oxygen  in  carbonic  anhydride,  COg,  or  sulphur  in 
carbonic  disulphide,  CS^ : 

H  H  O 

H— c— H     H— c— a     a— c— a     o=c=o    s=c=s 
I  I 

H  H 

meuiHv.  nwuv^iuviuutoiouuw.  oxychlotide.  anhydride.  diaaiphide. 

When  substances  are  formed,  into  the  composition  of  which  more 
than  one  atom  of  carbon  enters,  it  is  assumed  that  the  atoms  of 
carbon  are  riveted  together  by  partial  saturation.  If  the  pair  of 
atoms  be  united  by  single  bonds,  it  is  evident  that  the  group  C^ 
will   be  hexad  in  power.     Consequently,  if  ethylene  or  olefiant 
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gas^    C^H^  contaiDs  two    atoms   of  carbon  so  united^   it    will 
famish  a  radicle  of  dyad  power;  that  is  to  say^  as   indeed  is 
I       I        the   fact^  that    it    should   show   a 
— C — C—     readiness  to  unite  with  two  atoms 

'       '        of  some  monad,  such  as   chlorine,  j];    n 

when  it  forms   ethylenic    chloride  I       I 

H    H      CjH.Cljj.     Indeed  we   may  regard  Q— C— C— CI 

•       '        most  of  the  dicarbon   compounds  j£    jj 

I       I         as  formed  from  a  atoms  of  carbon  Ethylenic  chloride.* 
H    H       retaining  a  hexad  power^  thus : 

Ethylene. 

Ethane  or  ethylic  hydride    .     .     .     •  Cg^H^ 

Monochlorethane  or  ethylic  chloride     .  C^^HgCI 

Hexachlorethane Cg^Cl^ 

Aldehyd C/^H^ 

Chloral •     .  Cg^HCljO 

Acetonitrile Cg^N'^H, 

Cyanogen  gas  (Dicyanogen)  ....  C^^N'^g 

But  it  is  quite  possible  that  the  two  atoms  of  carbon  may  be 

united    by  two   of  their  bonds,   in   which   case   a      _p p_ 

tetrad  group  would   be  the  result ;   and  in  other      ~  ~  ^ 

instances  the  union  may  be  by  three  out   of  the   four  bonds, 

p p__  leaving  only  two  unsaturated  points.     In  the 

last  case,  by  their  union  with  two  atoms  of 

„     P=P IT     *  dyad,  a  molecule  like  acetylene,  C^Hj,  would 

Acet^cne.  ^^  *^®  rcsult.     Compounds  containing  3  atoms 

of  carbon  would  thus,  if  united  by  single 
bonds,  require  8  atoms  of  a  monad  to  complete  the  molecule ; 
with  4  atoms  of  carbon,  10  bonds  would  require  saturation ;  with  5 
atoms,  1 2  atoms  of  a  monad  would  be  needed ;  and  generally, 
if  n  represent  the  number  of  atoms  of  carbon,  the  number  of 
bonds  in  the  molecule  requiring  saturation  would  be  2n  +  2,  as 
will  be  seen  by  inspecting  the  subjoined  graphic  formulae : 

III  I       I       I       I  I       I       I       I       I 

-C— C— C-     ;     -C— C— C— C-     ;     ^C— C  ~C— C— C- 

III  I       I       I       I  I       I       I       I       I 

In  strict  correspondence  with  this  is  the  fact  that  no  compound 


•  It  is  Bcarcely  necessary  to  remind  the  reader  that  the  graphic  illustrations 
employed  to  aid  the  conception  are  not  intended  in  any  way  to  represent  the 
relative  position  of  the  atoms,  but  merely  to  show  whether  the  compound  is  a 
saturated  or  an  unsaturated  group  or  molecule. 
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of  carbon  and  hydrogen  is  known  in  which  the  number  of  atoms 
of  hydrogen  exceeds  this  proportion. 

(1059)  In  the  foregoing  remarks  no  notice  has  been  taken  of 
the  fact  that  the  valency  of  an  element  appears  to  vary  accordiag 
to  the  nature  of  the  element  or  elements  with  which  it  is  associated. 
Thus,  nitrogen^  phosphorus^  and  arsenic^  which  in  a  large  number  of 
their  compounds  are  triads — the  compounds  NH3,PCl3,PH3,  AsClg 
may  be  cited  as  examples — are  also  capable  of  entering  into  com- 
bination as  pentads ;  for  instance,  to  form  such  well  known  com- 
pounds as  PCI5,  NH^Cl,  etc.  Similarly,  iodine  which  appears  to 
be  a  monad  in  such  bodies  as  K{  id  a.  triad  inlClj^;  tin  in  certain 
of  its  compounds  is  apparently  a  dyad,  but  in  others  a  tetrad  ; 
and  sulphur  appears  even  to  be  capable  of  playing  the  part  of 
a  dyad,  tetrad,  or  hexad.  On  this  account,  the  elements  cannot 
be  strictly  classified  in  groups  according  to  their  valency.  It  has 
also  been  observed  that,  in  a  number  of  instances,  the  same  element 
apparently  enters  into  combination  either  as  a  dyad  and  triad, 
or  as  a  dyad,  triad,  and  tetrad,  etc.  There  is  reason  to  believe, 
however,  that  the  atom  of  those  elements  whose  valency  is  denoted 
by  an  even  number  (so-called  artiads)  cannot  enter  into  com- 
bination with  an  odd  number  of  atoms  of  a  monad,  or  the 
equivalent  amount  of  a  polyad  element ;  and  that  the  atom  of 
those  elements  whose  valency  is  denoted  by  an  odd  number 
(perUsatk)  cannot  enter  into  combination  with  an  even  number 
of  atoms  of  a  monad,  or  the  equivalent  amount  of  a  polyad 
element.  The  variation  in  valency  which  thus  apparently  takes 
place,  and  the  fact  that  the  same  element  may  seemingly  act  as 
an  artiad  and  perissad  is  explained  in  various  ways  : — 

First,  taking  Naquet's  rule,  it  is  supposed  that   the  highest 
known  compound  determines  the  valency  of  an  element,  and  that 
in  eadi  of  the  lower  compounds  two  of  the  bonds  neutralize  each 
other    (Frankland).     In    thallious    chloride    TlCl    for   instance, 
CTl — CI,  two   of  the  three  bonds  of  thallium  neutralize  each 
other,   whilst  in  the  rarer   instances,  as  when  thallic         yp, 
chloride  TlClj  is  formed,  each  of  the  three  bonds  is  satu-       /"^  p. 
rated  by  chlorine.     In  such  cases  of  partial  saturation      s~pi' 
of  the  atom   as  in  thallious  chloride,  the  other  bonds 
in    each    molecule   neutralize'  each  other  in  pairs ;  and  hence 
the  tendency  of  all    the   elements  to   preserve   their  mode   of 
combination,    either   always    with    an  odd    number    of    atoms 
of  a  monad,  or  else  always  with  an  even  number.     Every  element 
tends  to  form  one  particular  class  of  compounds,  which  are  more 
stable  than  any  other  series  into  the  formation  of  which  it  enters. 
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For  example^  tlie  stable  thallium  compounds  are  generally  those 
in  which  the  metal  appears  to  act  the  part  of  a  monad^  not  of  a 
triad;  corresponding,  that  is,  to  TlCl,  not  to  TICI3.  With  gold, 
on  the  contrary,  though  compounds  like  aurous  chloride,  AuCl, 
may  be  obtained,  the  most  stable  series  is  that  in  which  the  triad 
character  of  the  metal  is  distinctly  shown,  as  in  the  trichloride, 
AuClg. 

Again,  in  the  group  of  tetrads,  although  platinum  generally 
forms   compounds  on  the  type  of  platinic  p, 

CI  chloride,  PtCl^,  it  occasionally  forms  them  pp 

p,       ' ^p,      on  that  of  platinous  chloride,  PtClj,in  which      v  p, 

I  it  may  be  supposed  that  the  two  unsaturated 

CI  bonds    are    neutralized  by  reacting  one   against 

the  other.  Such  a  mode  of  representing  the 
formation  of  the  inferior  compounds  seems  to  be  suited  especially 
to  gaseous  compounds  like  carbonic  oxide  CC=0,  as  compared 
with  carbonic  anhydride  0==C=0 ;  where  the  specific  gravity 
of  the  gas  defines  distinctly  the  molecule  of  each. 

A  second  explanation  of  the  method  of  combination  in 
multiple  proportion,  which  is  admissible  in  certain  cases,  is  the 
following ; — It  is  supposed  that  in  the  lower  compounds,  such  as 
the  aurous  and  platinous  groups,  two  atoms  of  the  element  have 
partially  neutralized  each  other ;  for  instance,  aurous  chloride, 
AugClg,  may  be  represented  as  CI — ^Au=Au — CI,  and  platinous 

CI— Pt— CI 
chloride,  Pt^Cl^  as  II  .       On    this    view    it    becomes 

^    ^      CI— Pt— CI 

necessary  to  double  the  formula  ordinarily  employed  to  represent 
the  molecule. 

Upon  either  hypothesis  a  reasonable  explanation  may  be  given 
of  the  remarkable  cases  presented  where  the  same  element,  like 
iron,  seems  to  combine  with  the  monads  in  proportions  repre- 
sented by  both  odd  and  even  numbers. 

It  is,  however,  necessary  to  suppose  that  in  such  cases  as  those 
of  iron  and  the  other  metals  allied  to  it,  viz.,  cobalt,  nickel,  manga- 
nese, chromium,  uranium,  and  aluminum,  they  should  be  viewed  as 
tetrads.     K  this  be  granted,  the  ferrous  compounds,  Q 

such  as  fenrous  chloride,  may  be  represented  either    ^^ — ^® — CI 
as  FeClg,  where  two  of  the  bonds  neutralize  each  other;  or  as  FcgCL, 
where  the  two  atoms  of  iron  are  represented 
C*     Fe=Fe     CI     ^s  united  by  two  points  of  attraction.       In 
Ci      CI  ferric   compounds    (like    ferric   chloride,  of 

which    we    know    from    the    density  of   its 
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Taponr  that  the  molecule  cannot  be  less  than  that  indicated  by 
the  formula  Fcg^l^  each  atom  of  iron  in  the  molecule  must  be 
imited  to  its  fellow  by  a  single  bond  only^  as  represented  in  the 
diagram  below. 

A  similar  plan  would  be  supposed  to 
prevail  in  the  constitution  of  the  molecule 
of  aluminic  chloride,  the  density  of  which 
corresponds  with  the  formula  Alj'^Clg,  as 
well  as  in  the  case  of  the  analogous  body, 
chromic  chloride. 

According  to  Frankland's  view  sulphur  is  a  hexad^  and  in  the 
compounds  in  which  it  apparently  plays  the  part  of  a  dyad  or 
tetrad  one  or  two  pairs  respectively  of  the  bonds  saturate 
each  other.  The  compounds  SHg,  S^Cly  SO,,  SO^,  SO^Hj,  are  on 
this  view  represented  by  the  following  graphic  formulae : — 

H 

I 

O  O 

o  00  O  II  I 

H— S— H  a— S— S— Cl   o=s=o  o=s=o  o=s=o 

o  00  ^ 

I 
H 

Eekule  and  some  other  chemists  maintain^  however^  that  sulphur 

is  uniformly  a  dyad  and  represent  the  above  compoimds  by  the 

following  formulae : — 

H— s— H       a_s— s— a       o— s— o       o— s— o 


o 

H— O— O— S— O— O— H 

In  a  similar  manner  different  views  are  held  with  regard  to  the 
valency  of  several  of  the  other  elements. 

§  II.  Classification  of  Carbon  Compounds. 

(ic6o)  One  of  the  most  characteristic  differences  between 
carbon  and  the  other  elements  is  that  it  is  capable  of  uniting 
with  hydrogen  in  various  definite  proportions  to  form  a  great 
variety  of  compounds  termed  hydrocarbons.  These  are  of  great 
interest,  especially  from  a  theoretical  point  of  view^  since  all  carbon 
compounds  may  be  considered  as  derived  from  them  by  substi- 
tution^ either  directly  or  indirectly.  It  is  for  this  reason  that 
many  chemists  define  organic  chemistry  as  the  chemistry  of  the 
hydrocarbons  and  their  derivatives. 
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(1061)  I.  Hydbocabbons.-— Carbon  heing  a  tetrad  element,  its 
atom  is  capable  of  uniting  with  at  most  f(mr  atoms  of  hydrogen ; 
thns,  the  simplest  known  hydrocarbon,  containing  relatively  the 
smallest  amount  of  carbon  in  proportion  to  the  hydrogen,  is 
methane  or  marsh  gas,  which  has  the  composition  expressed  by 
the  formula  CH^. 

Methane  is  the  first  or  lowest  term  of  a  series  of  hydro- 
carbons of  gradually  increasing  complexity,  all  of  which  consist 
of  carbon  and  hydrogen  associated  in  the  same  proportion  as  in 
methane — namely,  that  expressed  by  the  general  formula,  0^1120+ 2 ; 
n  atoms  of  carbon  being  always  associated  with  an +  2  atoms  of 
hydrogen.  In  the  following  list  the  names  and  formulae  of  the 
first  ten  members  of  the  series  are  given  : — 

Methane CH^ 

Ethane CgH^ 

Propane ^s^g 

a^r^^^etrane C,H,, 

Pentane CgH^ 

Hexane ^e^^u 

Heptane ^7^1^ 

Octane CgH^g 

Nonane C^Hg^ 

Decane CjqHjj. 

It  will  be  observed  that  between  each  successive  term  in  this 
series  there  is  a  constant  difierence  of  CH^.  Bodies  which  are 
thus  related  to  one  another  are  said  to  be  homohgous  (from  *ofioc^ 
like ;  Xo'yoc,  a  word),  because  a  similar  description  is  applicable  to 
the  different  members  of  the  series,  since  they  are  not  only 
related  in  composition,  but  also  resemble  each  other  very  closely 
in  chemical  behaviour.  Substances  belonging  to  the  same  homo- 
logous series, however, generally  exhibit  a  certain  graduated  roi^AiioTi 
in  physical  properties,  such  as  boiling-point,  specific  gravity,  &c. 

The  hydrocarbons  of  the  methane  or  marsh-gas  series, 
CnHgn+2>  are  generically  termed  paraffins,  after  the  well-known 
wax-like  substance  paraffin,  which  is  principally  a  mixture  of  the 
higher  and  more  complex  members  of  the  series.  It  is  to  be 
remarked  that  the  paraffins  are  saturated  compounds 3  that  is,  they 
cannot  enter  directly  into  combination ;  they  are,  however,  capable 
of  yielding  derivatives  by  exchanging  one  or  more  atoms  of 
hydrogen  for  the  equivalent  quantity  of  another  element,  or  of 
one  or  more  of  the  groups  of  elements,  termed  compound  radicles. 

It  is  possible  to  remove  hydrogen  from  the  paraffins  by  certain 
known  methods,  and  thus  convert  them  into  unsaturated  hydro- 
carbons,  that  is,  hydrocarbons   which   are   capable    of   uniting 
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directly  with  some  of  the  elements^  notably  the  halogens.  It  is 
founds  however^  that  it  is  not  possible  to  obtain  hydrocarbons 
derived  firom  the  paraffins  by  the  removal  of  an  odd  number  of 
hydrogen  atoms ;  these  compounds^  in  fact^  do  not  appear  to  be 
capable  of  existing^  since^  in  all  reactions  where  their  formation 
might  be  expected^  we  obtain  a  compound  whose  molecular  formula 
is  double  that  which  would  be  assigned  to  such  a  hydrocarbon. 
Methane^  for  example^  when  treated  in  such  a  manner  as  to 
remove  one  atom  of  hydrogen  from  it,  does  not  yield  CHj,  but 
the  hydrocarbon  C^Hg,  which  may  be  regarded  as  being  formed 
by  the  union  of  CHj  with  CHg.  Whenever,  in  short,  the  hydro- 
carbons are  so  acted  upon  as  to  become  converted  by  loss  of 
hydrogen  into  hydrocarbons  containing  the  same  number  of 
carbon  atoms  in  the  molecule,  the  number  of  hydrogen  atoms 
eliminated  is  always  2,  or  some  simple  multiple  of  2.  From  this 
it  naturally  follows  that  the  number  of  hydrogen  atoms  in  the 
new  hydrocarbon  is  always  divisible  by  two.  A  series  of  hydro- 
carbons in  which  the  number  of  carbon  atoms  is  the  same,  but 
which  differ  by  Hjp  are  said  to  be  isoloffoua. 

The  following  is  a  list  of  the  isologous  series  of  hydrocarbons 
of  which  up  to  the  present  time  members  have  been  obtained  and 
investigated : — 

CnH2n+  s  or  Paraffin  series  of  hydrocarbons. 


CnH^, 

or 

define 

C.H^s 

or 

Acetylene 

CnH^-. 

or 

Terpene 

CnHgn-  6 

or 

Benzene 

C^Hg^g 

or 

Cinnamene 

CnHjn_iQ 

or 

Acetenylbenzene 

CnHg^^^g 

or 

Naphthalene 

CnH2„_14 

or 

Diphenyl 

CnHg^^lj 

or 

Stilbene 

CnHgn-is 

or 

Anthracene 

C„H^ 

or 

Benzylnaphthalene 

CnHga-sj 

or 

Pyrene 

CuHja^^j^ 

or 

Chrysene 

CnHgn.^ 

or 

Dinaphthyl 

CnHgn^go  or  Idrialene 


CnHgn^gj  or  Tetraphenylethylene      „ 

Several  of  these  isologous  series  of  hydrocarbons  have  only  a 
single  representative ;  others  contain  two  or  three  homologues.  t[^ 
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Few,  howeyer,  are  so  well  represented,  or  have  been  so  thoroughly 
investigated  as  the  paraffins,  of  which  i6  homologous  terms  are 
at  present  known,  besides  several  isomerides. 

(1062)  Halaid-derivaiives  of  the  hydrocarbons.  —  By  the 
direct  action  of  chlorine  or  bromine  on  the  hydrocarbons,  one  or 
more  atoms  of  hydrogen  may  be  displaced  by  an  equivalent 
quantity  of  the  halogen ;  thus  the  action  of  chlorine  on  methane 
gives  rise  to  mono-,  di-,  tri-,  and  finally  tetra-chloromethane  : 

CH^      CHja      CHgCi,      CHCI3      ca^. 

Similarly,  by  the  action  of  bromine  on  benzene,  C^Hg,  the  follow- 
ing series  of  bromobenzenes  is  produced : 

CgHgBr Bromobenzene. 

CgH^Brj, Dibromobenzene. 

CgHgBrg Tribromobenzene. 

CgHgBr^ Tetrabromobenzene. 

C^HBr^ Pentabromobenzene. 

CgBr^ Hexabromobenzene. 

The  liydrogen  in  the  hydrocarbons  may  also  be  indirectly  displaced 
by  iodine. 

These  haloid  derivatives  are  a  most  important  class  of  com- 
pounds, inasmuch  as  they  serve,  in  many  cases,  so  to  speak,  as 
stepping  stones  from  the  hydrocarbons  to  other  classes  of  bodies^ 
such  as  the  alcohols  and  acids ;  the  mono-haloid  derivatives  of 
the  paraffins  being  identical  with  the  so-called  haloid  ethers : 
thus  monochlorethane,  C^H^Cl,  and  ethylic  chloride  are  the  same 
substance. 

(1063)  Cyano-derivatives  of  the  hydrocarbons, — By  the  action 
of  metallic  cyanides  on  many  of  the  haloid  derivatives  of  the 
hydrocarbons,  more  particularly  the  iodo-derivatives,  the  cor- 
responding cyano-derivatives  are  produced  ;  thus  iodethane  when 
acted  upon  by  argentic  cyanide  is  converted  into  a  cyanoethane : 

CjHgl  +  AgCN  =  CjHgCCN)  +  Agl. 

(1064)  Nitro-derivatives  of  the  hydrocarbons. — In  some  cases 
the  direct  action  of  concentrated  nitric  acid  on  the  hydrocarbons 
effects  the  displacement  of  one  or  more  atoms  of  hydrogen  by  the 
monad  group  NO^,  giving  rise  to  nitro-compounds,  thus : 

C,H,  +  HNO3  =  C,H,.NO,  +  OH,. 

Bentene.  Nitrobenzene. 

C.H^.NO,  +  HNO,  =  C,H,  (NO^),  +  OH,. 

Nitrobenzene.  Dinitrobenzene. 

As  the   hydrocarbons  of  the  paraffin  series  an4  many  others 
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cannot  be  converted  into  nitro-derivatives  by  this  means^  other 
methods  most  be  resorted  to ;  thus  the  mononitro-paraffins  may  be 
prepared  by  the  mutual  action  of  the  iodo-derivatives  of  the 
hydrocarbons  and  ai^entic  nitrite  : 

C,H,I  +  AgNO,  =  C,H,.N03  +  Agl 

lodethane.  Nitroethaae, 

(1065)  ^^'  Alcohols. — ^The  alcohols  may  be  regarded  as  the 
hydroxyl  derivatiyes  of  the  hydrocarbons — that  is  to  say,  as 
derived  from  the  hydrocarbons  by  the  substitution  of  one  or 
more  OH  groups  for  the  same  number  of  hydrogen  atoms.  The 
alcohols  are  in  all  respects  the  analogues  of  the  metallic  hydrates^ 
and  may  frequently  be  obtained  &om  the  haloid  derivatives  of  the 
Iiydrocarbons  by  methods  which  are  similar  to  those  by  which  the 
metallic  hydrates  are  formed  from  the  metallic  chlorides^  &c. 
Thus  we  have^  for  example^ 

CgHj.OH  corresponding  to  NaOH 

Stbylie  hjdnte  (ordfittir  abohol).  fiodio  hjdnte. 

C,H,{OH),  „  Ca(OH), 

Stfaylenic  hjdnfee.  Caldc  h  jdrato. 

C,H,(OH),  „  Bi(OH), 

CfljeeriebydrKto  C^yeeriB).  Bismathio  hydrate. 

The  alcohols  are  appropriately  termed  monohydric,  dihydric, 
trikydric,  ^c,  according  to  the  number  of  semimolecules  of 
hydroxyl,  OH,  which  may  be  regarded  as  present ;  an  alcohol  con- 
taining one  OH  group  being  called  a  monohydric  alcohol,  if  it 
contains  two  such  groups  dihydric,  and  so  on.  Each  homologous 
series  of  hydrocarbons  appears  to  be  capable  of  yielding  a  cor- 
responding homologous  series  of  alcohols,  but  of  the  very  large 
number  which  are  theoretically  possible,  comparatively  few  are 
at  present  known.  The  monohydric  alcohols  derived  from  the 
paraffins  are  the  most  numerous  and  have  received  a  greater 
share  of  attention  than  any  others  ;  the  series  includes  several  well- 
known  substances,  such  as  ordinary  alcohol,  wood  spirit,  and 
amylic  alcohol  (fusel  oil).  Glycerin  again  is  a  trihydric  alcohol 
derived  from  the  third  term  of  the  paraffin  series  of  hydrocarbons, 
and  mannite  and  dulcite,  two  bodies  of  vegetable  origin,  are 
hexahydric  alcohols  derived  from  the  sixth  term  of  the  paraffin 
series,  being  intimately  related  to  that  most  important  group  of 
mUtances,  the  sugars.     Phenol^  moreover^  the  so-called  carboUc 
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acid,  is  the  monohydric  alcohol  of  benzene,  the  first  term  of  the 
C^Hg^^g  series  of  hydrocarbons. 

(1066)  Thio-alcohols  or  mercaptans.— These  bear  the  same 
relation  to  the  alcohols  that  the  metallic  sulphydrates  bear  to  the 
metallic  hydrates,  as  wiU  be  evident  from  the  following  examples: — 

Alcohols.  Thioalcohoto. 

CgHg.OH     Ethylic  hydrate.     C^Hg.SH  Ethylic  sulphydrate. 

CgHg.OH     Phenol.  CgHg.SH  Thiophenol. 

C3H4(OH)j  Ethylenic  hydrate.  C3H4(SH)3  Ethylenic  snlphydrate. 

CjHg^OHJg  Glyceric  hydrate.    CgHglSHJj  Glyceric  snlphydrate. 

XetaUio  hydrates.  KetoUic  solphydntM. 

NaOH         Sodic  hydrate.        NaSH  Sodic  snlphydrate. 

Ca(0H)3      Calcic  hydrate.        Ca(SH)3      Calcic  snlphydrate. 

(1067)  CMorhydrins,  BromhydrinSy  ifc.  —  Certain  haloid 
derivatives  of  the  hydrocarbons  are  converted  by  more  or  less 
prolonged  heating  with  water  into  corresponding  alcohols ;  tri- 
chloropropane,  for  example,  may  thus  be  converted  into  glycerin  : 

C3H5CI,  +  3OH,  =  C,H5(0H),  +  3HCL 

Trichloropropane.  Glycerin. 

Many  of  the  alcohols  on  the  other  hand  when  heated  with  the 
haloid  acids  in  concentrated  aqueous  solution,  undergo  a  change 
which  is  of  the  reverse  order.  Thus  when  glycerin  is  heated 
with  hydrochloric  acid  it  is  acted  upon  in  the  manner  indicated 
by  the  following  equations : 

C.HjCOH),  +  Ha  ^  C,H,Cl(OH)g  +  OH^; 

Glycerin.  Monochlorhydrin. 

C,H,Cl(OH)j  +  Ha  =  CsH,a,(OH)  +  OHg. 

Honoehlorhydrin.  Dlchlorhydrin. 

The  term  chlorhydrins  or  bromhydrins  is  applied  to  the  bodies 
formed  in  this  way  from  the  polyhydric  alcohols  in  which  one  or 
more  of  the  hydroxyl  groups  of  the  original  alcohol  still  remain 
intact.  The  term  has,  however,  in  one  or  two  cases  been  im- 
properly applied  to  the  haloid  derivative  formed  by  the  displace- 
ment of  all  the  hydroxyl  groups  in  an  alcohol  by  chlorine  or 
bromine,  for  example,  the  compound  trichloropropane,  CgHgCl^, 
derived  from  glycerin,  is  commonly  known  as  trichlorhydrin.  It 
is  evident  that  the  monohydric  alcohols  cannot  yield  chlorhydrins, 
since  they  only  contain  one  OH  group;  they  are  consequently 
converted  by  the  action  of  the  haloid  acids  into  mono-haloid 
derivatives  of  the  corresponding  hydrocarbons. 

The  chlorhydrins  and  bromhydrins   are  as  a  matter  of  fact 
simply  the  chlorinated  and  brominated  derivatives  of  alcohols  of 
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bwerhjdricity  than  the  parent  alcohol.  Thus  the  dichlorhydrin 
of  glycerin,  a  trihydric  alcohol^  is  the  dichlorinated  derivative  of 
the  monohydric  propylic  alcohol^  as  is  shown  by  its  conversion 
into  that  alcohol  when  acted  upon  by  nascent  hydrogen : 

CjH.CVOH  +  2H3  =  C3H7.OH  -f  :jHa. 

Diehlorbydrto.  Propjlio  aleohoL 

(1068)  m.  Ethers. — The  ethers  are  a  class  of  compounds 
which  bear  precisely  the  same  relation  to  the  alcohols  that  the 
metallic  oxides  bear  to  the  metallic  hydrates : — 

Alcoholfl.  Ethen. 

CjHj.OH     Ethylic  alcohol.       (03115)20     Ethylic  oxide. 
CjH^(OH)3  Ethylenic  alcohol.    C^H^O         Ethylenic  oxide. 
CjHj(OH)^  Glyceric  alcohol.      {C^T^^)20^  Glyceric  oxide. 

MetaUio  h7dntes.  MeUUic  oxides. 

NaOH  Sodic  hydrate.         Na^jO  Sodic  oxide. 

Ca(OH)j       Calcic  hydrate.        CaO  Calcic  oxide. 

Bi(OH)3       Bismuthic  hydrate.  Bi^Oj  Bismuthic  oxide. 

It  will  be  seen  later  on  that  not  only  are  the  methods  by  which 
it  is  possible  to  convert  the  alcohols  into  the  corresponding  ethers 
analc^ous  to  those  which  may  be  employed  in  the  preparation  of 
the  metallic  oxides  from  the  metallic  hydrates^  but  that  they  also 
bear  considerable  resemblance  to  the  metallic  oxides  in  chemical 
behaviour.  For  example^  many  of  them  are  readily -^converted 
into  the  corresponding  alcohols  when  heated  with  watCT  just  as 
under  similar  conditions,  the  metallic  oxides  are  converted  into 
hydrates : 

(C,H,),0     +     OH,     =     aC,H,.OH. 

Ethylic  oxide.  Ethylie  aloohoL 

Na^O     +      OHj.     =     aNaOH. 

(1069)  Thioethers. — ^These  bear  the  same  relation  to  the 
ethers  that  the  thioalcohols  do  to  the  ordinary  alcohols :  they  are 
the  analogues  of  the  metallic  sulphides : 

TUoethera.  Ketallio  milpbidet. 

(CgH5)3S  Ethylic  sulphide  Na^S  Sodic  sulphide. 

(CgH  j,S  Phenylic  sulphide 

CjH^S       Ethylenic  sulphide        CaS     Calcic  sulphide. 

(1070)  IV.  Aldehydes. — ^The  aldehydes  are  the  characteristic 
oxidation  products  of  the  so-called  primary  alcohols^  and  are 
formed  from  the  latter  by  the  removal  of  hydrogen.  This  may 
he  regarded  as  taking  place  in  such  a  manner  that  the  monad 
groupj  CHj.OH,  which  is  common  to  all  the  primary  alcohols,  is 
thereby  converted  into  the  group  (COH)' ;  so  that,  if  the  primary 
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alcohols  be  represented  by  such  general  formuI»  as  R'(CH2.0H), 
E''(CH2.0H)g,  &c.,  the  corresponding  aldehydes  will  be  repre- 
sented by  the  formula  R'.COH,  R''(COH)j,  &c.  The  aldehydes 
may  therefore  be  regarded  as  hydrocarbon  derivatives  formed  by 
the  displacement  of  hydrogen  by  the  monad  groups  COH. 

They  are  readily  reconverted  into  the  corresponding  primary 
alcohol  by  the  action  of  nascent  hydrogen : 


R'(COH) 
CH,.COH 

+ 
+ 

H, 

=     RXCHs-OH) 
=     CH,.CHjOH 

A4seUc«ldehfde. 

BthjUo  11001x4. 

With  the  exception  of  a  few  aldehydes  of  the  form  R''(COH)jp 
all  those  at  present  known  have  been  derived  from,  or  cor- 
respond to,  the  primary  monhydric  alcohols  which  have  the  form 
R'{CH3.0H).  The  best  known  are  the  homologous  aldehydes  of 
the  acetic  and  benzoic  series,  C^H2m.i(C0H)  and  CnHan„7(COH). 
Considerable  interest  attaches  to  this  class  of  bodies  from  the 
numerous  and  interesting  reactions  in  which  they  take  part. 

(1071)  V.  Acids. — Even  at  the  present  time  the  name  ''acid'* 
is  given  in  a  very  inconsequent  manner  to  a  large  number  of 
substances  which  have  been  shown  to  belong  to  totally  distinct 
classes  of  compounds.  In  the  case  of  the  carbon  compounds, 
however,  chemists  are  beginning  to  appreciate  the  importance 
of  precision  in  nomenclature,  and  to  class  as  true  acids  only  those 
compounds  which  behave  similarly  under  certain  test  conditions. 

Bodies  are  ordinarily  said  to  be  acids,  or  to  have  acid  properties, 
if  they  are  capable  of  yielding  so-called  metallic  salts  when  acted 
upon  by  the  metallic  hydrates.  There  are  many  substances, 
however,  such  as  phenol  and  alcohol,  which  possess  this  property, 
so  that  the  capability  of  exchanging  hydrogen  for  a  metal  is,  if 
taken  alone,  an  altogether  insufficient  criterion. 

All  the  true  acids,  with  which  we  are  at  present  acquainted, 
may  be  included  in  one  or  other  of  the  following  groups : — 

(107a)  a.  Carboxylic  or  Carbo-Acids. — When  the  aldehydes  are 
carefully  oxidized  they  unite  with  an  amount  of  oxygen  equivalent 
to  the  amount  of  hydrogen  removed  in  their  formation  from  the 
primary  alcohols,  and  are  converted  into  acids ;  for  example  : 

C,H,0     -     H,     =     CjH.O 

EtbTlicaloohoL  Aldefajdeu 

CgH.O     +     O       =     CjHPj 

Aldahjde.  Aoetio  acid. 

These  acids  are  also  formed  by  other  methods  besides  that 
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just  described^  and  a  consideration  of  these  and  of  tlie  behaviour 
of  the  bodies  when  submitted  to  the  action  of  various  reagents^ 
have  led  chemists  to  the  conclusion  that  just  as  the  group 
(CHj.OH)'  may  be  regarded  as  common  to  the  primary  alcohols^ 
and  the  group  (COH)'  as  common  to  the  aldehydes^  so  the  group 
earboxyl  (CO.OH)^  may  be  regarded  as  common  to  all  acids  which 
exhibit  the  behaviour  of  the  acids  derived  from  the  primary 
alcohols  by  oxidation.  The  carboxylic  acids  may  accordingly  be 
represented  bysuch  general  formula  a8R'(CO.OH)',  R''(CO.OH)'2, 
R'"(CO.OH)'s,  &c.  They  form  a  most  important  group  of 
carbon  compounds^  the  greater  number  of  the  so-called  organic 
acids  at  present  known  being  carboxylic  acids. 

(1073)  *•  Sulphonic  or  Sulpho-Acids. — It  is  evident  that  the 
group  CO.OH  may  be  viewed  as  formed  from  dibasic  carbonic 
acid  CO{OH)jp  by  the  removal  of  OH.  The  presence  of  the 
group  SOj.OH^  which  has  the  same  relation  to  sulphuric  acid^ 
SO^COH),,  as  the  group  CO.OH  has  to  carbonic  acid,  COCOH)^, 
may  be  regarded  as  characteristic  of  the  sulphonic  acids  or  sulpho- 
acids,  which  are  an  important  class  of  compounds.  They  are 
usually  formed  by  the  action  of  sulphuric  acid  on  the  hydro- 
carbons, &C.,  and  are  represented  generally  by  such  formulse  as 
B'(SOyOH),  R''(S03.0H)y  &c. 

(1074)  c.  Sulphinic  Acids. — A  few  acids  have  been  obtained 
of  the  form  R'(SO.OH),  R''(S0.0H)3,  derived  from  sulphurous 
acid  in  the  same  way  that  the  sulphonic  acids  are  derived  from 
sulphuric  acid.  They  may  be  termed  sulphinic  acids.  They  arcj 
however,  of  little  interest^  except  from  a  theoretical  point  of  view. 

(1075)  d.  Phosphonic  Acids. — The  relation  of  these  acids  to 
phosphoric  add  will  be  evident  on  inspection  of  the  following 
formul® : 

PO(OH)3         ;  R'.PO(OH)3  ;  RVPO{OH) 

PlKwphorie  add.  Phoephonio  adds. 

A  very  limited  number  of  such  acids  have  as  yet  been  obtained. 

As  previously  mentioned^  there  are  various  compounds  which 
are  frequently  classed  with  the  true  acids,  because  they  resemble 
them  to  a  certain  extent  in  their  chemical  behaviour,  although 
their  method  of  formation  and  the  action  of  certain  reagents  on 
them  show  that  they  really  belong  to  a  different  class  of 
compounds. 

The  principal  derivatives  furnished  by  the  carbo- acids  are 
metallic  salts,  haloid  salts,  ethereal  salts,  acid  chlorides,  bromides, 
gad  iodides,  acid  amides,  and  haloid  derivatives. 
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(1076)  Metallic  Salts. — One  of  the  most  characteristic  pro- 
perties Trhich  the  acids  possess  is  that  of  forming  metallic  salts 
when  submitted  to  the  action  of  metallic  carbonates,  the  change 
consisting  in  the  displacement  of  one  or  more  hydrogen  atoms  in 
the  acid  by  the  equivalent  amoimt  of  a  metal.  It  is  found  that 
the  maximum  number  of  atoms  of  hydrogen  thus  displaceablCi 
or,  as  it  is  termed,  the  basicity  of  the  acid,  is  in  direct  relation 
to  the  number  of  COOH  groups  present  in  it;  so  that  if  an 
acid  contains  the  carboxyl  group,  COOH,  once  it  is  said  to  be 
monobasic,  if  twice,  dibasic,  and  so  on.  Those  salts  which  are 
formed  from  the  acids  by  the  displacement  of  the  maximum 
number  of  hydrogen  atoms  by  metal  are  termed  normal  salts, 
whilst  those  salts  which  are  formed  by  the  displacement  of  a  part 
only  of  the  hydrogen  are  called  acid  salts.  The  composition  of 
the  normal  salts  of  the  monobasic,  dibasic,  and  tribasic  acids  is 
represented  by  the  general  formulae : 

R'(CO.OM0     ;     R''(CO.OM03     ;     R'''(CO.OM08, 
where  M  is  a  monad  metal ;  the  composition  of  the  acid  salts  of 
dibasic  and  tribasic  acids  containing  monad  metal  being  repre- 
sented by  the  formulae : 


[CO(OH)      . 
CO(OM0     ' 


CO(OH)  fCO(OH) 

CO(OH)      ;      R'''  CO(OM0     . 
CO(OM0  [CO(OMO 

The  normal  salts  of  many  of  the  monobasic  acids  also 
furnish  so-called  acid  salts  of  the  form  R'.CO(OM0,  R'.CO(OH), 
such  as  the  compound  of  acetic  acid  with  potassic  acetate, 
CHg-COOK,  CH3.COOH ;  whilst  the  union  of  a  normal  salt  with 
one  or  more  molecules  of  metallic  oxide  produces  a  so-called 
basic  salt,  of  which  the  basic  plumbic  acetates  — (CgH30j)2Pb,PbO 
and  (C2H30g)3Pb,aPbO — may  serve  as  examples. 

(1077)  Haloid  Salts. — A  haloid  salt  may  be  regarded  as  a 
normal  metallic  salt  in  which  the  metal  is  displaced  by  the 
equivalent  quantity  of  a  halogen.  Comparatively  few  of  these 
compounds  are  at  present  known.  Schiitzenberger,  however,  has 
described  the  following,  which  are  derivatives  of  acetic  acid : 

Chlorine  acetate CH3.C0(0C1). 

Bromine      „  CHyCO^OBr). 

Iodine  „  (CH3.COj)3r''. 

The  first  two  of  these  are  the  analogues  of  sodic  acetate, 
CH3.C0(0Na),  whilst  the  third  is  the  analogue  of  bismuthic 
acetate,    (CHj.COj^jBi'''.     These    haloid   salts,   which  are  very 
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unstable  compounds,  are  never  obtained  by  the  action  of  the 
lialogens  on  the  acids. 

(1078)  Ethereal  Salts. — These  bodies,  which  are  sometimes 
called  compound  ethers,  are  related  to  the  alcohols  in  the  same 
way  that  the  metallic  salts  are  to  the  metallic  hydrates,  and  may 
consequently  be  regarded  as  formed  from  the  acids  by  the  dis- 
placement of  H  in  the  COOH  group  by  the  so-called  positive 
alcohol  radicles — ^thus  : 

CH,.COOH        +     NaOH      =     CHj.COONa     +    OU^. 

Aeetieadd.  Sodiohydnto.  Sodie  acetate. 

CH3.CO(OH)     +     C3H5.OH     =     CHg.COlOCjHg)    +     OH^ 

Acetic  acid.  Ettijlio  hydrate.  EthyUo  acetate. 

Normal  and  acid  ethereal  salts  exist  corresponding  to  the  normal 
and  acid  metallic  salts. 

(1079)  Acid  Chlorides,  Bromides,  and  Iodides. — These  com- 
pounds are  the  characteristic  products  of  the  action  of  the  haloid 
phosphorus  compounds  on  the  acids  or  their  metallic  salts.  They 
are  formed  by  the  displacement  of  OH  in  the  COOH  group  by 
chlorine,  bromine,  or  iodine  : 

SCHyCOCOH)  +  PCI,     =     3CH3.COCI  +  PO3H3. 

Aoetio  add.  Acetie  chloride. 

C,H^(CO.OH),  +  aPa^     =     CjH.lCOCl),  +  aPOClj  +  2HCI. 

Soeoinie  add.  Saodnio  chloride. 

(1080)  Acid  Amides. — This  name  is  applied  to  a  class  of 
compounds  formed  by  the  action  of  ammonia  on  the  acid  chlorides, 
or  the  normal  ethereal  salts,  and  also  by  distillation  of  the  normal 
ammonic  salts  of  the  acids.  We  may  consider  them  as  formed 
from  the  acids  by  the  displacement  of  OH  in  the  COOH  group 
by{N'''H^': 

CH,.COa  +  aNHj        =     CHj.COCNHj^  +  NH^Cl 

Aeetle  ehlorida.  Aoetamlde. 

CHs.COCOCjHj)  +  NH3     =     CH3.C0(NHs,)  +  C^Hg.OH. 

EUiflfe  acetate. 

CHyCOCONHJ  =     CH3.C0(NH^  +  OH,. 


The  so-called  amic  acids  and  acid  imides  are  closely  related 
to  the  acid  amides.  The  nature  of  the  relationship  will  be 
evident  from  the  following  formulae  : 
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Acid 
Amic  acid 


C,H, 


C,H, 


iCO(OH)  Succinic  acid.' 

com).  ^'""^'^'''  *'^- 


Add  amide 


Acid  imide 


C,H, 
C,H, 


^^\.^^^.   Succinamide. 
|CO(NHjj)  ^"^*'*"""""^- 

CO) 

p^[NH  Succinimide. 

(1081)  Haloid  derivatives  of  the  acids. — By  the  action  of  chlo- 
rine or  bromine  on  the  acids  one  or  more  atoms  of  hydrogen  may  be 
displaced  by  the  haloid,  giving  rise  to  comparatively  stable  haloid 
derivatives,  e.g.  : 

+  HCL 

+  Ha. 


HCL 


Like  the  original  acids  these  haloid  derivatives  are  capable  of 
yielding  metallic  and  ethereal  salts,  acid  chlorides,  acid  amides.  Sec. 

Almost  all  the  foregoing  remarks  on  the  carbo-acids  apply 
generally  to  the  sulphonic  acids.  As  but  few  of  the  sulphinic  and 
phosphonic  acids  are  at  present  known,  it  will  be  better  to  con- 
sider their  characteristic  properties  when  the  individual  compounds 
are  described. 

(J082)  VI.  Acid  Anhydrides. — These  compounds, which  may 
generally  be  obtained  by  the  action  of  the  acid  chlorides  on  the 
acids,  bear  the  same  relation  to  the  acids  that  the  ethers  do  to 
the  alcohols : — 


CHj.COOH 

AoetUtaeU. 

+ 

CI, 

= 

CH3a.C00H 

Monocblonwetioacid. 

CH,C1.C00H 

VODOObloiWMtiC  uid. 

+ 

CI, 

= 

CHC1,.C00H 

CHC1,.C00H 

DkUonoeUc  Kid. 

+ 

CI, 

= 

CClj-COOH  + 

CHj.CO(OH) 


O 


Acetic  acid. 


CA 


CO(OH) 
CO(OH) 

Saocinio  add. 


CH,.CO) 
CHj.CO 

Acetic  anh  jdride. 
Succinic  anhydride. 


C,H5.0H 

Aloobol. 
Ethylenic  alcohoL 


c,hJ 

SQur. 


o. 


C,H,0. 


EChjlenic  oxide 
or  ether. 


They  are  reconverted  into  acids  by  the  action  of  water. 

(1083)  VII.  Ketones. — The  ketones  or  acetones  are  a  class 
of  compounds  closely  related  to  the  aldehydes,  and  may  be 
regarded  as  derived  from  them  by  the  displacement  of  H  in  the 
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COH  group  by  the  so-called  positive  alcohol  radicles ;  thus  we  have 
CH5.C0(CH,)    derived  from     CH,.COH 


Dlmethylketone. 

C,Hj.CO(CH,) 

Mcihylphenyl  ketone. 


Aldehyde. 

CjHj.COH 

Benzoic  aldehjde. 


AltLougli  the  ketones  closely  resemble  the  aldehydes  in  many 
respects^  they  may  be  distinguished  from  them  by  their  beha- 
viour with  oxidizing  agents;  the  aldehydes  yielding  an  acid 
containing  the  same  number  of  carbon  atoms  as  the  original 
compound^  whilst  the  ketones  are  converted  into  acids  containing 
fewer  atoms  of  carbon  in  the  molecule  than  the  original  ketone. 

(1084)  VITI.  Amines  and  Allied  Compounds. — ^The  com- 
pounds included  in  this  most  important  class  are  generally 
regarded  as  derivatives  of  ammonia  in  which  a  part  or  the  whole 
of  the  hydrogen  is  displaced  by  hydrocarbon  groups^  or  so-called 
positive  alcohol  radicles.  They  are  known  as  manamineSf  diamines, 
or  triamines,  according  as  they  are  derived  from  a  single  mole- 
cule, two  molecules,  or  three  molecules  of  ammonia.  Moreover, 
primary,  secondary,  and  tertiary  monamines,  diamines,  and 
triamines  are  distinguished ;  the  primary  amines  being  formed 
by  the  displacement  of  one-third,  the  secondary  amines  by  the 
displacement  of  two-thirds,  and  the  tertiary  amines  by  the  dis- 
placement of  the  whole  of  the  hydrogen  in  the  one,  two,  or  three 
molecules  of  ammonia,  as  the  case  may  be.  A  few  compounds 
intermediate  in  comppsitiou  between  the  primary  and  secondary 
and  secondary  and  tertiary  amines  are  also  known.  The  com- 
position of  the  more  general  forms  of  amines  is  given  by  the 
following  general  formulse,  in  which  the  symbols  R',  W,  "Rf", 
indicate  respectively  a  monad  dyad,  and  triad  radicle : — 

Secondary. 


fE"        fE"        (■&'"        fE"         (E" 

nJ  e"  nJ  e',  nJ  e'.  nJ  e-;  nJ  e'. 
(h.      (h.      (h       Ie"      (e. 


nJe'. 
(h. 


E"' 
E'" 
E'" 


"■{I 
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The  primary  amines  may  also  be  regarded  as  amidogen  (NH^) 
derivatives  of  the  hydrocarbons — that  is  to  say,  as  formed  from 
the  hydrocarbons  by  the  displacement  of  one  or  more  atoms  of 
hydrogen  by  the  same  number  of  monad  NHg  groups.  For 
example,  aniline  may  be  represented  either  as  derived  from 
ammonia,  NH3,  by  the  displacement  of  one  of  the  hydrogen 


atoms  by  the  radicle  phenyl,  C^Hg,  thus  :  N 


H      (phenylamine), 


IC.H. 


or  as  derived  from  benzene,  C^Hg,  by  the  displacement  of  the 
hydrogen  atom  by  the  monad  amidogen  group  NHg,  thus : 
C^H5(NH3)'  (arnidobenzene). 

The  amines,  as  a  rule,  combine  directly  with  the  acids  to 
form  substituted  ammonium  salts,  from  which  the  amine  can  again 
be  liberated  on  the  addition  of  an  alkali.     Thus  : 

CgHgNH,  +  HCl  =     C^Hg.NHja. 

Etiiylamine.  EthjUunmonic  chloride. 

C^Hj-NHjCl    +    KOH     =     CgH^-NHj    +    KCl     +    OH,. 

Bthylammonio  ohloride.  EthylamiiiA. 

Or  generally 

W.WU^  +  Ha     =     R'.N^HjCl. 
R'.N^HgCl  +  KOH     =      R'.N";Hj,  +  KCl  +  OH^. 

The  diamines  and  triamines  can  combine  respectively  with  at 
most  two  and  three  molecules  of  a  monobasic  acid :  many,  how- 
ever, do  not  unite  with  so  large  a  proportion  of  acid. 

Many  of  the  tertiary  amines  combine  directly  with  the  haloid 
hydrocarbon  derivatives,  such  as  ethylic  iodide,  C^Hgl,  and 
ethylenic  bromide,  CgH^Brg,  thus : 

N(C<,H,)3  +  C,H,I     =       N(C,H,),L 

Tricthylamine.  Tetrethylammonio  Iodide. 

When  the  compounds  so  produced  are  treated  with  moist  argentic 
oxide  the  halogen  is  replaced  by  OH,  and  bodies  are  obtained 
which  may  be  regarded  as  derivatives  of  ammonic  hydrate, 
NH^.OH: 

aNCC^H^),!  +  Ag^O  +  OH3    =    aNCC^HJ^OH  +  2Agl. 

Tetrethylammonio  iodide.  Tetrethylommonio  hydrate. 

These  compounds  closely  resemble  ammonic  hydrate  and  the 
alkaline  hydrates  in  chemical  behaviour,  precipitating  the  various 
metals  from  their  solutions  as  hydrates,  &c. 

Bodies    corresponding   to  the  amines   have    been    obtained 
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contaimng  phosphoras^   arsenic^   or    antimony  in  place   of  the 
nitrogen. 

(1085)  IX.  Organo-Metallic  Compounds. — ^These  are  con- 
Teniently  regarded  as  compounds  of  the  metals  with  monad 
hydrocarbon  groups^  the  so-called  positive  alcohol  radicles.  The 
following  is  a  list  of  some  of  the  principal  members  of  this 
class  of  compounds : 

Zn(CH3)5,  Zinc  methyl  or  Zincic  methide. 

Zn{C^Il^^  „     ethyl  „  „      ethide. 

^s{^9^i}%  Mercury  ethyl  „  Mercuric  ethide. 

HglCgHj)^  „         phenyl  „  „       phenide  . 

HgvCij,H^)g  •  „         naphthyl  „  „       naphthide 

BilCgHg)^  Bismuth  ethyl  „  Bismuthic  ethide 

Pb(C3H5)^  Lead  ethyl  „  Plumbic  ethide. 

SnCCgHg)^  „  Stannous  ethide. 

Sn(C3H5)^  „  Stannic  ethide. 

Sn3(CjH5)j  „  Distannic  hexethide. 

In  addition  to  the  substances  which  may  with  certainty  be 
referred  to  one  or  other  of  the  above  well-defined  classes^  there 
are  many  compounds  which  exhibit  the  distinctive  characters  of 
more  than  one  class  :  lactic  acid,  CjH^(OH).COOH,  for' 
example^  may  be  said  to  be  both  acid  and  alcohol^  exhibiting^  as 
it  does,  the  properties  of  both  classes  of  compounds.  Again,  the 
compound  C0H^(NH2).COOH,  amidobemoic  acid,  is  at  the 
same  time  amine  and  acid:  for  like  all  bodies  which  contain 
the  CO.OH  group,  it  is  capable  of  yielding  a  series  of  metallic 
salts,  and  like  the  amines  it  is  also  capable  of  combining  with 
acids.  It  will  be  unnecessary  to  form  special  classes  to  include 
such  compounds,  as  they  may  be  most  conveniently  arranged  as 
subsidiary  groups  derived  from  the  members  of  the  primary 
series.  Thus  the  acids  like  lactic  acid  are  most  conveniently 
treated  as  monoxy-derivatives  of  the  acids  of  the  acetic  series,  and 
bodies  such  as  amidobenzoic  acid  as  amido-derivatives  of  the 
acids  of  the  benzoic  series. 

The  simple  nature  of  the  relation  between  the  corresponding 
terms  of  the  heterologous*  series  above  defined  will  be  better 
appreciated  on  inspection  of  the  table  given  on  pp.  64,  65,  in  which 
the  dificrent  classes  of  compounds  are  so  arranged  that  all  those 
bodies  which  are  placed   in   the  same  vertical  column  are  homo- 


*  From  mpos  different,  and  \6yos — a  term  applied  to  bodies  whichi  although 
'\j  related  to  one  another,  have  a  different  oonstitution. 
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logous^  or  similar  in  constitution ;  whilst  those  which  are  placed 
in  different  columns  are  heterologous  or  dissimilar  in  constitution 
and  in  chemical  characters. 

Table  to  Illustrate  the  Arrangement  of 


Hydrocar- 

Monohaloid* 

Amines. 

Alcohols. 

Ethers. 

bons. 

derivatives. 

CnH,B^|. 

C«Hj.+iCL 

CHjn+i-NH^ 

C.H,.+i  .OH. 

CnHm+i.SH. 

(C.H^+0.0. 

1.  OH. 

2.  C,H, 

CH,01 

c,H,a 

CHj.NH- 

CH..0H 
CjH,.OH 

CH,.SH 
CASH 

(CHL),0 

(cA).o 

4.  0^,0 

CjHyOl 
0,H,C1 

CjH^.NH, 
clH^.Nrf, 

CjHy.OH 
C,H,.OH 

C,H,.8H 
C.H.SH 

(C,H0,O 
(0,H,)O 
(C,H,i).0 

5.  o;h„ 

C.H.jCl 

C,H,,.OH 

C,H„  SH 

6.  C,H,4 

c.H„a 

C.H.,.NH, 

C.H„.OH 

C.H„.SH 

7.  C,H„ 

c,h;.ci 

G,H,..OH 

8.  c  H ; 

C,H„C1 

C.H,,.OH 

9.0.^ 
10.  0,aH„ 

C.oH,,Cl 

C,H„.OH 
C,oH„.OH 

§  m.  Theory  op  Compound  Badicles. 

(1086)  Liebig  explained  the  similarity  in  properties  between  the 
terms  of  homologous  series  by  supposing  th£  existence  in  each,  of  a 
certain  group  of  elements  which  he  regarded  as  the  radicle  of  the 
series.  In  fact,  he  made  the  theory  of  compound  radicles,*  as  it 
is  termed,  the  basis  of  his  classification,  and  defined  organic 
chemistry  to  be  the  chemistry  of  compound  radicles.  Accord- 
ing to  this  supposition,  the  basis  of  each  ether,  for  example,  is  a 
hydrocarbon,  from  which  all  the  heterologous  bodies  of  the  series^ 
or  bodies  not  analogous  in  composition  are  derived ;  thus : 


Compound  Badicle, 

Methyl  .  .  . 
Ethyl.  .  .  . 
Amyl .... 


CH. 
C.H. 


Mher  or  Oxide  of  the  Radicle. 

Methylic  ether  .  (CHJ.O 
Ethylic  ether  .  (C,H j,0 
Amylio  ether       .     (C,H  J,0 


Alcohol,  or  Hydrated  Oxide, 

Methylic  alcohol  (wood  spirit)  .     .     .     CH, .  OH 

EihyUc  alcohol  (alcohol) C,H,.OH 

Amylic  alcohol  (fusel  oil)     ....     C^H^^ .  OH 


*  The  German  term  radikal  (from  the  Latin  radix,  a  root)  is  commonly, 
W  inaccurately,  translated  radical,  which  is  properly  an  adjective,  the  word 
radicle  being  the  appropriate  rendering.  A  radicle  may  consist  of  a  single 
elementary  atom,  and  it  then  forms  a  simple  radicle ;  or  it  may  consist  of  a 
group  of  atoms,  in  which  case  it  constitutes  a  compound  radicle.   _  , 
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According  to  this  theory  each  simple  ether  is  the  oxide  of  the 
electro- positive  hydrocarbon  which  forms  the  radicle  of  the  series ; 
the  corresponding  alcohol  is  the  hydrated  oxide  of  the  same  radicle^ 

Heterologous  Compounds  in  Homologous  Series. 


'  niioetlien. 

Aldehydes. 

Ketones. 

Acids. 

ADhydrides. 

Organe-metaliic 
compouuds. 

(CH^VS- 

C„H,o+j.C0H. 

(C«H,.+,)aCO 

C„H3„+jC0(0H) 

(CnH^+,CO),0 

(C»tt,„+,)^n. 

CHj.COH 
C^..COH 

(CH,),CO 

CH,.CO(OH) 

C,H,.CO(OH) 

(CH,.CO),0 
(C,H,.CO)aO 

(CH,V;Sn 

(C.HjZn      ; 

(C,H,1,S 

C,H,.COH 

(C3H,),C0 

C^H-.COiOH) 

(C,H,.CO),0 

(C,H,^,Zn 

(C,H,)^ 

C^H.-COH 

(C,ig,<:0      C,H,.CO(()H) 

(C,H,.CO)0 

(0,H,»  Zn 
(C.H„),Zn     1 

IC.H„)^ 

r,H,,.COH 

(C,B„)aCO    C.H„.00(OH) 

(C.H„.CO),0 

1 

C,H„.COH 

.C.H,3.CO(OH) 

1 

C.H,,.COH 

C-H,..CO(OH) 

C3H„.COH 

C,H„.CO(OH) 

C,H„.COH 

(C.H„),00 

aH„.CO(OH) 

c„a„.co(OH) 

and  the  mono-haloid  derivatives  or  so-called  hydrochloric^  hydro- 
bromic,  and  hydriodic  ethers,  are  compounds  in  which  chlorine, 
bromine,  or  iodine  have  united  with  the  radicle — ^just  as  in  the 
corresponding  compounds  of  a  metal ;  in  the  ethyl  series,  for 
instance,  the  compound  group  termed  ethyl,  CgHg,  discharges  a 
fonction  in  these  compounds  analogous  to  that  of  potassium  in  the 
salts  of  this  metal,  so  that  representing  ethyl,  C^H.,  by  Et,  the  two 
series  would  run  as  follows  : 


Potassic  chloride 

KCl 

Ethylic  chloride    . 

EtCl 

Potassic  iodide 

.  KI 

Ethvlic  iodide  .     . 

EtI 

Potassic  hydrate 

.   KOH 

Ethylic  hydrate    . 

EtOH 

Potassic  oxide . 

.  K,0 

Ethylic  oxide  .     . 

EtjO 

It  is  true  that  the  theory  of  compound  radicles  supposes  the 
existence  of  a  number  of  substances  which  have  not  been  isolated, 
and  which  have  no  separate  existence.  Gerhardt,  however,  who 
is  usually  followed  by  later  writers,  expressly  rejects  isolability 
as  constituting  any  part  of  his  idea  of  a  radicle  {Traiti,  t.  iv. 
p.  569).  He  aays:  ''Let  it  be  clearly  understood  that,  in 
speaking  of  a  radicle,  I  do  not  indicate  any  substance  under  the 
form  and  with  the  properties  which  it  would  have  in  an  isolated 
condition;  but  I  distinguish  by  it  simply  the  proportion  in 
which  certain  elements,  or  groups  of  elements,  may  be  sub- 
stituted for  others,  or  may  be  transferred  from  one  body  to 
another  in  the   process  of  double   decomposition.'^     The  theory,    j 
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indeed,  cannot  be  supposed  to  afford  a  correct  representation  of 
the  constitution  of  organic  bodies ;  but  it  is  a  convenient  fiction, 
which  materially  facilitates  the  retention  of  thcT  composition  in 
the  memory,  and  the  comprehension  of  the  changes  which  such 
compounds  undergo.  One  of  the  first  groups  to  which  it  was 
systematically  applied  by  Liebig  and  Wohler  was  that  derived 
from  the  essential  oil  of  bitter  almonds.  This  oil  was  regarded 
by  these  chemists  as  containing  an  organic  radicle,  to  which  they 
gave  the  name  of  benzoyl,  C^H-O,  and  which  may  be  conve- 
niently distinguished  by  the  symbol  Bz.  Although  unsuccessful 
in  the  attempt  to  isolate  this  radicle,  they  succeeded  in  trans- 
ferring the  group  of  which  it  was  supposed  to  consist  from  one 
elementary  substance  to  another,  and  in  causing  it  to  enter  into 
combination  with  other  groups;  and  by  the  aid  of  this  hypo- 
thesis they  were  enabled  to  give  as  simple  and  intelligible  an 
account  of  the  mode  in  which  the  compounds  derived  from  the 
oil  were  formed,  as  though  they  had  been  dealing  with  the  salts 
or  other  compounds  of  a  metal.  The  advantages  thus  obtained 
may  be  rendered  evident  by  comparing  the  empirical  formulae  of 
some  of  these  compounds  with  those  in  which  the  same  bodies 
are  represented  as  containing  the  organic  radicle  : 


Empirical 
Formula. 

C,Hp=Bz 

Oil  of  bitter  almonds     . 

C,H.O 

BzH    .    Benzoyl  hydride 

Benzoic  acid  .     .     .     . 

c,HA 

BzOH .    Benzoyl  hydrate 

Chlorinated  compound  . 

c,H,oa 

BzCl    .    Benzoyl  chloride 

Sulphur  compound  .     . 

Cx.H,AS 

BZjjS    .    Benzoyl  sulphide 

Cyanogen  compound     . 

C,H,ON 

BzON .    Benzoyl  cyanide 

It  is,  moreover,  to  be  observed,  that  many  substances  corre- 
sponding in  composition  to  certain  of  the  organic  radicles  may  be 
isolated.  The  existence  of  cyanogen  as  an  electro-negative  organic 
radicle,  and  the  remarkable  analogy  in  its  mode  of  combination 
to  that  of  chlorine  and  the  halogens,  were  known  long  before 
Liebig  had  attempted  to  generalize  the  theory  of  organic  radicles. 

A  large  number  of  the  hydrocarbon  radicles  which  have  at 
present  been  studied  are  monads,  others  are  dyads,  and  a  few  are 
triads.  No  isolated  radicle  is  known,  the  molecule  of  which 
contains  an  uneven  number  of  atoms  of  hydrogen ;  though  so- 
called  isolated  radicles  with  an  even  number  of  atoms  of  hydrogen 
are  of  frequent  occurrence. 

I.  All  radicles  hitherto  admitted  of  the  form  C^ftgw+i*  such  as 
methyl,  Cllg,  ethyl,  C3H5,  or  amyl,  CgH^,  are  monads  :  as  is  seen 
in  ethylic  chloride,  CgligCl,  and  amylic  iodide,  CgHj^I ;  and  in 
isolated  ethyl  or  ethylic  etbide,  CgHg.Cj^Hg. 
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2.  Radicles  of  tlie  form  C^Hg^,  such  as  ethylene,  C^H^ 
propylene,  C^Hg,  and  octylene,  CgHj^,  are  dyad,  as  in  ethylenic 
chloride,  CgH^Cl^.     Such  radicles  may  exist  in  the  free  state. 

3.  A  radicle  of  the  form  C^Hj^.^  is  in  certain  cases  triads 
in  others  monad;  CgH-,  for  example,  is  triad  in  glycerin, 
C3H-(OH)3,  but  monad  in  ally  lie  alcohol,  CjHg.OH,  and  in  allylic 
chloride,  CgHgCl. 

A  radicle  may  as  a  rule  be  made  to  change  its  valency, 
or,  as  it  is  sometimes  called,  its  basicity,  by  the  removal  of 
hydrogen,  the  valency  being  increased  by  unity  for  each  atom 
of  hydrogen  which  is  withdrawn.  As  an  example  of  this  we  may 
take  methane  or  marsh  gas,  which  is  a  saturated  body:*  by 
acting  upon  this  gas  with .  chlorine,  i,  a,  3,  and  4  atoms  of 
hydrogen  may  be  removed  in  succession,  and  a  corresponding 
number  of  atoms  of  chlorine  substituted  : 

Methane  (methylic  hydride) CH^ 

Monochloromethane  (methylic  chloride)       .      .      .  CHgCl 

Dichloronaethane  (methylenic  chloride)  ....  CHgClg 

Trichloromethane  (chloroform) CHClg 

Tetrachloromethane  (carbonic  tetrachloride)     .      .  CCl^ 

These  four  derivatives  of  methane  may  be  regarded  respectively 
as  compounds  of  the  following  four  radicles  with  chlorine  : 

Monad (CH/  or  C,H,,^, 

I>yad (CH,)-  or  C,H,, 

Triad  ........  (CH)'''  or  C^VL^^ 

Tetrad C*^ 

(1087)  Chemical  Types, — The  varioua  homologous  Beries  of  bodies  in 
the  table  on  pp.  64,  65  have  their  representatives  among  the  simpler  so- 
called  inorganic  compounds;  thus,  for  example,  bj  deducting  CH,  from  the  formula 
of  methane  and  the  compounds  derived  from  it  contained  in  the  horizontal 
line  I  in  the  table,  we  arrive  at  hydrogen  and  some  of  its  most  important 
compounds  of  simple  constitution : — The  molecule  of  methane  if  deprived  of 
CH,,  would  leave  a  residue  consisting  of  hydrogen  only :  CH^  —  CH,  =  H^ ;  the 
molecule  of  monochloromethane  deprived  of  CH,  would  leave  hydrochloric 
aeid  :  CH3CI  —  CHj  =  HCl ;  the  molecule  of  methylic  alcohol  and  of  methylic 
ondc  or  ether  deprived  of  CH,  would  leave  water :  CH^.OH  —  CHj  =  OH^ ;  and, 
nmilarly,  the  residue  from  each  molecule  of  methylic  sulphydrate,  CH^.SH,  and 
of  methylic  sulphide,  (0113)^8,  would  be  hydric  sulphide,  SH^. 

Hence  it  appears  that  the  hypothetical  radicles  methyl,  ethyl,  propyl,  tetryl 


*  By  a  saturated  molecule  is  here  understood  a  compound  which  will  not 
unite  directly  with  an  elementary  monad,  or  a  monad  radicle :  whenever  it  forms 
compounds,  such  compounds  are  produced  by  substitution,  methylic  chloride 
CH^Cl,  for  example,  being  obtained  from  methane  by  substituting  i  atom  of 
chlorine  for  i  of  hydrogen.  ^  ^  ^,^,^,^^^  ^^  GoOgk 
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or  butyl,  pentjl  or  amyl,  <&c.,  are  bodies  which  correspond  to  hydrogen,  and  that 
they  may  be  regarded  as  homologues  of  a  series  in  which  hydrogen  forms  the 
lowest  term :  that  the  monochlorinated  hydrocarbons  are  the  homologues  of 
hydrochloric  acid,  whilst  the  alcohols  and  ethers  are  homologues  of  water,  and  the 
mercaptans  and  sulphides  homologues  of  hydric  sulphide.  Hydrochloric  acid, 
water,  and  hydric  sulphide  may,  therefore,  be  regarded  as  the  patterns  or  types 
upon  which  these  several  bodies  are  formed. 

This  idea  of  referring  organic  compounds  to  some  simple  representative 
or  type  was  systematically  worked  out  by  Laurent  and  by  Gerhardt 

The  four  principal  types  to  which  most  of  the  compounds  of  organic  che- 
mistry may  be  referred  are  the  following : 


I. 


2. 


H' ) 
The  hydrogen  or  met-allio  type  .      „/  >  ,  or  H,; 

H'  ) 
The  oxide  or  water  type.     •     .      ti/  >  0",  or  H,0; 


3.  The  nitride  or  ammonia  type    •     H'  >  N'^',  or  H_N ; 

H'J 

4,  The  mawh  gM  type  .    .     .     .     ^,  >  (?^  or  H,C. 

H') 

It  is  important  to  remark,  that  many  bodies  are  referred  to  the  same  type, 
though  they  present  no  analogy  in  chemical  properties,  either  to  it  or  to  each 
other,  and  though  the  various  radicles  which  are  assumed  to  exist  in  organic  com- 
pounds vary  in  character  as  much  as  the  elementary  bodies  themselves. 

When  we  compare  different  compounds  belonging  to  the  same  series,  a  pro- 
gressive change  in  properties  is  observed,  so  that  the  differences  between  any  two 
such  compounds  become  greater,  the  wider  is  the  interval  between  the  respective 
places  in  the  series  of  the  two  terms  submitted  to  comparison.  Following  this 
idea  to  its  extreme  limits,  the  same  type  may  therefore  comprehend  bodies 
belonging  to  the  three  classes  of  aeids,  of  bases,  and  of  neutral  bodies ;  the  acids 
or  electro-negative  bodies  being  at  one  extremity  of  the  series,  and  the  banes 
or  electro-ppsitive  bodies  at  the  opposite  extremity,  the  neutral  bodies  occupying 
the  intermediate  positions. 

The  application  of  these  types  to  carbon  compounds  will  be  best  understood 

by  means  of  a  few  examples : 

f  H' 
I.  The  Hydrogen  or  MetMic  type,  <  „, 

To  this  class  may  be  referred  the  monad  metals,  as  well  as  the  dyad  metals,  such 
as  zinc  and  cadmium,  of  which  the  molecule  is  mouatomic;  and  amongst 
organic  compounds,  the  hypotheticid  radicles  of  the  monohydric  alcohols,  certain 
bodies  formed  by  the  union  of  two  different  monad  radicles,  such  as  the  aldehydes 
and  the  ketones,  as  well  as  the  dyad  organic  radicles  such  as  ethylene : 

Potassium <!  ^ 

Zinc Zn" 

Dimethyl  (ethane) i  ^^» 

Aldehyde  (acetic  hydride) L^h'^ 
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Aoetone  (acetic  methide) <  c^H* 

Ethylene  (oiefiant  gas) C,H^ 

Hydrochloric  acid  was  originally  proposed  by  Gerhardt  as  an  additional 

iyincal  body,  but  the  hydrochloric  acid  type,  rn\f^  now  usually  included  under 

the  hydrogen  type.  It  forms  a  subtype  which  comprehends  the  monohaloid 
derivatives  of  the  hydrocarbons,  including,  therefore,  the  so-called  haloid 
ethers,  and  the  chlorides  of  the  hypothetical  radicles  of  the  monobasic  acids ;  for 
example : 

r  c  H 

Ethylio  chloride  (monochlorathane)      .     •     •     .      <     *p.* 

{C  H  O 
CI* 

Acetic  chloride  (acetyl  chloride) <     *pi' 

2.  The  Water  type ^  {  H' 

This  type  includes  the  oxides,  sulphides,  selenides,  and  tellurides  of  all  the 
monad  radicles,  such  as  the  alcohols  and  mercaptans,  the  ethers  and  thioethers, 
the  so-called  compound  ethers,  and  the  monobasic  organic  acids  and  their  anhy- 
drides ;  for  instance : 

rcH 

Methylic  alcohol  (wood  spirit)      •     .     .     •     0  <      -J 

Ethylio  alcohol  (alcohol) ^  {  ^  H* 

{C  H 

Ethylio  oxide  (ordinary  ether) 0  |  ^«j[» 

Ethylic  sulphide S  ]  ^«JJ» 

Acetic  acid ^  {  ^  h"^ 

EthyUc  acetate  (acetic  ether) ^  I  C*h'^ 

{C  H  O 

Tetrethylammonic  hydrate 0  |  ^^^^ 

•0/  X  includes  the  nitrides  and  phosphides,  as 

The  Ammonia  tvve  H'  \j^''  ^®^^  "  arsenides  and  antimonides,  of 

^'                                  H'  I  ^®  alcohol  radicles,  together  with  the 

^  amines,  and  the  amides : 

Ethylamine N^     H 
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Diethylphosphine P 

l^rimetliylamiiie , 

Aoetamide 

4.  The  Marsh  Gas  type CF" 

comprises  compoaDds  like   carbonic   anhydride,  ethylio   orthocarbonate,   silicic 
chloride,  and  plumbic  tetrethide : 

r(oc,H.)' 

^    \0"  ^  VOC.H.)' 

l(OC,H/ 

Carbonic  anhydride.  Ethylic  orthocarbonate. 

^^     i(C.H.)' 
((C.H.)' 

Plumb&o  tetrethide. 

A  large  number  of  bodies  nf^ay  be*  regarded  as  formed  upon  condensed  types, 
or  upon  the  plan  of  the  preceding  types,  doubled,  tripled,  quadrupled,  <fec.  For 
inHtance,  sulphuric  acid  and  glycol  may  be  regarded  as  formed  from  two  mole- 
cules of  water,  the  dyad  group  SO,  in  the  one  case,  and  C,H^  in  the  other,  form- 
ing the  link  which  by  displacing  one  atom  of  hydrogen  in  each  molecule  of 
water,  connects  or  binds  the  two  residues  or  radicles  OH  together ;  thus : 


H 


H 

a  Molecoles  of  Water.  Snlphorie  Add.  GI700L 

In  like  manner,  urea  may  be  supposed  to  be  formed  in  the  same  way  upon  the 
type  of  two  molecules  of  ammonia : 

TS{  H 

(co 


(h 

N^H  nJ H 

(h  (h 

3  Molecalei  of  Ammonia.  Urea. 


These  condensed  types  can  only  be  employed  in  the  case  of  compounds  which 
contain  multivalent  radicles,  such  as  sulphuryl,  SO,,  ethylene,  C,H^,  and  carbonyl, 
CO,  as  in  the  inst-ance  just  cited,  where  the  radicle  serves  as  the  link  to  bind  Uie 
several  radicles  into  one.  ^  j 
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It  will  be  fleen  that  each  of  the  fonr  substances,  hydrogen,  water,  ammonia, 
and  marsh  gas,  thus  selected  as  typ^s  to  one  of  which  the  various  chemioal  com- 
pounds  are  refen'ed,  is  a  compound  of  hydrogen  ;  and  that  other  bodies  are  supposed 
to  be  formed  from  these  typical  substances  by  the  substitution  of  a  portion,  or  of 
the  whole,  of  the  hydrogen  of  the  type  by  simple  or  compound  radicles.  For  the 
Siike  01  prerinion  it  is  often  found  to  be  necessary  to  distin.i^uish  the  unaltered 
h^-dn^en  of  the  type  from  any  hydrogen  which  may  have  been  subsequently  in- 
troduced into  the  molecule.  Alcohol,  for  example,  is  said  to  be  a  compound 
formed  upon  the  water  type  by  the  introduction  of  the  radicle  ethyl,  ^^jH^,  in  the 
place  of  one  of  the  original  atoms  of  hydrogen  in  the  type :    alcohol   being 

C  H  )  H  ) 

U '  >  0,  whilst  water  is  „  >  0.       In  such  cases  the  original  hydrogen  in  the 

type  is  distinguished  as  typical  hydrogen. 

Many  compounds  not  included  under  the  preceding  types,  may  be  referred  to 
the  union  of  two  of  the  foregoing  types,  as  was  first  suggested  by  Williamson, 
such  compounds  being  represented  as  .derived  from  mixed  t^/pes.  Kekul^,  for 
eiample  (Lekrbuch  der  Org,  Chemie,  i.  p.  1 2 1,)  proposed  to  consider  the  amic 
acids,  such  as  carbarn ic  and  oxamic  acid,  as  Ibrmed  upon  the  combination  of  the 
tvpes  of  ammonia  and  water : 

(H  (H  (H 

N-j  H  N-J  H  N-|H 

S  (CO)"  (C,0^"; 

o{2  o{h  o{h 

Double  type.       Carbamic  acid.  Ozamie  acid. 

the  tie  between  the  two  typical  groups  being  in  the  one  case  the  dyad  radicle 
CO,  in  the  other  C,0,. 


CHAPTER  III. 

ACTION   OF   REAGENTS   ON    CARBON    COMPOUNDS. 

In  investigating  the  chemical  nature  of  the  carbon  com- 
poauds,  and  the  relation  they  bear  to  one  another  and  to  the 
80-called  inorganic  compounds,  it  is  usual  to  treat  them  with  a 
Yariety  of  reagents ;  many  of  these  attack  the  individual 
members  of  various  classes  of  organic  compounds  much  in  the 
same  way,  so  that  it  will  be  convenient  in  this  place  to  describe 
the  general  action  of  the  most  important  of  them. 

(io88)  Oxidizing  Agents. — It  will  be  unnecessary  to  con- 
sider minutely  the  effects  of  rapid  direct  oxidation,  or  com- 
bustion^ since  the   general  result  in  all   cases   where   there   is 
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a  sufficient  supply  of  oxygen  is  to  convert  the  carbon  into  car- 
bonic anhydride,  and  the  hydrogen  into  water;  the  nitrogen  is 
generally  liberated  in  the  free  state. 

It  is  not  merely  to  the  processes  of  oxidation  effected  in  the 
laboratory  that  it  is  necessary  to  attend,  for  oxidizing  actions  are 
in  constant  operation  unperceived  on  every  side  of  us.  The 
gradual  decay  of  organized  compounds  is  caused  by  the  sponta- 
neous oxidation  which  slowly  takes  place  :  decay  being  in  reality, 
only  a  slow  process  of  combustion,  a  fact  which  Liebig  indicated 
by  substituting  the  term  eremacausis  for  that  of  decay  (from 
jipi^oQ,  gentle,  icavcrec,  combustion).  The  decay  of  wood  is 
a  familiar  instance  of  this  kind ;  the  hydrogen  of  the  wood  be- 
comes more  rapidly  oxidized  than  its  carbon,  and  the  result  is 
the  formation  of  a  brown  powder  termed  ulmin  or  humus, 
in  which  the  proportion  of  the  carbon  to  the  hydrogen  and  the 
oxygen  is  much  greater  than  in  the  wood  from  which  it  was 
formed.  Such  actions  take  place  generally  under  the  combined 
influence  of  moisture  and  of  a  temperature  of  about  15°  (59°  F.) 
or  upwards.  If  the  substance  be  perfectly  dry,  or  if  the  tempe- 
rature fall  to  the  freezing  point,  oxidation  is  usually  completely 
arrested. 

It  is,  however,  the  study  of  the  process  of  gradual  or  limited 
oxidation  which  affords  results  so  instructive  to  the  chemist  : 
this  is  seldom  effected  by  the  action  of  free  oxygen,  but  by  the 
use  of  certain  reagents  which  present  that  element  in  the 
nascent  state.  The  most  ordinary  sources  of  oxygen  employed 
for  this  purpose  are  nitric  acid,  a  mixture  of  sulphuric  acid  and 
potassic  dichromate,  a  mixture  of  sulphuric  acid  and  manganic 
peroxide,  chromic  anhydride,  dissolved  either  in  water  or  in 
glacial  acetic  acid,  potassic  permanganate,  argentic  oxide,  and 
plumbic  peroxide.  Besides  these,  other  oxidizing  agents  are 
occasionally  used,  such  as  ferric  chloride,  baric  peroxide,  calcic 
hypochlorite,  and  fused  potassic  and  sodic  hydrates ;  the  last 
three  of  these  are  of  more  limited  application,  however,  since 
they  frequently  give  rise  to  secondary  reactions.  Sulphuric  acid, 
at  a  high  temperature,  also  readily  parts  with  a  portion  of  its 
oxygen,  but  in  this  case  the  results  are  usually  complicated  by 
the  powerful  dehydrating  action  of  the  acid. 

The  effect  produced  by  these  different  means  of  oxidation 
varies  considerably  with  the  nature  of  the  compound  submitted 
to  their  action,  and  also  with  that  of  the  oxidizing  agent. 

1.  The  oxygen  may  simply  remove  hydrogen ;  as  when 
alcohol  is  submitted  to  the  oxidizing  action  of  chromic  acid.     In 
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this  case  water  is  formed,  and  a  new  body,  aldehyde,  is  produced, 
containing  less  hydrogen  than  alcohol : 

aCjH^O   +  Oj  =   aC^H^O  +   aOH,. 

Sthylk  alcohoL  Aldehyde. 

2.  Oxygen  may  unite  directly  with  the  substance;  as  when 
aldehyde  is  converted  into  acetic  acid : 

aCgH^O   +   Oj  =  2C2H4O3. 

Aldehyde.  Acetic  acid. 

3.  Hydrogen  is  eliminated  and  replaced  by  an  equivalent 
quantity  of  oxygen ;  for  example,  when  benzylbenzene  is  oxidized 
by  chromic  acid  solution,  it  yields  phenylbenzoyl : 

CisHia  +   O,  =  C,3H,,0   +  OH,. 

Benzylbenxene.  Phenylbenzoyl. 

4.  Hydrogen  is  eliminated  and  replaced  by  twice  its  equi- 
valent quantity  of  oxygen ;  as  in  the  formation  of  the  quinones 
by  the  direct  oxidation  of  the  corresponding  hydrocarbons. 
Thus,  naphthalene  when  treated  with  a  solution  of  chromic  anhy- 
dride in  glacial  acetic  acid  gives  naphthaquinone : 

aCioHs  +  3O2  =   ^CjoH^O,   +  aOH, ; 

Naphthalene.  MaphthaqoinoQe. 

and  toluene  when  treated  with  dilute  nitric  acid  gives  benzoic  acid : 
aC^Hg   -h  3O5,  =  aC^H^O,   +  aOHj,. 

Tolnene.  Benxoic  add. 

2C,Hg.CH3   +   3O3  =   aC.Hg.COOH   +    aOH,. 

In  this  case,  however,  it  is  probable  that  two  of  the  atoms 
of  hydrogen  in  the  methyl  group,  CH,,  of  the  toluene  are 
eliminated  and  displaced  by  an  atom  of  oxygen,  whilst  the  re- 
maining atom  of  hydrogen  is  displaced  by  the  group  OH. 

In  all  the  cases  we  have  hitherto  considered  the  carbon 
in  the  original  substance  is  unaffected  by  the  process  of  oxida- 
tion, the  number  of  atoms  of  that  element  in  the  oxidized 
product  being  the  same  as  in  the  compound  we  started  with. 
There  are  many  instances,  however,  in  which  the  substance  splits  up 
under  the  influence  of  the  oxidizing  action,  giving  rise  to  two  or 
more  compounds,  each  containing  a  smaller  number  of  carbon 
atoms  than  the  original  substance.  Thus,  acetone  yields  acetic 
acid  and  carbonic  anhydride  : 

C^Rfi   +   aO,  =  C^H.O,   +   CO,   +  OH,. 

Acetone.  Acetic  add.  C"r^r^n]o 
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Similarly,  the  tertiary  butylic  alcohol,  trimethylcarbinol,  is 
converted  into  formic  and  acetic  acids  : 

C,H,„0   +   3O,  =   aCUfi,   +   C,Hp,   +   OH,. 

Trimethylcarbinol.  Formic  acid.  Acetic  acid. 

Contact  with  a  body  which  is  itself  undergoing  slow  oxida- 
tion will  frequently  induce  this  oxidizing  action  in  substances  pos- 
sessed of  a  strong  attraction  for  oxygen,  but  which  do  not,  when  in 
a  pure  state,  themselves  undergo  oxidation.  For  example,  a  solution 
of  grape  sugar  in  an  alcoholic  solution  of  potassic  hydrate  does  not 
absorb  oxygen  when  exposed  to  the  air;  but  the  addition  of  a  minute 
quantity  of  sulphindylic  acid  (indigosulphonic  acid :  see  indigo) 
effects  the  oxidation  of  the  sugar :  probably,  as  Ti'aube  suggests, 
by  the  absorption  of  oxygen  on  the  part  of  the  sulphindylic 
acid,  and  the  transfer  of  oxygen  to  the  sugar ;  the  sulphindylic 
acid  absorbing  fresh  oxygen  and  again  parting  with  it  to  fresh 
portions  of  sugar,  acting,  in  fact,  as  a  carrier  of  oxygen,  just  as 
nitric  oxide  does  to  sulphurous  acid,  during  the  manufacture  of 
sulphuric  acid  (406).  Another  analogous  experiment  of  Traube's 
consists  in  heating  a  solution  of  cupric  oxide  containing  a  Jarge 
quantity  of  ammonic  chloride  with  grape  sugar :  no  reduction 
takes  place  even  when  the  liquid  is  boiled;  but  if  a  small 
quantity  of  reduced  and  colourless  sulphindylic  acid  be  added, 
the  indigo-blue  colour  reappears,  owing  to  the  absorption  of 
oxygen  by  the  sulpho-acid  from  the  cupric  oxide ;  the  acid  then 
gives  up  its  oxygen  to  the  sugar,  after  which  it  again  takes  up 
more  oxygen  from  a  fresh  quantity  of  cupric  oxide ;  so  that  in  a 
short  time  the  whole  of  the  sugar  is  oxidized,  and  the  cupric 
oxide  reduced  to  cuprous  oxide,  whilst  the  sulphindylic  acid  is 
left  apparently  unaltered.  The  sulphindylic  acid  is,  in  fact,  much 
more  easily  reduced  than  cupric  oxide,  and  yet  it  has  the  power 
of  easily  absorbing  oxygen  from  this  oxide.  The  importance  of 
studying  the  action  of  such  cases  of  oxidation  must  be  obvious, 
when  it  is  borne  in  mind  that  it  is  probably  in  a  great  measure 
by  the  agency  of  oxygen  that  ipany  of  the  complex  substances 
contained  in  the  animal  body  are  gradually  resolved  into  car- 
bonic anhydride,  water,  and  ammonia. 

These  slow  processes  of  combustion  are  intimately  connected 
with  the  development  of  ozone.  In  certain  cases  the  formation 
of  ozone  is  so  abundant  during  such  actions,  that  they  furnish 
some  of  the  best  means  of  obtaining  this  singular  body.  Ozone, 
for  instance,  is  always  formed  during  the  slow  oxidation  of  phos- 
phorus in  air ;  and  in  the  oxidation  of  oil  of  turpenjtine  apd  of 
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ether  under  particular  circumstances^  as  when^  a  hot  platinum 
wire  is  suspended  in  a  mixture  of  the  vapour  of  ether  and 
atmospheric  air,  a  substance  is  produced  which  colours  a  mixture  of 
potassic  iodide  and  starch  blue,  and  also  gives  a  purple  colour 
with  chromic  acid,  similar  to  that  obtained  on  pouring  hydric 
peroxide  into  a  solution  of  chromic  acid  (771).  Fudakowski  has 
also  shown  that  phenol,  petroleum,  and  pure  benzene,  give  the 
same  reactions  when  undergoing  slow  oxidation  at  the  ordinary 
temperature. 

(1089)  Action  of  Nascent  Hydrogen, — Although  free  hydro- 
gen appears  to  have  but  little  action  on  carbon  compounds,  yet 
in  the  nascent  state  it  is  one  of  the  most  important  agents,  both 
for  ascertaining  the  nature  of  the  substance  under  investigation, 
and  also  for  the  synthetical  production  of  new  compounds ;  for 
this  purpose  various  so-called  reducing  agents  are  employed,  of 
which  the  principal  are  sodium  amalgam  in  the  presence  of  water, 
tin  and  hydrochloric  acid,  zinc  and  hydrochloric  or  sulphuric  acid, 
iron  and  acetic  acid,  or  ferrous  oxide  obtained  by  precipitating  a 
solution  of  ferrous  sulphate  with  an  alkali  or  alkaline  earth.  A 
concentrated  aqueous  solution  of  hydriodic  acid  at  a  high  tem- 
perature is  one  of  the  most  powerful  reducing  agents  known,  for 
although  itself  stable,  yet  it  is  readily  decomposed  into  its  con- 
stituent elements,  hydrogen  and  iodine,  in  the  presence  of  com- 
pounds which  are  acted  on  by  nascent  hydrogen.  The  action  of 
sulphuretted  hydrogen  and  ammonic  hydric  sulphide  is  somewhat 
similar,  sulphur  being  deposited  in  the  former  case,  whilst  ammonic 
disulphide  is  formed  in  the  latter.  A  solution  of  sulphurous  acid, 
HjSOj,  is  also  occasionally  employed ;  in  the  presence  of  bodies 
having  a  strong  attraction  for  hydrogen,  water  is  then  decomposed, 
the  liberated  oxygen  simultaneously  combining  with  a  molecule 
of  sulphurous  acid  to  form  sulphuric  acid : 

HjSOj  +  OHj  =  HjSO^  +  Hy 

The  grey  coloured  powder  called  "  zinc  dust''  obtained  in  the 
manufacture  of  zinc,  and  consisting  chiefly  of  that  metal  in  a 
finely  divided  state,  mixed  with  some  oxide  and  hydrate,  has 
proved  very  useful  in  converting  certain  oxidized  substances  into 
the  corresponding  hydrocarbon;  it  was  by  this  means  that  alizarin 
was  discovered  to  be  a  derivative  of  anthracene. 

Hydrogen,  like  oxygen,  varies  much  in  its  action  on  organic 
bodies. 

1.  It  may  combine  directly  with  the  carbon  compoimd;  for 
instance,  the  copper  derivative  of  acetylene,  acetylide  of. 
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yields  ethylene  when  heated  with  zinc  and  dilute  ammonia,  the 
acetylene  at  the  moment  of  its  liberation  combining  with  the 
hydrogen  produced  by  the  action  of  the  aqueous  ammonia  on  the 
zinc: 

CgHg   -|-    Hg  =   CgH^, 

Acetjlene.  Ethylene. 

Similarly,  aldehydes  and  ketones  are  converted  into  alcohols, 
acetone,  for  example,  yielding  isopropylic  alcohol : 

C,H.O   +   H,  =  C,HgOj 

Acetone.  Isopropylic  alcohol 

C(CH^jO  +  Hj  =  C(CHj)jH.OH; 
and  the  nitriles  of  the  acids  the  corresponding  amines : 
CjHjN  +  aHj  =  CjH^N. 

Aoetonitrile.  Ethylamine. 

C*^(CH3)'N'''   +   2H,  =  C(CH3)H2.NHjj. 

2.  Sometimes  oxygen  appears  to  be  removed  by  the  action  of 
nascent  hydrogen,  as  in  the  case  of  malic  acid,  which  by  the  action 
of  hydriodic  acid  is  converted  into  succinic  acid : 

C,H,0,    +    H,  =  C,H,0,   +  OH,; 

Malic  acid.  Soccinlo  add. 

C,H3(OH)(COOH)3  +  Hj,  =  CgH^lCOOH)^,  +  OHj,; 

or  the  conversion  of  lactic  acid  into  propionic  acid  by  similar 
means : 

C,H,0,  +   H,  =  C,H,0,  +   OH,. 

Lactic  add.  Propionic  add. 

C2H,(0H).C00H   +   H3  =   C3H5.COOH    +   OH3. 

In  these  instances,  however,  the  oxygen  is  not  simply  removed, 
but  the  OH  group  in  the  acid  is  displaced  by  hydrogen.  In  all 
probability  the  action  takes  place  in  two  stages,  the  first  being 
the  formation  of  an  iodo-acid  : 

C3H,(0H).C00H   +  HI  =  C3HJ.COOH  +  OH3; 

Lactlo  add.  lodopropionic  add. 

C3HJ.COOH  +   HI  =  C3H5.COOH  +  Ij. 

3.  It  may  remove  oxygen,  or  one  of  the  halogens,  replacing 
it  by  an  equivalent  quantity  of  hydrogen.  Thus,  oxalic  acid 
treated  with  zinc  and  dilute  sulphuric  acid  yields  glycollic  acid : 
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CjHjO^  +  aHg  ==  CgH.Oj  +  OH,. 

Oiallic  add.  Gljcollie  acid. 

jCOOH    ,      TT    _    fCHgOH 
(COOH   ■*■   ^    »  "    (COOH     ■*■        «• 

Again^  the  action  of  hydriodic  acid  on  iodacetic  acid  regenerates 
acetic  acid : 

C2H3IO,   +  HI   =   C,H,0,  +I3. 

lodacetio  add.  Aoetio  add. 

Berthelot  {Ann.  Ch.  Phys.  [3],  li.  48)  has  pointed  out  that 
when  the  compounds  to  be  acted  upon  are  of  a  very  stable  character, 
free  hydrogen,  at  an  elevated  temperature,  may  effect  this  species 
of  substitution,  although  a  good  deal  of  the  compound  is 
idways  destroyed.  Several  of  the  chlorides  of  carbon  yield  such 
results ;  for  instance,  tetrachlorethylene,  CjCl^  when  its  vapour 
mixed  with  hydrogen  is  passed  through  a  glass  tube  filled  with 
fragments  of  pumice  and  heated  to  redness,  furnishes  hydro- 
chloric acid  and  ethylene  or  olefiant  gas  : 

C,C1,  +  4H2  =  C3H,  +  4HCI. 

Tetrachloromethane   or    carbonic  tetrachloride,  CCl^,   yields 
methane  or  marsh  gas  and  ethylene : 

CCl^  +  4H2  =  CH,   +   4HCI. 

The  ethylene  is  the  result  of  the  effect  of  heat  upon  the 
carbon  tetrachloride,  which  is  partially  decomposed  into  tetrachlor- 
ethylene, CjjCl^  and  free  chlorine ;  and  this  tetrachlorethylene  is 
then  converted  into  ethylene  by  the  action  of  the  hydrogen,  as 
already  explained. 

4.  When  nitro-compounds  are  treated  with  reducing  agents 
the  oxygen  in  the  NOg  group  is  generally  replaced  by  an  equal 
number  of  atoms  of  hydrogen,  giving  rise  to  corresponding 
amido-compounds,  as  in  the  conversion  of  nitrobenzene  into 
amido-benzene  or  aniline : 

C,H,.NO,  +  3H,  =  C.Hj.NH,  +   aOH,. 

NitTobeniene.  AniliiM. 

5.  Almost  all  carbon  compounds,  by  treatment  at  275°  with  a 
laige  excess  of  hydriodic  acid  of  density  to,  are  ultimately  con- 
verted into  the  corresponding  saturated  hydrocarbons  or  paraffins. 
Thus  the  oxygen  in  phenol,  C^H^O,  can  be  removed,  giving  rise 
to  benzene,  C^H^  and  this  by  the  continued  action  of  the  acid  is 
ultimately  converted  into  hexane  or  hexylic  hydride,  CJL^.     In 
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a  similar  manner,  aldehyde,  CgH^O,  is  converted  into  ethane  or 
ethylic  hydride,  C^Hg.  Berthelot,  by  enclosing  the  bromide  of 
ethylene,  of  propylene,  of  butylene,  and  of  amylene^  in  strong 
glass  tubes  with  water,  copper  foil,  and  potassic  iodide,  and 
subsequently  heating  the  mixture  to  275°  C.  (527°  F.),  in  an 
oil  bath,  procured  ethylene,  propylene,  butylene,  and  amylene, 
accompanied  'by  some  gaseous  bodies  which  are  products  of  a 
secondary  decomposition.  If  the  use  of  copper  be  omitted,  these 
products  of  secondary  decomposition  are  more  considerable ;  so 
that  in  the  latter  case  it  would  appear  that  a  part  of  the  organic 
body  had  undergone  oxidation  at  the  expense  of  the  oxygen  of  the 
water,  whilst  the  hydrogen  had  effected  an  inverse  substitution 
and  formed  ethane,  propane,  tetrancj  and  pentane.  When  the 
copper  is  present  the  reaction  is  probably  of  the  following 
nature : 

CgH^Brg  +   Cu  =  CgH^  +  CuBr^; 

Ethylenio  bromide.  Ethylene. 

and  when  the  copper  is  not  added,  the  decomposition  may  be  re- 
presented as  follows : 

CgH.Br,  +  2H2  =  CgH,   +   2HBr. 

Ethjlenic  bromide.  Ethane 

(1090)  Action  of  the  Halogens  upon  Organic  Compounds — 
Substitution  for  Hydrogen, — The  action  of  chlorine  and  bromine 
upon  carbon  compounds  generally  gives  rise  to  new  ones,  in  which 
one  or  more  atoms  of  the  hydrogen  in  the  original  substance  has 
been  displaced  by  the  halogen.  The  action  of  bromine 
is  weaker  than  that  of  chlorine,  and  iodine  never  produces  sub- 
stitution compounds  by  its  direct  action,  so  that  in  order  to 
obtain  them,  it  is  necessary  to  have  recourse  to  various  indirect 
methods.  The  carbon  compounds  containing  fluorine  have  been 
but  little  studied. 

Besides  the  direct  action  of  the  element  itself  other  methods 
for  the  chlorination  of  organic  bodies  are  resorted  to,  such  as  the 
employment  of  iodine  trichloride,  antimonic  pentachloride,  phos- 
phoric pentachloride,  or  potassic  chlorate  and  hydrochloric  acid, 
although  in  many  instances  the  chlorate  simultaneously  oxidizes  the 
compound,  giving  rise  to  an  action  of  a  more  complex  character. 

It  is  sometimes  inconvenient  to  use  the  chlorine  in  the 
gaseous  state,  but  tWs  difficulty  may  be  obviated  by  using  chlorine 
hydrate  (335),  or  a  saturated  solution  of  chlorine  in  carbonic 
tetrachloride.      The  use  of  bromine  in  the  presenile  of  iodine 
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bromide^  or  antiraonic  pentabromide,  is  occasionally  resorted  to 
when  bromine  alone,  does  not  act. 

Some  chlorine  and  bromine  substitution  compounds  yield  the 
corresponding  iodine  derivatives  when  treated  with  potassic  iodide, 
lodacetic  acid  is  thus  obtained  from  bromacetic  acid : 

CjHgBrO^  +   KI  =  C2H3IO3  +   KBr. 

Bromacetic  acid.  lodacetio  acid. 

If  an  organic  compound  be  simultaneously  treated  with  iodine 
and  mercuric  or  plumbic  oxide,  the  hydriodic  acid  formed  by  the 
union  of  the  iodine  with  the  hydrogen  of  the  carbon  compound 
is  at  once  removed  from  the  sphere  of  action  as  mercuric  or 
plumbic  iodide : 

2HI  +   HgO  =  Hgig  +  OHg. 

Iodic  acid  may  be  employed  for  the  same  purpose,  when  water 
and  free  iodine  will  be  produced : 

5H1  +  H103  =  30H,  +  31,. 

If  excess  of  iodic  acid  be  present,  the  liberated  iodine  can  again 
react  with  another  portion  of  the  organic  compound. 

1.  The  halogens  may  enter  into  direct  combination  with  the 
substance ;  as  when  ethylene  is  converted  into  ethylenic  iodide  : 

CgH^   +  Ig  =   CgHJg, 

BUiylene.  Bthylenic  iodide. 

or  as  in  the  formation  of  dibromolactic  acid  from  pyruvic  acid  by 
the  action  of  bromine  : 

PyniTic  add.  Dibromolactio  acid. 

2.  They  may  simply  remove  hydrogen ;  as  in  the  conversion 
of  alcohol  into  aldehyde  : 

CgH.O   +    Clj   =  CgHp    -f   2HCI. 

Alcohol.  Aldehyde. 

3.  They  may  act  as  oxidizing  agents  by  liberating  oxygen  from 
water ;  as  when  butyric  is  converted  into  succinic  acid  : 

C4H8O3  +   sBr^  +   2Up  =  C,H,0,  +   6HBr. 

Bntjiic  add.  Suodnio  acid. 

Secondary  products,  however,  accompany  this  reaction,  and  a 
quantity  of  carbonaceous  matter  is  deposited  (Friedel  and 
Machuca). 

4.  They  may  produce  compounds  by  substitution,  in  which 

Digitized  by  VjOOQ IC 


80  ACTION    OF   HALOGENS   UPON    ORGANIC    COMPOUNDS.       [109O. 

one  or  more  atoms  of  hydrogen  are  displaced  by  chlorine  or 
bromine,  while  hydrochloric  or  hydrobromic  acid  escapes.  It  is 
generally  advantageous,  in  conducting  this  experiment  with 
chlorine,  to  submit  the  organic  compound  to  the  action  of  the 
dry  gas :  the  chlorine  is  rapidly  absorbed,  especially  if  the 
action  be  aided  by  heat  or  by  exposure  to  the  direct  rays 
of  the  sun,  and  abundance  of  hydrochloric  acid  escapes, 
and  a  new  body,  into  the  composition  of  which  chlorine 
enters,  is  formed.  In  the  majority  of  cases  the  new  product  is 
analogous  to  the  compound  from  which  it  is  procured,  but 
a  certain  number  of  atoms  of  the  hydrogen  has  been  dis- 
placed by  a  corresponding  number  of  atoms  of  chlorine.  Gay- 
Lussac,  when  examining  the  action  of  chlorine  on  wax,  was  the 
first  to  observe  this  kind  of  substitution. 

A  simple  case  is  that  of  methane  or  marsh  gas,  which,  when 
mixed  with  an  equal  volume  of  chlorine  and  exposed  to  diffused 
daylight,  has  one  of  its  hydrogen  atoms  displaced  by  chlorine, 
monochloromethane  or  methylic  chloride  being  formed,  thus : 

CH^   +   Cl^  =   CH3CI    +   HCL 

Methane.  MonocUoimethane. 

By  the  further  action  of  chlorine  a  second  atom  of  hydrogen 
is  displaced,  and  dichloromethane  or  -methylenic  chloride  is  pro- 
duced: 

CH3CI   +   Clj,  =   CH2CI3  +   HCL 

Monochloromethane.  Dichloromethane. 

This  compound  is  then  readily  converted  into  trichloromethane  or 
chloroform,  thus : 

CHgClg  +  C\  =   CHCI3  +   HCL 

Dichloromethane.  Trichloromethane. 

And  finally,  the  chloroform,  when  submitted  to  the  action  of 
chlorine  whilst  exposed  to  bright  sunlight,  or  when  heated  with 
antimonic  pentachloride,  has  the  last  atom  of  hydrogen  dis- 
placed by  chlorine  with  formation  of  tetrachloromethane  or 
carbouic  tetrachloride : 

CHCI3   +  Qjj  =^  CCl^   +   HCL 

Trichloromethane.  Tetrachloromethane. 

The  discovery  that  the  substitution  of  chlorine  for  hydrogen 
was  practicable,  at  first  excited  the  greatest  astonishment  amongst 
chemists,  since  owing  to  the  powerful  attractions  of  chlorine, 
particularly  when  its  electrical  oppositien  to  hydrogen  is  borne 
in  mind,   the   possibility  of  such   an  occurrence  had  never  been 
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suspected.  The  displacement  of  oxygen  by  chlorine  was  familiar 
to  the  mind  of  the  chemist^  but  the  displacement  of  hydrogen  by 
ddoiine  was  a  circnmstance  entirely  in  opposition  to  the  doctrines 
of  chemical  attraction  then  prevalent.  The  discovery  of  this 
remarkable  fact  has  led  to  the  production  of  an  immense 
nimiber  of  substitution  compounds.  The  new  products  so  obtained 
are  in  general  possessed  of  comparatiyely  little  intrinsic  interest. 
The  importance  of  accurately  studying  the  steps  by  which  these 
substitutions  are  effected,  can^  however,  be  scarcely  over-estimated^ 
owing  to  the  light  which  they  frequently  throw  upon  the  consti- 
tution of  the  different  compounds,  and  of  their  relations  to  others 
where  no  obvious  connexion  had  been  previously  traced.  The 
first  atoms  of  hydrogen  are  usually  displaced  more  readily  than 
the  others.  It  is  often  necessary  at  first  to  moderate  the  action  by 
cooling  the  liquid  artificially,  and  by  placing  it  either  in  ob- 
scurity or  only  in  the  difiused  light  of  day;  while  to  com- 
plete the  displacement  of  the  last  portions,  the  strongest 
sunlight^  aided  by  a  temperature  of  ebullition^  is  frequently 
requisite. 

Substitutions  of  bromine  for  hydrogen  may  also  be  effected 
by  analogous  methods,  although,  owing  to  its  feebler  chemical 
attractions,  the  reactions  ordinarily  take  place  with  loss  vehe- 
mence. 

(1091)  Haloid  Compounds  of  Phosphorus. — Closely  allied  to 
the  action  of  the  halogens  is  that  of  the  haloid  compounds  of 
phosphorus,  namely,  phosphoric  chloride  and  oxychloride^  phos- 
phorous chloride^  and  the  corresponding  bromine  and  iodine 
compounds. 

1.  The  action  upon  acids  and  other  compounds  containing 
the  OH  group  is  generally  to  displace  the- OH  group  by  the 
halogen;  thus  phosphoric  chloride,  phosphoric  oxychloride,  and 
phosphorous  chloride^  all  produce  acetic  chloride  by  their  action 
on  acetic  acid : 

CgH^g  +  pcig  =  CjjHgOa  +  pocij  +  Ha. 

Aettie  add.  Acetic  chloride. 

CHj.CO(OH)   -f  PClJ^  CH5.COCI  +   POa^  +   HCl. 
3C,Hp,  +"^Cl3  =  3CsH,0Cl   +  H3PO3. 

Acetic  add.  Acetle  chloride. 

3C,HA  +  POCl,  =  3CjH,0Cl  +   H,PO,. 

2.  In  some  cases  oxygen  is  removed  and  displaced  by 
chlorine^  as  when  aldehyde  is  treated  with  phosphoric  chloride  : 
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CgH.O   +  PCI5  =  qH^Clj  +  POCI3. 

Aldehyde.  EthyUdenio  ohloride. 

(1092)  Action  of  Hydrochloric,  Hydrobrotnic,  and  Hydriodic 
Acids. — These^  like  other  ^ids^  unite  directly  with  the  various 
organic  substances  of  a  basic  nature^  forming  salts  or  compounds 
analogous  to  them^  and  hydriodic  acid^  as  previously  mentioned 
(1089)^  is  a  powerful  reducing  agent.  Besides  these^  however^  the 
naloid  acids  have  other  modes  of  action. 

1.  They  combine  directly  with  certain  unsaturated  compounds; 
thus  hydriodic  acid  and  ethylene  combine  and  form  moniodethane 
or  ethylic  iodide : 

C,H,   +  HI  =  CgHJ; 

Btbjlene.  Ethylio  iodide. 

and  fiimaric  acid,  when  treated  with  hydrobromic  acid^  yields 
bromosuccinic  add : 

C^Hp^  +   HBr  =  C^HjBrO^. 

Fttmuio  add.  Bromoeaodnie  add. 

2.  The  OH  group  in  the  alcohols  and  oxy-acids  is  displaced 
by  the  halogen* of  the  haloid  acid;  for  instance^  the  action  of 
hydrochloric  acid  on  alcohol  gives  rise  to  ethylic  chloride : 

C3H5.OH     +      HCl     =     CjH.Cl     +      OH3; 

Alcohol.  EthyUo  ohloride. 

and  malic  add,  when  heated  with  hydrobromic  add^  is  converted 
into  monobromosuccinic  acid : 

C3H3.0H(COOH),     +     HBr     =     C3H5Br(COOH),  +   OH,. 

Hallo  add.  BromoBaodnio  add. 

(1093)  Action  of  Nitric  Acid  and  of  Nitrous  Acid. — From 
the  readiness  with  which  it  parts  with  its  oxygen^  nitric  acid^  as 
already  noticed^  is  a  most  powerful  oxidizing  agent,  and,  like 
other  acids,  it  also  combines  with  carbon  compounds  of  a  basic 
nature.  In  addition  to  these  modes  of  action  there  are  others 
which  are  of  considerable  importance  in  the  investigation  of  the 
nature  of  organic  substances. 

I.  The  H  in  the  OH  group  in  the  alcohols  may  he  displaced 
by  NO3,  giving  rise  to  nitric  ethers.  In  this  manner  ethylic 
nitrate  is  formed  from  alcohol : 

C,H,(OH)      +     HNO,     =     CgH.CNOj)      +     OH,; 

Alcohol  Ethylio  nitrate. 
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and  so-called  nitroglycerin  from  glycerin : 

C3H,(0H),     +     3HNO,     =     C,H,(N03),     +     3OH,. 

G^joerin.  Nitrogrlyoerln. 

2.  One  or  more  atoms  of  hydrogen  are  displaced  by  an  equal 
nnmber  of  NO^  groups  with  simultaneous  elimination  of  water. 
A  nitro-substitution  compound  is  thus  formed,  as  in  the  prepara- 
tion of  nitrobenzene  from  benzene  by  the  action  of  concentrated 
nitric  acid: 

C,H,     +     HNO,     =     C,H,.NO,     +     OH,. 

Tteniepeu  NitrobenzeQe. 

When  a  mixture  of  sulphuric  and  nitric  acids  is  employed  two 
atoms  of  hydrogen  are  displaced  and  dinitrobenzene  is  produced : 

C,H,     +      2HNO3     =     C,H,(NOJ,     +      2OR,. 

Bamene.  Dioitrobaizeiie. 

As  a  rule,  the  latter  class,  the  nitro-compounds,  are  far  more 
stable  than  the  nitric  ethers,  and  far  less  explosive.  Most  nitro- 
compounds are  readily  reduced  by  the  action  of  nascent  hydrogen 
with  formation  of  amido-derivatives,  differing  from  the  original 
compound  in  having  one  or  more  of  the  NO.,  groups  displaced  by 
NH3.  In  this  way  aniline  is  obtained  from  nitrobenzene.  On 
ihe  other  hand,  the  nitric  ethers  when  treated  with  reducing 
agents  frumish  the  alcohol  from  which  they  were  derived. 

3.  The  action  of  nitrous  acid  on  the  amido-compounds 
frequently  gives  rise  to  a  very  remarkable  class  of  substances, 
termed  azo-derivatives.  Thus,  by  the  action  of  nitrous  acid  on 
aniline  nitrate,  diazobenzene  nitrate  is  produced : 

(C.H^HjN.NOj     H-     HNO,     =     (C^HJNg.NOj     +     aOH,. 

Aniline  nltrste.  mazobenzene  nitrate. 

4.  Many  amido-compounds,  when  treated  with  nitrous  acid, 
yield  the  corresponding  alcohol  with  simultaneous  evolution  of 
nitrogen.  The  best  result  is  usually  obtained  by  the  action  of 
ai^ntic  nitrite  on  the  hydrochloride  of  the  base.  For  example, 
alcohol  may  be  obtained  from  ethylamine  in  this  yray : 


(C^H^NH^a  +   AgNO,  =  C2Hg(0H)  +  AgCl  +  OH,  +  N. 


8' 


EChjUmine  Alcohol. 

l^dioehJoiide. 


(1094)  Dehydrating  Agents. — Phosphoric  anhydride,  phos- 
phoric sulphide  (pentasulphide),  potassic  hydric  sulphate,  zincic 
chloride,  and  hydrochloric  acid,  when  heated  with  organic  ^m-    j 
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pounds  containing  oxygen,  may  remove  the  elements  of  water. 
This  action  frequently  gives  rise  at  the  same  time  to  a  more  extended 
decomposition,  and  the  substance  splits  up,  yielding  several  pro- 
ducts. Zincic  chloride  also  possesses  the  peculiar  property  of  poly- 
merizing many  hydrocarbons  at  the  instant  of  their  formation 
from  oxidized  bodies  by  this  means.  Moreover,  sulphuric  acidj 
at  a  high  temperature,  acts  as  a  powerful  oxidizing  agent,  and 
phosphoric  sulphide  frequently  removes  oxygen  and  displaces  it  by- 
sulphur.  The  great  variation  in  the  modes  of  action  thus  intro- 
duced renders  it  impossible  to  describe  all  of  them  here,  and  they 
will  therefore  be  treated  of  from  time  to  time  as  the  particular 
cases  come  into  notice.  In  the  meantime  some  of  the  simpler 
cases  of  dehydration  are  here  given. 

1.  When  sulphuric  acid  removes  the  elements  of  water  from 
oxalic  acid  it  splits  up  into  carbonic  anhydride  and  carbonic 
oxide : 

C3H3O,      -     OH3     =     COg     +      CO. 

Oxalic  add.  Water.  Carbonio  Carbonio 

anhydride.  oxide. 

2.  Crotonic  aldehyde  is  formed  from  ordinary  acetic  aldehyde 
when  it  is  heated  with  zincic  chloride : 

2C3H4O     =     C^HgO     +     OHy 

Ald^yde.  Crotonic  aldehyde. 

3.  When  glycerin  is  heated  with  hydric  potassic  sulphate  the 
elements  of  water  are  removed,  and  acrolein  is  produced: 

C3H3O,     -     aOH,     =     CjH.O. 

Glycerin.  AcroleSn. 

4.  Camphor,  when  distilled  with  zincic  chloride,  phosphoric 
anhydride,  or  phosphoric  sulphide,  loses  the  elements  of  water^ 
and  becomes  converted  into  cymene  : 

^loHieO     -     OHj     =     CiqH^^. 

Camphor.  Gymene. 

5.  On  allowing  a  mixture  of  amylic  alcohol  with  zincic  chlo- 
ride to  stand  for  some  time,  and  then  distilling,  amylene  is 
obtained: 

C.H^gO     =     CgHjo     +     OHy 

Amylio  aloohoL  Amylene. 

Much  of  the  amylene,  however,  becomes  polymerized  at  the 
moment  of  formation  by  the  action  of  the  zincic  chloride,  so  that 
the  amylene  is  always  mixed  with  diamylene,  CjqHj^  triamylene, 
C15H3Q,  tetramyjene,  Cg^Hj^,  &c. 
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(1095)  Alkaline  Reagents. — The  action  of  potassic  and  sodic 
hydrates,  and  of  baryta  and  lime,  both  caustic  and  hydrated,  may 
here  be  considered.  Besides  forming  salts  with  the  various  organic 
adds,  they  give  rise  to  reactions  of  some  importance  in  the  ex- 
perimental investigation  of  the  nature  of  the  carbon  compounds. 

T.  Fused  potassic  and  sodic  hydrates  often  act  as  powerful 
oxidizing  agents,  but  as  hydrogen  is  always  evolved  in  this  case^ 
the  results  are  frequently  complicated  from  an  oxidizing  and 
reducing  action  going  on  simultaneously.  A  simple  instance  is 
the  conversion  of  amylic  alcohol  into  valerianic  acid  by  the  action 
of  hot  soda-lime : 

Anytte  aleoboL  Valerfamle  aoid. 

In  a  similar  manner  cellulose  is  oxidized  to  oxalic  acid.  Advan- 
tage has  been  taken  of  this  for  the  preparation  of  the  acid  on  a 
Isrge  scale  by  the  treatment  of  sawdust  with  a  mixture  of  potassic 
and  sodic  hydrates. 

t.  The  elements  of  hydrochloric  acid  are  removed  from 
chlorine  compounds  by  the  action  of  the  alkali ;  thus  ethylenic 
diloride,  when  treated  with  an  alcoholic  solution  of  potassic 
hydrate^  yields  monochlorethylene  or  vinylic  chloride : 

C^H^Cl,     -     HQ     =:     CjHgCl. 

SfltyleQio  ehloiidb.  Vinjiic  cfalorida. 

Many  bromine  and  iodine  compounds  behave  in  a  similar  way ; 
for  instance,  the  vapour  of  vinylic  bromide,  when  passed  into  a 
hot  alcoholic  solution  of  potassic  hydrate,  yields  acetylene : 

C,H,Br     -     HBr     =     C^H,. 

Vinjlle  bromida.  Aoetylene. 

3.  Many  acids  when  heated  with  lime,  or  with  soda-lime,  are 
decomposed  with  elimination  of  carbonic  anhydride,  which  forms 
a  carbonate  with  the  alkali,  or  the  alkaline  earth ;  thus  a  mixture 
of  sodic  acetate  with  twice  its  weight  of  soda-lime,  under  these  cir- 
camstances,  yields  methane  or  marsh-gas : 

CjHjNaO,      +     ONaH     -^     CH^     +     COjNa^. 

SodieiBOfrtfc  Sedle^dnte.  XeUiMM.  Sodlo  earboiuite. 

CH,.COONa     +     ONaH     =     CH^     +     CO(ONa),. 

In  like  manner^  phthalic  acid  splits  up  into  benzene  and  carbonic 
anhydride; 

C3H.0,     »=     C,H.     +     aCO.. 

Fhtbatto  add.  Benwne.  Digitized  by  VjOOQ IC 
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4.  The  HSOj  group  in  the  sulphonic  acids  is  displaced  by  the 
group  OH  when  their  salts  are  fused  with  potassic  or  sodic 
hydrates^  as  is  the  case  with  potassic  benzenesulphonate : 

C^U,{KSO^)  +   aKHO  =  CgHg.OK  -f  SO3K3  +  OH^. 

Potaaiic  beuaenemilphoiiate.  Potassic  phenate. 

On  dissolving  the  product  in  water^  and  acidulating  with  an  acid, 
the  potassic  phenate  is  decomposed  and  phenol  (C^HgOH)  libe- 
rated, which  differs  from  benzenesulphonic  acid,  C^H5(HS0j),  in 
containing  hydroxyl  in  place  of  the  HSO3  group. 

(1096)  Use  of  Acetic  Chloride  and  Benzoic  Chloride. — These 
compounds  are  of  considerable  importance  in  examining  the  con- 
stitution of  certain  organic  compounds  containing  oxygen,  for  by 
their  means  we  can,  in  most  cases,  determine  with  certainty  the 
number  of  OH  groups  there  are  in  the  substance.  These  chlo- 
rides react  with  the  oxygen  compounds  in  such  a  manner  that 
the  hydrogen  in  the  OH  groups  is  displaced  by  acetyl  or  benzoyl 
respectively,  according  to  the  chloride  which  has  been  employed  ; 
for  instance,  acetic  acid,  when  treated  with  acetic  chloride  gives 
rise  to  acetic  acetate  or  acetic  anhydride : 

CjjHjOCOH)      +     CjHgOCl     =     (C,H30)30     +     HCl. 

Aoetio  add.  Acetic  chloride  Acetic  anhydride. 

Again,  orcin,  C^HgOg,  is  thus  shown  to  contain  two  OH  groups, 
and  to  be,  therefore,  a  dihydroxyl  derivative  of  toluene,  C7Hj(0H)jj* 
The  action  is  as  follows  : 

C^H^COH),     +     aCyHgOCl     =     C7H,03(C7H50)j,    +     aHCl. 

Qroia.  Benzoic  chloride.  Dlbenxoyl-orein. 

(1097)  The  list  of  reagents,  the  use  of  which  has  been  con- 
sidered in  the  preceding  paragraphs,  is  far  from  being  exhaustive, 
although  it  includes  most  of  those  which  are  of  general  applica- 
tion. The  others,  such  as  ammonia,  cyanogen,  &c.,  usually 
give  rise  to  a  special  class  of  reactions,  which  will  be  most  con- 
veniently studied  when  describing  the  compounds  produced  in 
this  way. 

Amongst  those  forces  which  affect  chemical  reactions  the  one 
brought  most  prominently  under  the  notice  of  the  chemist  is  un- 
doubtedly heat.  Some  organic  substances,  and  especially  those 
of  complex  structure,  split  up  into  compounds  of  a  simpler  nature 
when  subjected  to  a  high  temperature.  In  other  cases  the  union 
of  two  organic  compounds,  or  the  action  of  reagents  on  them,  is 
greatly  facilitated  by  gently  heating  them.  The  variations  in 
chemical  action  caused  by  elevations  of  temperature  are  so  nume^* 
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rous,  and  of  such  universal  occurrence^  that  the  effects  produced 
by  it  must^  of  necessity,  be  considered  when  the  formation  and 
preparation  of  the  individual  compounds  are  described. 

The  effect  of  insolation,  or  exposure  to  the  direct  rays  of  the 
son,  is  in  many  instances  very  marked,  as  has  already  been 
noticed  in  the  formation  of  hydrochloric  acid  £rom  hydrogen  and 
chlorine  (336).  Results  of  a  similar  nature  are  frequently  ob- 
tained with  oi^anic  compounds ;  for  instance,  mercury  has  no 
perceptible  action  on  methylic  iodide  when  protected  from  the 
light,  but  on  exposure  to  the  direct  solar  rays  combination  gradu- 
ally ensues,  and  mercuric  iodomethide,  HgCHgl,  is  produced. 


CHAPTER  IV. 

CYANOGEN    AND    ITS   COMPOUNDS. 


(1098)  Cyanogen:  C^jN,  or  Cyjj=52. — ^This  substance  is 
one  of  the  most  interesting  compounds  of  carbon,  and  its 
discovery  by  Gay-Lussac,  in  18 14,  formed  an  epoch  in  the 
history  of  chemical  science.  It  was  the  first  compound  body 
which  was  distinctly  proved  to  enter  into  reactions  in  a  manner 
similar  to  that  in  which  the  elements  do.  New  views  of  chemical 
composition  were  thus  originated,  which  were  afterwards  exten- 
sively developed  in  the  theory  of  the  so-called  compound  radicles, 
and  have  exercised  a  most  material  inflence  upon  the  theory  of 
organic  compounds  in  general.  The  name  of  Cyanogen  (from 
jcvayoc  blue,  y&fvino  to  produce),  is  derived  from  the  circumstance 
that  this  body  forms  an  essential  ingredient  in  Prussian  blue.  It 
does  not  as  yet  seem  to  have  been  formed  by  the  direct  union  of 
its  constituent  elements,  but  if  a  mixture  of  charcoal  and  potassic 
carbonate  be  heated  to  redness  in  a  porcelain  tube,  and  nitrogen 
passed  over  it,  carbonic  oxide  escapes  abundantly,  whilst  potassic 
cyanide  is  produced:  K,C03+4C+N2=aKCN  +  3CO.  This 
operation  takes  place  in  the  blast  furnace  during  the  smelting  of 
iron,  a  notable  quantity  of  potassic  cyanide  being  formed  near 
the  hottest  part  (no/e,  730),  the  potassium  being  derived  from  the 
ashes  of  the  coal  or  from  the  clay  in  the  ore  employed. 

Ammonia  if  passed  over  glowing  charcoal  yields  cyanogen 
compounds  still  more  readily,  especially  when  potassic  carbonate 
is  also  present.  The  oxidized  compounds  of  nitrogen,  such  as 
the  nitrates^  likewise  readily  furnish  small  quantities  of  the^om- 
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pounds  of  cyanogen^  as  is  frequently  observed  in  deflagrating 
charcoal  with  nitre. 

The  sensitive  reaction  for  ascertaining  the  presence  of  nitrogen 
in  organic  compounds  already  mentioned  (1036)  is  founded  upon 
the  facility  with  which  either  potassium  or  sodium  determines  the 
formation  of  cyanogen  from  nitrogenized  compounds  of  carbon. 
Advantage  is  also  taken  of  this  circumstance  in  the  manufacture 
of  potassic  ferrocyanide.  When  animal  matters  containing  nitro- 
gen are  heated  with  potassic  carbonate  at  a  high  temperature^ 
the  latter  is  reduced,  and  the  potassium  at  the  moment  of  its 
liberation  combines  with  the  nitrogen  and  a  portion  of  the  carbon 
to  form  potassic  cyanide,  which  is  subsequently  converted  into 
ferrocyanide  (11 14). 

Cyanogen  is  also  present  in  small  quantity  among  the  pro- 
ducts obtained  during  the  distillation  of  pit  coal,  and  it  is 
formed  during  the  decomposition  of  ammonic  oxalate  by  heat^ 
CgO^CNHJa  yielding  C,N2+40H3. 

Cyanogen  is  usually  prepared  by  strongly  heating  dry  mercuric 
cyanide,  HgCy^,  in  a  retort  or  glass  tube,  when  it  splits  up  into 
metallic  mercury  and  cyanogen  gas  which  should  be  collected 
over  mercury.  Instead  of  mercuric  cyanide  a  mixture  of  two 
parts  of  thoroughly  dried  potassic  ferrocyanide  and  three  of 
mercuric  chloride  may  be  employed. 

Cyanogen  is  a  transparent  colourless  gas  which  bums  with  a 
beautiful  rose-edged  purple  flame.  It  has  a  peculiar  penetrating 
odour  and  is  poisonous  if  respired.  Water  at  the  ordinary  tempera- 
ture dissolves  about  four  times  its  volume  of  the  gas,  and  it  is 
still  more  freely  soluble  in  alcohol.  In  porcelain  or  glass  vessels 
it  supports  a  high  temperature  without  decomposition,  but  if  heated 
in  iron  tubes,  charcoal  is  deposited,  and  a  volume  of  nitrogen 
remains  equal  to  ttiat  of  the  cyanogen  used. 

The  composition  of  cyanogen  may  be  determined  by  detona- 
tion in  the  eudiometer  with  oxygen,  the  combustion  being 
attended  with  a  powerful  explosion.  One  volume  of  cyanogen 
and  two  volumes  of  oxygen  yield  two  of  carbonic  anhydride  and 
one  of  nitrogen:  CjNj  +  20g=2COj+N3;  two  volumes  of  cya- 
nogen therefore  contain  two  volumes  of  nitrogen,  or  a8  parts  by 
weight,  united  to  24  parts  by  weight  of  carbon : 

"Bj  weight.  By  toL 

Carbon         ..,         C,     =      24  or  46-15     ...      P 
Nitrogen      ...         N,     ^      28        53-85     ...     2 

Cyanogen     ...     C^,     *     53     loooo     ...     2 
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Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  pressure 
of  about  four  atmospheres  at  a  temperature  of— 12°-5  (9°*5  F.),  It 
forms  a  colourless,  limpid  liquid,  of  sp.  gr.  0*866  at  17°  [62^-6  F.), 
which,  on  the  removal  of  the  pressure,  rapidly  but  quietly 
resumes  the  gaseous  state ;  according  to  Buuseu  it  boils  at 
— ao*'7(-5°  F.).  It  freezes  at  — 34''-5  (-30*"  F.),  and  forms  a 
transparent  crystalline  solid,  which  is  iiearly  of  the  same  density 
as  the  liquid* 

Fig.  390  shows  an  easy  method  of  liquefying  cyanogen  by  the  pressure  of 
its  own  Tapoor :  a  tube  of  hard  glass  is  bent  in  the  fonn  of  a,  h^  c.     Into  the 

Pio.  390. 


Hub,  a,  well-dried  mercuric  cyantde  is  introduced ;  the  bend,  h,  is  placed  in  a 
basin  containing  a  freezing  mixture  of  ice  and  salt,  and  heat  is  applied  cautiously 
to  the  cyanide  at  a ;  as  soon  as  the  gas  begins  to  escape,  the  stopcock  at  c  is 
closed,  and  the  cyanogen  then  becomes  condensed  in  the  liquid  state  and  collects 
m  the  bend,  h. 

If  potassium  be  heated  in  cyanogen  it  burns  and  combines 
with  it,  forming  potassic  cyanide,  a  saline  body  analogous  to 
sodic  chloride  or  common  salt:  CgNg  +  KgsraKCN.  This  re- 
action is  evidently  analogous  to  that  which  takes  place  with 
chlorine  and  potassium  under  similar  circumstances:  Cl^  +  Kg= 
aKCl,  and  serves  to  illtistrate  the  existence  of  the  remarkable 
property  possessed  by  cyanogen  of  behaving  with  metals  and 
other  bodies  like  the  haloid  elements.  The  aqueous  solution  of 
cyanogen  gradually  decomposes  when  kept;  a  brown  substance 
is  deposited,  and  the  solution  contains  ammonic  oxalate  together 
with  other  products:  C3Nj,+40H^=Cj.04  (NHJ^.  When  cya- 
nogen  is  passed  into  a  concentrated  solution  of  hydrochloric  acid 
the  liquid  after  some  hours  deposits  crystal  oioxamide-,  0^^^ 
20Hg=C303(NHj)j.  Dry  ammonia  and  cyanogen  combine, 
forming  hydrazttlmin,  C^N^H^  (see  mycomelic  acid). 

(1099)  Pabactanoobn,  CjjN^. — When  thoroughly  dry  mercuric  cyanide  ia 
ftnmgly  heated,  as  in  the  preparation  of  cyanogen,  a  brown  reeidue  is  led  in  the 
^irtort.  which  ocmaiats  of  a  compound  of  carbon  and  nitrogen  of  the  same  cente-r 
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Bimal  composition  as  cyanogen.  The  constitation  of  paracyanogen,  as  this 
polyroeride  of  cyanogen  is  called,  is  at  present  unknown.  According  to  Troost 
and  Hautefeuille,  the  best  method  of  preparing  it  is  to  heat  the  dry  mercuric 
cyanide  in  sealed  tubes  to  440^  (824°  F.)  in  boiling  sulphur  for  twenty -four 
hours,  subsequently  removing  the  mercury  by  heating  the  product  to  440^ 
(824^  F.)  in  a  stream  of  cyanogen ;  by  this  means  40  per  cent  of  the  cyanogen 
present  is  converted  into  paracyanogen  (Comptes  rendw,  Ixvi.  735,  795).  Ar- 
gentic cyanide  also,  when  strongly  heated  under  pressure,  yields  a  large  propor- 
tion of  paracyanogen.  This  compound  is  insoluble  in  water,  and  is  neither  vola- 
tile nor  fusible.  When  heated  to  860^  (1580^  F.),  it  is  entirely  reconverted 
into  gaseous  cyanogen. 

(1 100)  Htdbocyanic  acid;  Hydric  Cyanide,  or  Prussic  Acid : 
HCN  or  HCy=  27. — When  a  mixture  of  cyanogen  and  hydrogen  is 
submitted  to  the  action  of  the  silent  electric  discharge  the  two 
gases  unite  to  form  the  so-called  hydrocyanic  acid,  but  other 
substances  appear  to  be  produced  at  the  same  time:  CgNj  +  H^ss 
aHCN ;  it  has  also  been  observed  by  Berthelot  that  when  a 
rapid  stream  of  sparks  from  an  induction  coil  is  passed  through  a 
mixture  of  acetylene  and  nitrogen  a  portion  of  the  mixed  gases  is 
converted  into  hydrocyanic  acid:  C2H3  +  N3=aHCN.  Hydro- 
cyanic acid^  mixed  with  a  peculiar  essential  oil,  is  obtained  by 
distillation  from  the  kernels  of  the  bitter  almond,  and  from 
those  of  many  varieties  of  stone  fruit ;  it  is  also  present  in  the 
water  which  is  distilled  off  the  leaves  of  the  laurel,  the  peach, 
and  some  other  shrubs ;  the  juice  of  the  tapioca  plant  {Jatropha 
manihot)  likewise  contains  it,  and  it  is  also  formed  under  various 
circumstances  during  the  oxidation  and  decomposition  of  certain 
nitrogenized  substances. 

The  acid  may  be  easily  prepared  in  many  ways ;  thus,  if  a 
current  of  dried  sulphuretted  hydrogen  be  passed  through  a  long 
tube  filled  with  mercuric  cyanide  until  the  latter  has  become 
almost  entirely  blackened,  mercuric  sulphide  and  hydrocyanic 
acid  are  formed:  HgCy^-f  H2S  =  HgS  +  2HCy.  It  may  also  be 
obtained  by  decomposing  any  of  the  cyanides  with  a  strong  acid, 
and  subjecting  them  to  distillation ;  for  example,  mercuric  cya- 
nide when  treated  with  hydrochloric  acid  yields  it  readily,  but  as 
hydrocyanic  acid  combines  with  the  mercuric  chloride  formed 
during  the  reaction,  the  whole  of  the  hydrocyanic  acid  is  not 
obtained  by  this  means  unless  ammonic  chloride  be  added  to  the 
mixture :  this  combines  with  the  mercuric  chloride  and  liberates 
the  hydrocyanic  acid.  The  most  economical  process  is  that  of 
Wohler :  he  prepares  a  crude  potassic  cyanide  by  fusing  8  parts 
of  dried  potassic  ferrocyanide  with  3  of  potassic  carbonate  and  i 
part  of  charcoal.  The  decomposition  which  takes  place  is  shown  in 
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thefollowing  equation:  K^FeCy^ + KgCOg  +  aC= 6KCy  +  Fe + 3CO. 
The  fused  masa  is  treated  with  6  times  its  weight  of  water^ 
in  a  well-closed  vessel,  and  the  clear  liquid,  decanted  from 
the  iron  which  it  is  the  object  of  this  operation  to  separate,  is 
poured  into  a  retort;  sulphuric  acid,  diluted  with  an  equal 
weight  of  water,  is  then  gradually  added  in  the  proportion  of 
I  part  of  the  acid  to  2  of  the  cyanide.  At  first  the  distillation 
proceeds  spontaneously  from  the  heat  developed  by  the  admix- 
ture of  the  sulphuric  acid  with  the  water,  and  in  order  to  condense 
the  acid,  the  products  are  made  to  pass  through  a  long  Urshaped 
tube,  immersed  in  cold  water,  and  filled  with  calcic  chloride,  with 
the  exception  of  the  first  fourth  of  the  tube,  which  contains 
fragments  of  the  crude  potassic  cyanide;  to  the  bent  tube  is 
attached  a  second  delivering  tube,  which  passes  to  the  bottom  of 
a  bottle  cooled  with  ice  and  salt.  The  calcic  chloride  in  the 
U-tube  retains  the  moisture,  and  the  potassic  cyanide  any 
sulphuric  acid  that  might  chance  to  pass  over,  whilst  the 
hydrocyanic  acid  collects  in  the  anhydrous  state  in  the  cooled 
receiver.  Owing  to  its  intensely  poisonous  character,  and  almost 
instantaneous  action  in  destroying  life,  the  greatest  care  is 
requisite  in  conducting  experiments  with  this  substance ;  the 
apparatus  should  always  be  arranged  so  that  the  vapours  are 
carried  away  from  the  operator  by  a  brisk  current  of  air.  The 
reaction  of  sulphuric  acid  upon  potassic  cyanide  is  very  simple, 
being  exactly  analogous  to  its  action  upon  sodic  chloride : 

aKCy  +  aH,S04=  aHCy  +  aKHSO^. 

Anhydrous  hydrocyanic  acid  is  a  colourless,  transparent  liquid, 
which  boils  at  26°-5  (80^  F.) ;  sp.  gr.  7058  at  7°  (44^6  F.)  It 
is  very  volatile ;  in  fact,  so  rapidly  does  it  evaporate,  that  if  a 
drop  be  allowed  to  fall  upon  a  glass  plate,  part  of  the  acid 
becomes  frozen  by  the  cold  produced  by  its  own  evaporation.  Its 
vapour  has  an  odour  resembling  that  of  peach  blossoms,  causing 
a  peculiar  sense  of  oppression,  and  a  constriction  in  the  fauces. 

Hydrocyanic  acid  is  very  inflammable;  it  burns  with  a  flame 
resembling  that  of  cyanogen,  but  of  a  whiter  colour.  When 
potassium  is  heated  in  hydrocyanic  acid  vapour,  potassic  cyanide 
is  formed,  and  a  volume  of  hydrogen  equal  to  half  that  of  the 
vapour  employed  is  liberated ;  chlorine  and  bromine  decompose 
it  immediately,  hydrochloric  or  hydrobromic  acid  is  produced, 
and  if  excess  of  the  halogen  be  present,  cyanogen  chloride  or 
bromide  is  formed.     If  5  volumes  of  oxygen  be  mingled  with 
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4  of  hydrocyanic  vapour,  a  mixture  is  obtained  which  detonates 
powerfully  on  passing  the  electric  spark  ;  4  volumes  of  carbonic 
anhydride  and  2  of  nitrogen  remain,  and  2  volumes  of  steam  are 
cond  ensed :  4HCN  +  5O2 = 4CO3  +  aN^  +  aOHg,  The  composition 
of  hydrocyanic  acid  may  be  calculated  from  the  result  of  this 
experiment,  and  may  be  represented  as  follows : 

By  weight.  By  tol. 

Carbon  C      «      12  or  44*45  ...      P 

Nitrogen      N      =      14        51-85  ...     i 

Hydr^n     H      =        i  370  ...      i 

Hydrooyanio  acid  ...   HON     =      27       locoo     ...     2 

When  anhydrous  hydrocyanic  acid  is  mixed  with  its  own 
weight  of  water,  a  contraction  in  bulk  amoimting  to  between  6 
and  7  per  cent,  takes  place,  and  at  the  same  time  a  depression  of 
several  degrees  of  temperature  occurs  (Bussy  and  Bnignet).  The 
same  effects  are  observed  in  a  smaller  degree  if  the  two 
liquids  are  mixed  in  other  proportions;  but  the  maximum 
reduction  of  temperature  occurs  when  equal  weights  of  the  two, 
corresponding  to  aHCy,30H^  are  taken.  {Ann.  CMm.  Phys. 
[4],  iii.  :z37.) 

Hydrocyanic  acid  reddens  litmus  slightly,  dissolves  mercuric 
oxide  freely,  and  precipitates  argentic  nitrate  in  white  flocculi  of 
argentic  cyanide,  AgCy  ;  but  the  acid  properties  of  this  body  are 
£ELr  less  pronoimced  than  those  of  hydrochloric  acid,  to  which  it  is 
analogous  in  composition,  which  may  be  due  to  cyanogen  being 
but  feebly  negative  as  compared  with  chlorine. 

Pure  hydrocyanic  acid  may  be  kept  unchanged  according  to 
Gautier,  but  if  it  contain  a  trace  of  water  or  ammonic  cyanide, 
or  other  impurity,  it  soon  alters,  especially  if  exposed  to  light ;  a 
brown  humus-like  matter  is  then  formed. 

Pelouze  has  pointed  out  a  remarkable  decomposition  which 
furnishes  dilute  hydrocyanic  acid  almost  in  a  state  of  purity : 
I  molecule  of  crystallized  ammonic  formate  contains  the  elements 
of  I  molecule  of  hydrocyanic  acid  and  %  molecules  of  water.  If 
this  salt  be  placed  in  a  retort  and  heated,  it  melts  at  120^  (248^  F.), 
loses  a  little  ammonia  at  140°  (284^  F.),  and  between  180^  and 
aoo°  (356°  and  392*^  F.),  distils  over ;  if  the  vapour  be  passed 
through  a  red-hot  tube  it  is  wholly  converted  into  hydrocyanic 
acid  and  water :  HCOONH^==  HCN  +  aOHg.  On  the  other  hand, 
an  aqueous  solution  of  hydrocyanic  acid  undergoes  spontaneous 
decomposition,  part  of  it  being  converted  into  ammonic  formate  ; 
HCN   +  riOHg  =  HCOONH^. 
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The  foTmation  of  oxalic  acid  from  cyanogen  (p.  89)9  and  of 
formic  acid  from  hydrocyanic  acid^  by  the  action  of  water  is  the 
result  of  the  conversion  of  the  CN  group  into  the  COOH  or 
carboxyl  group ;  thus : 

C=N  0=C-0-H 

I  +  4OH,  =  I  +   aNH,. 

C=N  '        0=C-0-H  * 

Cyaiiogen.  Oxalic  add. 

H  -  C  =  N  +  aOH,  =  H-C-O-H  +  NH,. 

fl 

O 

HjdrocjjanSe  add.  Fonnioadd. 

This  observation  is  of  considerable  importance^  as^  in 
fact,  whenever  the— C^^N  group  is  present  in  a  compound  it 
may  be  resolved  into  the  0=C— O— H  group  by  the  action 
of  water.  .  ^  * 

DQute  hydrocyanic  acid  may  be  prepared  by  the  distillation 
of  potassic  ferrocyanide  with  dilute  sulphuric  acid ;  10  parts  of 
the  salt  being  dissolved  in  4  times  its  weight  of  warm  water^ 
and  distilled  with  7  parts  of  the  acid  diluted  with  t^dce  its 
weight  of  water,  until  about  half  the  bulk  of  the  liquid  has 
passed  oveif.     In  this  reaction, 

2K^(FeCy^  +  6HjS0^= 6HCy + K^Fe'^CPeCy^  +  6KHS0^ 

only  one-half  of  the  cyanogen  present  in  the  ferrocyanide  is 
obtained  as  hydrocyanic  acid,  a  white  insoluble  compound,  long 
known  as  Everitt^s  salt,  being  left  in  the  retort;  this  has  the 
eomposition  K2Fe''(FeCyg),  and  appears  to  be  identical  with  the 
potassic  ferrous  ferrocyanide  formed  on  adding  a  solution  of  a 
ferrous  salt  to  one  of  ferrocyanide  (ii2c^. 

As  the  acid  is  now  frequently  employed  in  medicine,  it  is  highly  importantg 
oil  aocoont  of  its  energetic  action,  to  be  able  to  insure  its  preparation  of  an  nni* 
form  strength ;  this  is  easily  attained  by  the  process  of  a  former  Pharmacopiceiay 
which  directs  48^  grains  of  argentic  cyanide  to  be  suspended  in  an  ounce  of 
water,  and  to  be  decomposed  by  39^  grains  of  hydrochloric  acid,  decanting  the 
dear  liquid  from  the. argentic  chloride;  this  acid  contains  2  per  cent,  of  the  an- 
hydrous acid.  The  acid  when  dilute  is  less  prone  to  decomposition  than  when 
concentrated,  especially  if  a  little  free  sulphuric  acid  be  present :  but  it  should 
always  be  excluded  from  the  light.  This  acid  is  extremely  volatile,  and  if  a 
bottle  containing  the  diluted  acid  be  left  open  for  a  few  hours  it  will  be  found 
to  have  suffered  a  very  material  reduction  in  strength ;  indeed,  the  mere  open- 
ing and  closing  the  bottle  in  diKpensing  the  medicine  always  reduces  its 
strength.  When  subjected  to  distillation  a  large  qaantity  is  usually  lost,  and 
the  greater  portion  of  the  acid  comes  over  in  the  first  fourth  of  the  distillate. 
What  is  called  Seheeles  acid  varies  greatly  in  strength,  owing  to  the  difBculty 


\ 
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of  condensing  the  acid  vapour.  It  is  directed  to  be  prepared  by  mixing  lo 
parts  of  potamic  ferrocyanide  with  375  of  sulphuric  acid  previously  diluted 
with  40  parts  of  water,  and  distilling  over  till  10  parts  are  collected.  It 
seldom  contains  more  than  5  per  cent,  of  the  acid,  and  the  proportion  is  often 
considerably  less. 

(iioi)  Hydrocyanic  acid  possesses  the  property  of  combining 
directly  with  the  haloid  acids  forming  crystalline  compoxmds 
which  in  contact  with  water  decompose  with  the  greatest  readiness 
into  the  corresponding  ammonic  salt  and  formic  acid^  thus : 

N(CH)'''HC1  -h  2OH,  =  NHp  +  HCOOH. 

EoRMONiTEiLE  HTDRocHLORiDE,  or  Methmylammonic  Chloride ; 
N(CHrHCl=HCN,HCl.— Hydrochloric  acid  is  rapidly  absorbed 
by  well  cooled  anhydrous  hydrocyanic  acid^  and  on  allowing  the 
mixture  to  stand  it  becomes  hot  and  deposits  the  new  compound 
in  a  crystalline  state.  It  is  very  hygroscopic  and  its  solutio^ 
rapidly  decomposes.  It  is  insoluble  in  ether^  but  soluble  in 
alcohol,  and  is  decomposed  by  it.  Hydrocyanic  acid  unites 
with  hydriodic  acid  to  form  the  hydriodide^  CHN^HI. 
The  compound  of  hydrocyanic  acid  with  hydrobromic  acid, 
according  to  Gal^  has  the  formula  CHN^HBr^  but  according  to 
Gautier  its  formula  is  aCHN,3HBr.  Compounds  of  hydro- 
cyanic acid  with  certain  metallic  chlorides  also  exists  such  as 
those  with  antimonic  chloride,  SbCl5,3HCy,  with  ferric  chloride 
Pe2Clg,4HCy,  and  with  stannic  chloride  SnCl^HCy;  they  are 
crystalline  substances,  and  may  be  prepared  by  the  direct  union 
of  hydrocyanic  acid  with  the  anhydrous  metallic  chloride, 

(1102)  Tbihtdboctanio  Acid,  C,N,H,. — When  hydrocyanic  acid  or  its 
aqueous  solution  is  heated  with  epichlorhydrin,  or  when  an  aqueous  solution,  to 
which  a  small  quantity  of  an  alkaline  hydrate  has  been  added,  is  allowed  to  stand 
for  some  weeks,  a  part  of  the  hydrocyanic  acid  is  converted  into  a  polymeric 
modification,  which  may  be  extracted  from  the  brown  humus^ike  mass  by  means 
of  ether.  On  evaporating  the  ethereal  solution  a  brown  crystalline  mass  of  the 
so-called  trihydrocyanic  acid  is  left,  which  Can  be  purified  by  treatment  with 
animal  charcoal  and  crystallization  from  hot  water.  It  is  only  slightly  soluble 
in  cold  water,  more  readily  in  hot  water.  This  compound  is  decomposed  by  the 
action  of  alkalies  or  acids,  yielding  amidoacetic  acid  or  glyoocine,  carbonic  anhy- 
dride, and  ammonia : 


iTdroQTanJ 


+   2HCI   +   4OH,  =   C  NH,0,   +    CO,   +    2NH^a. 

AmidoMetic  acid. 


(i  103)  Detection  of  Hydroofanic  Acid  and  the  Cyanides, — The 
presence  of  hydrocyanic  acid  or  of  the  soluble  cyanides  in  solu- 
tion may  be  determined  by  the  following  tests : — 

I.  With  argentic  nitrate,  a  white  curdy  precipitate  is  formed^ 
which    does  not   blacken   by  exposure  to  lights  ancUis  nearly 
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insQlnble  in  cold  nitric  acid  ;  when  the  dry  precipitate  is  heated 
to  redness  it  gives  off  cyanogen. — 2.  If  to  the  liquid  a  slight 
excess  of  potassic  hydrate  be  added^  and  then  a  mixture  of 
ferrous  and  ferric  sulphate^  a  precipitate  of  hydrated  ferric  and 
ferrous  oxide  is  produced^  which,  when  treated  with  excess  of 
hydrochloric  acid,  leaves  Prussian  blue.  This  test  may  be  modi- 
fied by  gently  heating  the  suspected  mixture  with  sulphuric  acid, 
and  suspending  in  the  flask  or  retort  for  a  few  minutes  a  piece 
of  paper  moistened  with  a  solution  of  potassic  hydrate;  on 
dropping  a  weak  solution  of  the  mixed  sulphates  of  iron  upon 
the  paper,  and  then  immersing  it  in  diluted  sulphuric  acid,  hydro* 
cyanic  acid  may  be  recognised  by  the  formation  of  Prussian  blue 
when  very  minute  traces  only  are  present. — 3.  Let  the  liquid  be 
acidulated  with  a  few  drops  of  hydrochloric  acid,  place  it  in  a  * 
watch-glass,  and  let  a  second  watch-glass  be  inverted  over  it, 
moistened  with  a  drop  of  a  solution  of  yellow  ammonic  sulphide 
(containing  ammonic  disulphide) ;  after  a  few  minutes  let  the 
upper  watch-glass  be  removed,  and  the  liqtdd  be  evaporated  to 
dryness  at  a  gentle  heat :  ammonic  sulphocyanate  will  be  left, 
and  the  volatile  ammonic  sulphydrate  will  pass  off:  (NH^gSg-h 
HCN=CNS.NH^+  SH.NH^.  On  adding  a  drop  of  a  weak  solu- 
tion of  ferric  chloride  to  the  dry  residue  a  red  colour  is  produced, 
due  to  ferric  sulphocyanate. 

(1104)  Estimation  of  Hydrocyanic  Acid Liebig  has  given  a 

ready  method  for  the  exact  determination  of  the  strength  of 
a  solution  of  hydrocyanic  acid  founded  upon  the  solubility  of 
the  double  cyanide  of  potassium  and  silver  (1109). 

The  add  to  be  tested  is  supersaturated  with  a  solution  of 
potassic  hydrate,  and  a  standard  solution  of  argentic  nitrate 
(containing  17  granune  of  nitrate  in  100  cubic  centim.  of  water) 
iB  gradually  added,  agitating  the  mixture  after  each  addition : 
as  soon  as  the  precipitate  is  no  longer  redissolved,  the  number 
of  cubic  centims.  of  nitrate  added  is  read  off;  17  grm.  of  argentic 
nitrate  represent  0*34  grm.  of  hydrocyanic  acid.  The  reaction 
is  the  following:  AgN08+aKCy=AgCy,KCy+KN03.  The 
presence  of  chlorides  does  not  interfere  with  the  application  of 
the  test. 

Cupric  sulphate  may  be  substituted  for  the  argentic  nitrate 
if  the  hydrocyanic  solution  be  rendered  alkaline  with  ammonia 
instead  of  with  potassic  hydrate.  The  reaction  is  complete  as 
soon  as  the  liquid  acquires  a  slightly  blue  tinge :  1*247  &^*  ^^ 
the  crystallized  sulphate  represents  0*54  grm.  of  hydrocyanic 
acid. 
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The  qoabtity  of  cyanogen  in  the  simple  cyanides  may  be  detennined  by  tiie 
following  method  proposed  by  Heisch  {Joum.  Chem,  Soe.,  ii.  219).  The  sub- 
stance for  analysis  is  placed  in  a  small  flask  with  some  pieces  of  pure  zinc  and  • 
little  water;  the  neck  of  the  flask  is  fitted  with  a  cork,  through  which  an 
passed  a  tube  bent  twice  at  right  angles  for  carrying  off  the  gas  which  is  disen- 
gaged, and  a  tube  funnel,  down  which  snlphurio  acid  is  poured.  Hydrogen  is 
liberatec(,  and  carries  off  the  whole  of  the  cyanogen,  in  the  form  of  hydrocyanic 
acid,  which  is  arrested  by  causing  it  to  pass  through  a  solution  of  aigentie 
nitrate.  The  argentic  cyanide  may  afterwards  be  collected  upon  a  filter  and 
weighed;  but  it  is  better  to  conduct  the  vapours  of  hydrocyanic  acid  into  a 
solution  of  potassic  hydrate,  and  afterwards  to  add  to  the  alkaline  liquid  » 
standard  solution  of  argentic  nitrate,  or  of  cupric  sulphate. 

(1105)  Cyanides. — ^The  cyanides  of  the  metals  of  the  alkalies 
and  alkaline  earths  are  freely  soluble  in  water^  whilst  most  of  the 
cyanides  of  the  heavy  metals  are  insolnble ;  when  boiled  with 
hydrochloric  acid  they  are  generally  decomposed  with  erolution 
of  hydrocyanic  acid ;  those  of  silver  and  mercury^  when  heated 
to  redness,  yield  cyanogen  gas.  Hhe  soluble  cyanides  give  a  grey 
precipitate  of  the  reduced  metal  when  mixed  with  a  solution  of 
a  mercurous  salt ;  the  mercuric  salts^  on  the  contrary,  g;ive  no  pre- 
cipitate. Most  of  the  cyanides  which  are  insoluble  in  water  maj 
be  dissolved  by  means  of  a  solution  of  the  cyanide  of  an  alkali 
metal :  in  such  cases  double  cyanides  are  generally  formed. 
The  cyanides  of  iron,  cobalt,  manganese,  chromium,  platinum, 
and  some  other  metals  form,  with  the  cyanides  of  the  metals  of 
the  alkalies  and  the  alkaline  earths,  'compounds  of  a  peculiar 
character  in  which  the  presence  of  the  iron,  or  the  cobalt,  &c., 
cannot  be  detected  by  the  usual  tests  for  these  metals.  Some  of 
these  compounds  are  of  considerable  importance. 

(1106)  Potassic  Cyanide  ;  KCN  or  KCy=65"i. — ^This  salt  is 
formed  when  potassium  is  heated  in  cyanogen  or  hydrocyanic 
acid  vapour,  or  when  potassic  hydrate  is  dissolved  in  a  solution 
of  hydrocyanic  acid.  It  is  most  conveniently  prepared  by  heat- 
ing thoroughly  dried  potassic  ferrocyanide  to  redness  in  an  iron 
vessel,  taking  care  to  exclude  the  air,  the  reaction  being 
K4FeCgN^=4KCN  +  FeC2-|-N2.  Most  of  the  potassic  cyanide 
may  be  poured  off,  in  a  fused  state,  from  the  iron  carbide  which 
settles  at  the  bottom,  and  the  remainder  may  be  obtained  by 
pulverizing  the  latter  and  extracting  it  with  boiling  alcohol, 
which  deposits  the  cyanide  in  the  crystalline  state  on  cooling. 
It  may  also  be  obtained  by  heating  to  dull  redness  in  a  covered 
iron  crucible  a  mixture  of  8  parts  of  anhydrous  potassic  ferro- 
cyanide, and  3  of  dried  potassic  carbonate  until  the  fused  mass 
has  lost  its  yellow  colour,  and  ceases  to  give  off  bubbles  of  gas. 
The  iron  is  separated  in  the  form  of  a  metallic  powder^  and  sub- 
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aides  to  the  bottom  of  the  crucible ;  the  fdsed  cyanide  can  then 
be  poured  off,  as  in  the  previous  process^  and  solidifies  on  cooling 
to  a  milk-white  mass.  The  cyanide  thus  obtained  is,  howeyer^ 
always  mixed  with  a  portion  of  cyanate^  the  reaction  being  shown 
in  the  following  equation : 

K,FeC,N^   +   KjCOj  =  5KCN  +   KCNO   +   Fe  +   CO^. 

Fotassic  cyanide  is  prepared  in  considerable  quantities  for  the 
purpose  of  dissolving  the  salts  of  gold  and  silver  in  the  processes 
of  dectrotyping ;  it  is  also  employed  in  photography. 

If  it  be  desired  to  avoid  the  presence  of  potassic  cyanate^  it 
nuiy  be  got  rid  of  by  adding  to  the  mixture  of  the  carbonate  and 
ferrocyanide^  before  fusion^  one-eighth  of  its  weight  of  charcoal, 
which  at  a  red  heat  reduces  the  potassic  cyanate  to  cyanide : 
the  fused  salt,  when  decanted  from  the  iron,  will  then  have  a 
black  aspect,  owing  to  the  presence  of  the  charcoal  which  has 
been  employed  in  excess.  If  it  is  to  be  used  in  solution  imme- 
diately, it  may  be  dissolved  in  water  and  filtered,  or  it  may  be 
purified  by  crystallization  from  boiling  alcohol.  When  pure 
polassic  cyanide  is  required,  however,  it  is  best  to  pass  the 
vapour  of  dry  hydrocyanic  acid  into  a  solution  of  potassic  hydrate 
in  absolute*  alcohol.  It  is  then  at  once  precipitated  in  the 
crystalline  state. 

Fotassic  cyanide  forms  colourless,  deliquescent  cubes ;  it  has 
an  alkaline  reaction,  and  when  moist  emits  an  odour  of  hydro- 
cyanic acid ;  it  is  highly  poisonous.  Its  aqueous  solution  slowly 
decomposes  at  the  ordinary  temperature,  and  much  more  rapidly 
when  boiled,  giving  rise  to  potassic  formate  and  ammonia: 
CNK + 20Hj=  HCOOK + NHj.  Fused  potassic  cyanide  rapidly 
absorbs  oxygen,  so  that  it  is  a  powerful  and  valuable  reducing 
agent.  The  oxides  of  a  large  number  of  metals,  including  those 
of  lead,  copper,  and  iron,  when  thrown  into  the  melted  salt  are 
isunediately  reduced  to  the  metallic  state,  while  potassic  cyanate 
is  formed.  It  may  also  be  used  in  the  laboratory  as  a  reducing 
agent  instead  of  black  flux,  in  testing  for  arseuicum  (841). 
Solutions  of  potassic  cyanide  dissolve  metaUic  iron,  zinc,  nickel, 
and  copper,  with  evolution  of  hydrogen,  while  potassic  hydrate  is 
produced.  Silver  and  gold  are  also  dissolved  by  the  solution  of 
potassic  cyanide,  if  air  be  allowed  free  access,  and  double  cyanides 
of  potassium  with  those  metals  are  formed.  Cupric  sulphide 
IB  soluble  in  an  excess  of  potassic  cyanide,  and  may  be  thus 
easily  separated  from  cadmic  sulphide,  which  is  insoluble  in  this 
reagent. 
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(1107)  Double  Cyanides. — Potassic  cyanide  frequently  pro- 
duces a  precipitate  of  a  metallic  cyanide  when  mixed  with  solu- 
tions of  the  metals^  and  in  a  great  number  of  instances  they  are 
soluble  in  an  excess  of  the  potassic  cyanide^  forming  crystallizable 
double  salts.  The  cyanides  of  the  metals  of  the  other  alkalies 
and  of  the  alkaline  earths^  when  substituted  for  potassic  cyanide, 
produce  similar  double  cyanides.  The  double  cyanides  which 
are  formed  in  these  cases  are  of  two  kinds  or  classes;  those 
of  the  first  class  are  highly  poisonous^  and  comparatively  unstable, 
being  decomposed  by  dilute  acids,  such  as  hydrochloric  acid.  In. 
such  cases  the  potassic  cyanide  is  decomposed,  hydrocyanic  acid 
is  liberated,  and  the  insoluble  metallic  cyanide  is  precipitated : 
the  double  salts  which  the  cyanides  of  zinc,  nickel,  copper,  and 
silver  form  with  potassic  cyanide  belong  to  this  class.  When, 
for  example,  potassic  nickelous  cyanide  is  decomposed  by  hydio- 
chldtic  acid  nickelous  cyanide  is  precipitated ;  the  following  re- 
action taking  place : 

NiCyjysKCy  +   aHCl  =  NiCyj,  +   aKQ   +   aHCy. 

The  alkalies  do  not  occasion  precipitates  in  the  solutions  of  the 
double  cyanides.  When  these  double  cyanides  are  mixed  with  a 
solution  of  a  metallic  salt  which,  like  plumbic  acetate  or  cupric 
sulphate,  is  capable  of  furnishing  an  insoluble  cyanide,  a  double 
insoluble  cyanide  is  formed ;  for  example  : 

NiCy^aKCy   +   PbCCjHjOjj)^  =  NiCyj^PbCyj   +   aKC^HjO,. 

The  double  cyanides  of  the  second  class  are  much  more 
stable  :  the  addition  of  dilute  acids  does  not  produce  any  precipi- 
tate of  an  insoluble  cyanide,  neither  does  it  cause  the  liberation 
of  hydrocyanic  acid  ;  the  poisonous  characters  of  the  cyanides  is 
also  frequently  absent  in  salts  of  this  class.  The  double  salts 
which  the  cyanides  of  cobalt,  of  iron,  of  chromium,  and  of 
platinum,  form  with  potassic  cyanide,  are  of  this  kind,  and  they 
may  conveniently  be  regarded  as  compounds  of  potassium  with 
hypothetical  radicles,  to  which  the  terms  cobalticyanogen,  ferro- 
cyanogen,  ferricyanogen,  chromicyanogen,  and  platinocyanogen, 
have  been  applied,  since,  from  these  salts,  acids  may  be  obtained 
which  contain  a  certain  number  of  atoms  of  hydrogen  capable  of 
being  replaced  by  metals.  For  instance,  the  cyanide  of  potassium 
and  iron,  termed  potassic  ferrocyanide,  which  is  represented  by 
the  formula,  K^FeCy^,  yields,  when  decomposed  by  hydrochloric 
add,  a  compound  termed  hydroferrocyanic  acid,  H^FeCy^  con- 
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taining  4  atoms  of  hydrogen  instead  of  the  4  of  potassium  in  the 
Qnginai  salt : 

K^FeCy^   +  4HCI  =   H^FeCy^   +   4KCI. 

Potataic  femx^anide.  Hjdroferrocyanic  add. 

Hie  compound    H^FeCy^  readily  decomposes  the  metallic  car- 
honates  with  effervescence. 

(1108)  Double  Cyanides. — ^The  following  are  some  of  the 
principal  insoluble  metallic  cyanides  which  yield  double  cyanides 
of  the  first  class^  i.e.,  double  salts  which  are  decomposed  and  yield 
a  precipitate  on  the  addition  of  a  dilute  acid. 

Zineie  cyanide  is  white,  and  insoluble  in  water ;  with  potassic  cyanide  it 
forms  a  soluble  salt,  ZnCj,2KCy,  which  may  be  obtained  in  large,  regular,  an- 
hydrous, colourless  octahedra.  Sodic  ztTicic  cyanide,  2ZnCy,,2NaCy,50H,,  may 
be  obtained  in  brilliant  plates,  if  sodio  cyanide  be  substituted  for  potassic 
eyaoide.  Corresponding  compounds  containing  cadmium  and  indium  in  place  of 
line  also  exist.  The  indie  cyanide  ia,  however,  easily  decomposed  when  boiled 
with  water,  indie  hydrate  being  formed,  and  hydrocyanic  acid  evolved.  Nichelous 
cyanide,  NiCy,,  forms  an  apple-green  precipitate,  which  is  very  soluble  in 
pottfsic  cyanide,  forming  a  double  salt,  NiCy,,2KCy,0H,,  which  crystallizes  in 
oblique  rhombic  prisms  of  a  yellow  colour.  Cuproue  cyanide,  Cu^Cy,,  Lb  a  white 
insoluble  powder  obtained  by  treating  an  acid  solution  of  cuprous  chloride  with 
potassic  cyanide  ;  it  u  soluble  in  ammonia  and  in  dilute  acids.  Cupric  sulphate 
yields  witii  potassic  cyanide  a  brownish-yellow  precipitate,  CuCy,,  which  may  be 
obtained  in  the  pure  state  by  treating  recently  precipitated  cuprio  hydrate  with 
hydrocyanic  acid ;  It  soon  begins  to  give  off  cyanogen,  becoming  converted  into 
a  double  cuproso-cupric  cyanide,  Cu,Cy,,CuCy,,50H,.  On  boiling  this  with 
water  it  undeigoee  decomposition,  cyanogen  being  evolved,  and  cuprous  cyanide 
ibnned.  The  cuproso-cupric  cyanide  may  also  be  obtained  in  bright  green 
ciystals  by  adding  hydrocyanic  acid  to  a  solution  of  cuprio  sulphate.  Cuprio 
cyanide,  CuCy,,  is  soluble  in  excess  of  potassic  cyanide,  with  evolution  of 
cyaD(^en,  and  formation  of  cuprous  cyanide ;  cuprous  cyanide  forms  two  crys- 
tallized double  salts,  Cu,Cy,,2ECy,  and  Cu,Cy,,6KCy.  The  latter  is  the  more 
soluble  salt  of  the  two.  On  precipitating  a  solution  of  the  former  with  plumbic 
aeetate,  suspending  the  plumbic  cuprous  cyanide  thus  obtained  in  water  and  de- 
eomposing  it  by  sulphuretted  hydrogen,  a  solution  of  cuprocyanic  acid, 
H^CujCy^,  is  left  Plumbic  cyanide,  FbCy,,  ia  a  white  precipitate  insoluble  in 
water,  or  in  a  solution  of  potassic  cyanide.  Dilute  sulphuric  acid  decomposes  it 
with  liberation  of  hydrocyanic  acid. 

(1J09)  Akoentic  Cyanide,  or  Cyanide  of  Silver;  AgCN  or 
AgCy = 134  ;  Sp.  gr.  3*943 ;  is  precipitated  in  dense  white  flocculi 
▼hen  hydrocyanic  acid  or  potassic  cyanide  is  added  to  a  solution 
of  argentic  nitrate.  It  is  nearly  insoluble  in  dilute  nitric  acid 
eren  at  a  boiling  temperature,  but  it  is  soluble  in  ammonia,  and 
is  decomposed  by  strong  boiling  nitric  acid  and  by  hydrochloric 
acid.  When  heated  strongly  it  melts,  and  gives  off  cyanogen, 
leaTing  a  residue  of  a  grey  colour,  which  appears  to  be  a  mixture 
of  metallic  silver  and  paracyanogen^  or  perhaps  argentic  para- 
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cyanide.  Argentic  cyanide  is  freely  soluble  in  solutions  of  the 
cyanides  of  potassium^  sodium^  barium,  strontinm,  and  caldam. 
These  solutions  give  no  precipitate  with  solutions  of  the  metallic 
chlorides ;  indeed,  argentic  cyanide  is  dissolved  by  boiling  solu- 
tions of  the  chlorides  of  the  alkali  and  alkaline  earthy  metals. 
It  is  also  soluble  in  a  solution  of  argentic  nitrate,  as  well  as  in 
solutions  of  potassic  ferrocyanide  and  ferricyanide.  When 
potassic  ferrocyanide  is  used  as  the  solvent,  a  dirty  blue  pre- 
cipitate is  formed,  and  the  liquid  becomes  strongly  alkaline. 
Potassic  argentic  cyanide,  AgCy,KCy=i99"i,  is  usually  obtained 
in  anhydrous  octahedra  or  six-sided  plates,  but  occasionally  it 
forms  rhombic  prisms,  aAgCyjKCy^OHg.  This  salt  is  freely 
soluble  in  water  and  in  boiling  alcohol.  It  is  extensively  em- 
ployed for  electro-silvering,  since  its  solution,  if  mixed  with  an 
excess  of  potassic  cyanide  and  then  submitted  to  electrolysis^ 
deposits  silver  in  compact  coherent  plates  (295). 

(11  jo)  Mercuric  Cyanide,  or  Cyanide  of  Mercury  ;  Hg(CN)j 
or  HgCy2=a5a;  Sp.  gr.  377. — No  compound  of  mercury  and 
cyanogen  corresponding  to  the  mercurous  salts  is  known,  the 
addition  of  potassic  cyanide  to  a  solution  of  a  mercurous  salt 
producing  a  precipitate  of  metallic  mercury,  whilst  mercuric 
cyanide  remains  in  solution : 

HgjCNOj),   +   2KCy  =   Hg   +   HgCy,  +   2KNO3. 

Mercuric  cyanide  may  be  prepared  either  by  dissolving  mercuric 
oxide  in  dilute  hydrocyanic  acid,  in  which  the  oxide  is  soluble 
with  great  facility,  or  by  boiling  a  mixture  of  4  parts  of 
finely-powdered  Prussian  blue  and  3  of  mercuric  oxide,  also 
finely  levigated,  with  30  parts  of  water,  until  the  undissolved 
portion  has  acquired  a  full  brown  colour :  the  filtrate  on  evapora- 
tion yields  mercuric  cyanide.  It  may  also  be  procured  by  boiling 
2  parts  of  mercuric  sulphate  with  i  part  of  potassic  ferrocyanide 
and  8  of  water  : 

K.FeCy,   +   sHgSO,  =  3HgCy,   -h   2K3SO,   •¥   FeSO,. 

Mercuric  cyanide  crystallizes  in  anhydrous  rectangular  prisme^ 
which  are  colourless  and  transparent.  It  has  a  nauseous,  metallic 
taste,  and  is  very  poisonous.  It  requires  about  8  parts  of  cold 
water  for  solution ;  it  is  less  soluble  in  ordinary  alcohol,  and 
nearly  insoluble  in  absolute  alcohol.  Mercuric  cyanide  is  decom- 
posed when  heated ;  if  perfectly  dry  it  yields  cyanogen  gas,  metallic 
mercury,  and  a  residue  of  paracyanogen ;  if  moist,  carbonic 
anhydride,  ammonia,  and  hydrocyanic  add  are  produced. 
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Mercuric  cyanide  dissolves  mercuric  oxide  freely,  and  forms 

an  oajycyamrfe,  HgO,HgCy2,=0 1  XT  pi,    which    crystallizes    in 

needles;  it  is  sparingly  soluble  in  cold  water,  and  the  liquid. has 
an  alkaline  reaction.  Mercuric  cyanide  does  not  give  any  pre- 
cipitate of  mercuric  oxide  on  the  addition  of  an  alkali.  When 
heated  with  sulphuric  or  hydrochloric  acid  it  is  decomposed,  and 
hydrocyanic  acid  is  given  off.  It  is  also  decomposed  by  sul- 
phuretted hydrogen.  Mercuric  cyanide  forms  double  salts  with 
the  alkaline  cyanides,  the  potassic  compound,  2KCy,HgCy2, 
crystallizing  in  colourless  octahedra;  it  also  enters  into  com- 
bination with  a  great  number  of  chlorides,  bromides,  iodides, 
cyanides,  nitrates,  and  various  other  salts,  forming  with  them 
ciystallizable  double  salts.  It  does  not  occasion  precipitates 
when  mixed  with  the  solutions  of  salts  of  zinc,  cobalt,  nickel, 
manganese,  and  other  metals  which  yield  cyanides  insoluble  in 
water,  with  the  exception  of  the  salts  of  palladium ;  from  which 
it  would  appear  that  mercury  has,  so  to  speak,  a  stronger 
attraction  for  cyanogen  than  any  of  the  metals,  excepting 
palladium. 

(iiii)  Ctanidbs  or  Gold. — Aurous  cyanide ;  AuCy=2aa*6, 
may  be  obtained  by  several  methods;  the  simplest  consists  in 
adding  a  solution  of  potassic  cyanide  to  a  dilute  solution  of 
auric  chloride,  as  long  as  a  precipitate  is  produced.  It  is  a 
lemon-yellow  insoluble  powder,  composed  of  microscopic  hexagonal 
plates.  It  is  decomposed  by  heat  into  cyanogen  and  metallic 
gold;  boiling  nitric,  sulphuric,  and  hydrochloric  acids  do  not 
decompose  it  unless  very  concentrated,  and  aqua  regia  acts  upon 
it  very  slowly.  It  is  soluble  in  sodic  thiosulphate,  in  ammonic 
hydric  sulphide,  and  in  a  solution  of  potassic  ferrocyanide ;  but 
its  most  important  solvent  is  potassic  cyanide,  with  which  it 
forms  a  double  salt,  AuCy,KCy,  crystallizing  in  colourless 
rhombic  octahedra,  or  in  pearly  scales. 

Totassic  auractfanide  ;  KAn'Cj,. — ^ThiB  salt  may  be  obtained  by  dissolving 
either  anrous  cjanide,  sulphide  of  gold,  or  auric  oxide,  in  a,  solution  of  potassio 
cyanide.  The  double  cyanide  is  likewise  formed  by  dissolving  finely-divided 
flietallie  gold  in  a  solution  of  potaMio  cyanide  with  exposure  to  the  air.  Po- 
iMsie  anrocyamde  is  la^[ely  used  for  gilding  by  means  of  the  galvanic 
l'*^^^  (955)'  Copper  and  sUver  articles  may  also  be  gilt  by  it  without  the  aid 
of  the  bsittery,  by  mere  immersion ;  portions  of  copper  or  of  silver  being  dis- 
solved during  the  operation.  Potassic  aurocyanide  combines  readily  with 
iodine,  forming  the  compound,  KAu'"Cy,I,,20H,,  from  which  the  corresponding 
oompoands  containing  chlorine  and  bromine  are  obtained  on  treating  it  with 
ckkirine  or  bromine  {Bloomsirand,  Jowm,  pr,  Chem,  [2]  ilL  213). 
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Potassic  auricyanide;  KAu'"Cy^.— On  boiling  neniral  auric  cKloride  with  & 
concentrated  solution  of  potassic  cyfuiide,  and  allowing  it  to  cool,  large  trans- 
parent colourless  plates  of  the  double  salt,  ECy,  AnCy,,OH,,  are  deposited.  With 
argentic  nitrate  its  solution  yields  a  precipitate  of  argentic  aurocyanide,  and  on 
Buspepdiug  this  in  water  and  deoomposing  it  by  hydrochloric  acid,  taking  care 
not  to  employ  excess  of  the  latter,  a  solution  of  hydroauricyanic  acid  is 
obtained.  This  deposits  large  colourless  crystals  of  hydric  auricyanide, 
2AuHCy^,30H,,  when  evaporated  in  vacuo. 

(ill 2)  Cyanides  op  Iron. — Little  is  known  accurately  of  the 
simple  cyanides  of  iron.  When  potassic  cyanide  is  mixed  with 
ferrous  sulphate  free  from  ferric  salt,  an  orange-brown  precipitate 
partially  soluble  in  acids  is  formed,  which,  according  to  Staedeler 
.  {Ann.  Chem.  PJiorm,,  cli.  i),  consists  of  potassic  ferrous  cyanide^ 
KPcjCyg.  This  precipitate  is  re-dissolved  by  an  excess  of  potassic 
cyanide^  and  converted  into  potassic  ferrocyanide.  The  white 
compound  obtained  by  decomposing  Prussian  blue  by  means  of  a 
current  of  sulphuretted  hydrogen  appears  not  to  be  a  simple 
cyanide  of  iron,  as  was  originally  supposed  by  Bobiquet.  Ferric 
cyanide  has  not  been  procured  in  a  separate  form.  When  a 
solution  of  ferric  chloride  is  mixed  with  one  of  potassic  cyanide^  a 
precipitate  of  hydrated  ferric  oxide  is  obtained,  hydrocyanic  acid 
is  liberated,  and  potassic  chloride  is  formed;  with  excess  of 
potassic  cyanide,  potassic  ferrocyanide  is  also  produced.  Prussian 
blue,  TumbuWs  blue,  and  the  substance  which  Gmelin  terms 
Prussian  green,  are  compound  cyanides  of  iron. 

(11 13)  Ferroctanidbs  and  Ferrictantdes. — ^The  cyanides 
of  iron,  when  in  combination  with  other  cyanides,  give  rise  to 
two  important  classes  of  compounds,  which  are  represented  by 
potassic  ferrocyanide,  the  so-called  yellow  prussiate  of  potash, 
K^PeCy^,30Hy  sxii potassic  ferricyanide, the  so-called  red  prussiate 
of  potash,  KjFeCy^.  Liebig  supposed  that  these  two  classes  of 
salts  contain  two  separate  radicles,  ferrocyanogen,  FeCy^,  or  Cfy*^, 
and  ferricyanogen,  FeCy^,  or  Cfdy'''  j  the  first  of  these  radicles 
being  assumed  to  be  tetrad  or  tetrabasic,  the  second  triad  or 
tribasic. 

(11 14)  Potassic  Ferrocyanide,  or  Prussiate  of  Potash; 
K^Fe(CN)^30H3  K,FeCy^30Hg=368'4,  or  K,Cfy*^+54.  — This 
important  salt  is  met  with  in  commerce  nearly  in  a  state  of 
purity.  It  is  formed  when  nitrogenized  matters  are  heated  to 
redness  with  potassic  carbonate  and  iron,  and  also  when  a  ferrous 
salt  is  mixed  with  a  solution  of  potassic  hydrate  supersaturated 
with  hydrocyanic  acid.  It  is  manufactured  on  a  large  scale  by 
heating  dried  blood,  horns,  parings  of  hides,  and  other  animal 
matters  containing  nitrogen^  with    an  equal  weight  of   crude 
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potassie  carbonate,  and  about  one*third  of  their  weight  of  iron 
filings^  in  a  covered  iron  pot.  The  reactions  by  which  the  ferro- 
cyamde  is  produced  are  complicated.  When  animal  matters  are 
heated  with  potassie  carbonate^  the  latter  is  reduced  and  the 
potassium  combines  with  carbon  and  nitrogen  to  form  potassie 
eyanide.  A  variable  quantity  of  the  iron  which  is  added  is  at  the 
same  time  convarted  into  sulphide,  owing  to  the  action  of 
the  dipotassic  sulphide  (produced  by  the  reduction  of  the  potassie 
sulphate  in  the  crude  carbonate  employed)  upon  the  metal.  When 
the  mass  is  lixiviated,  the  potassie  cyanide  contained  in  the  mixture 
attacks  the  metallic  iron,  and  potassie  ferrocyanide  and  potassie 
hydrate  are  formed:  laKCy  +  ^Fe  +  aOHj-hOgZs  aK^PeCygH- 
4KHO ;  if  the  air  have  not  free  access  hydrogen  is  also  evolved : 
6KCy + Pe  +  aOH^zs K^FeCyg + H^  +  aKHO.  At  the  same  time 
the  potassie  cyanide  acts  on  the  sulphide  in  the  following  manner : 
6K(^+PeS=K^FeCyj4-K3S,  yielding  potassie  ferrocyanide  and 
potassie  sulphide.  Ferrous  oxide  is  also  readily  dissolved  by  a 
solution  of  potassie  cyanide,  whilst  potassie  ferrocyanide  is  formed 
as  in  the  previous  cases :  6KCy-|-FeO+OH3=K^FeCy^+2KHO. 
A  knowledge  of  these  reactions  explains  the  formation  of  the  ferro- 
cyanide during  the  lixiviation  practised  in  the  course  of  the 
manu&cture. 

Potassie  ferrocyanide  crystallizes  from  an  aqueous  solution 
in  hiigb  truncated  pyramids  of  a  lemon- yellow  colour,  containing 
3  molecules  of  water;  the  crystals  are  tough,  and  split  into 
laminae  with  facility.  It  is  soluble  in  about  four  parts  of  cold 
and  in  two  of  boiling  water,  but  is  insoluble  in  alcohol ;  the  addition 
of  a  solution  of  potassie  hydrate  to  a  concentrated  aqueous  solu- 
tion causes  the  separation  of  a  portion  of  the  salt  in  the  crystal- 
line state.  Potassie  ferrocyanide  has  a  saline  bitterish  taste,  and 
ii  not  poisonous.  Heated  to  joo°  (aia°  P.)  it  loses  the  whole  of 
its  water  of  crystallization,  and  crumbles  to  a  yellowish- white 
powder;  when  heated  to  redness  in  closed  vessels  it  fiises,  and 
undergoes  decomposition,  nitrogen  being  evolved,  whilst  potassie 
cyanide  and  carbide  of  iron  are  formed  (1106).  When  dried  and 
heated  with  black  oxide  of  manganese,  potassie  cyanate  is  produced. 

The  iron  in  the  ferrocyanide  does  not  perform  the  part  of  a 
basyl  for  when  a  solution  of  this  salt  is  submitted  to  electro- 
lysis the  iron  accompanies,  the  cyanogen  to  the  negative  electrode. 
The  iron  cannot  be  thrown  down  firom  an  aqueous  solution  of  the 
salt  by  the  addition  of  any  alkaline  solution ;  but  if  the  alkaline 
liquid  be  boiled  with  mercuric  oxide^  the  iron  is  separated  in  the 
*»Tn  of  hydrated  ferric  oxide. 
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When  distilled  with  dilute  sulphuric  acid^  potassic  ferrocyanide 
yields  hydrocyanic  acid  (i  loo)^  but  when  it  is  heated  with  ordinary 
concentrated  sulphuric  acid^  carbonic  oxide^  and  a  mixture  of 
potassic,  amnionic^  and  ferrous  sulphates  are  produced  (375)- 
In  this  case  the  hydrocyanic  acid  which  probably  is  first  produced, 
is  converted  by  the  water  contained  in  the  sulphuric  acid  into 
formic  acid  and  ammonia^  but  by  contact  with  the  sulphuric  acid 
the  formic  acid  H^CO^  is  at  once  resolved  into  carbonic  oxide  and 
water.  Potassic  ferrocyanide  is  manufact&red  in  large  quantities 
for  use  in  dyeing  and  calico  printing ;  it  is  used  also  in  the  prepa- 
ration of  Prussian  blucj  as  well  as  in  the  processes  of  electro- 
plating and  electro-gildings  and  is  the  source  from  which  the 
compounds  of  cyanogen  are  usually  prepared. 

(i  115)  Other  Ferrocyanides. — An  aqueous  solution  of  potassic 
ferrocyanide  produces  characteristic  precipitates  with  many  of  the 
metallic  salts^  so  that  it  is  extensively  employed  as  a  qualitative 
test.  The  precipitate  generally  consists  of  a  double  ferrocyanide 
of  potassium  and  the  metal  by  which  the  precipitate  is  occasioned. 
The  insoluble  ferrocyanides  cannot  be  precipitated  in  alkaline 
solutions ;  the  liquid  should  therefore  in  all  cases  be  slightly  add. 
Many  of  the  precipitates  are  white^  such  as  those  of  zinc^  cadmium, 
nickel^  manganese^  tin^  lead,  bismuth,  antimony^  silver^  and  mer- 
cury ;  with  the  exception  of  the  compounds  of  cadmium  and  man- 
ganese,  these  are  insoluble  in  dilute  hydrochloric  acid.  The  most 
characteristic  precipitates  occasioned  by  potassic  ferrocyanide  are 
the  following: — with  the  salts  of  cobalt  a  yellowish-green;  with 
ferrous  salts,  a  white,  becoming  blue ;  with  ferric  salts  a  deep 
blue;  and  with  cupric  salts  a  chocolate-brown;  with  salts  of 
uranium  it  also  gives  a  brown  precipitate. 

The  following  is  a  list  of  some  of  the  ferrocyanides  in  which 
the  whole  or  a  part  of  the  potassium  of  potassic  ferrocyanide  is 
displaced  by  another  metal : 


Potassic  ferrocyanide  .... 

.    .    K.FeCy.. 

Tripotassic  sodic  ferrocyanide    .     , 

.    K,NaFeCy,. 

Dipotaaaic  diaodic  ferrocyanide  .     , 

.     K,N^PeCy.. 

Potasaic  triaodic  fenocyanide     . 

.    KNajPeCy,. 

Sodic  ferrocyanide 

.    Na,FeCjr,. 

Dipotaaaic  baric  ferrocyanide     .     , 

.     K,BaFeCy,. 

Dibaric  ferrocyanide  .... 

.     .     Ba^FeCy.. 

Dipotaaaic  capric  ferrocyanide  .     . 

.    KjCuFeCy,. 

Dipotaaaic  tricuprio  ferrocyanide 

.    .    K,Cn,(P«Cy^^ 

(i  1 16)  Hydhofehboctanic  Acid,  H^FeCy,. — ^Thia  compoaid  was  origumlly 
obtained  by  Porrett,  who  decomposed  potaaaic  ferrocyanide  by  meana  of  tartad« 
add.    A  better  plan  oonaiata  in  preparing  a  concentrated  9q^umii  solution  of  tha 
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favocTiiiide,  boiUng  it  to  expel  the  air,  and  then  allowing  it  to  oool  in  a  vessel 
pfoyided  with  a  good  cork  to  exclude  air.  Ether  is  now  added,  and  an  excese  of 
hjdioohloric  acid,  which  has  sdso  been  deprived  of  air  by  boiling.  On  agitating 
fte  mixtore,  white  scales  of  hydroferrocyanic  acid  are  deposited : 

K^FeCy,  +  4Ha  =  H^FeCy,  +  4KCI. 

Tliese  crystals  mnst  be  washed  with  a  mixture  of  alcohol  and  ether,  and 
dried  hs  vacuo  over  sulphuric  acid.  Liebig  adds  by  degrees  to  a  cold  Hatn- 
nted  solution  of  potassic  ferrocyanide  an  equal  volume  of  hydrochloric  acid  ;  the 
white  precipitate  of  hydroferrocyanic  acid  thus  obtained  should  be  washed  with 
hydroehlorio  acid,  dried  in  vacuo  upon  a  tile,  and  caused  to  crystallize  from  its 
aoktioii  in  alcohol  by  the  addition  of  ether :  if  air  be  excluded  it  is  then  obtained 
m  large  colourless  crystals. 

When  hydroferrocyanic  acid  is  exposed  to  the  air,  it  ab^wrbs  oxygen  and 
iweomes  blue ;  its  solution,  when  boiled,  evolves  hydrocyanic  acid,  and  deposits  a 
white  insolable  matter  containing  both  iron  and  cyanogen.  By  exposure  to  the 
air  this  white  substance  absorbs  oxygen,  becoming  converted  into  the  so-called 
iMiioPniBBian  Uoe. 

(11 1 7)  Potassic  Ferrictanide^  or  Red  pmssiate  of  potash; 
K^e,Cyi^  or  Kj(Cfdy)%= 658-6. — When  a  current  of  chlorine 
gas  is  passed  through  a  dilute  solution  of  potassic  ferrocyanide 
the  liquid  quickly  changes  colour  and  becomes  of  a  deep  red^  the 
reaction  whicli  occurs  being  the  following : 

aK^FeCyj+Cl,  =  K^FegCy^jj  +  aKCl. 

If  the  corrent  of  the  gas  be  arrested^  as  soon  as  the  liquid 
ceases  to  give  a  blue  precipitate,  with  ferric  salts^  the  solution 
on  evaporation  yields  crystals  of  potassic  ferricyanide.  The 
ferricyanide  may  be  obtained  by  a  second  crystallization  in 
transparent,  anhydrous^  right  rhombic  prisms  of  a  beautiful  ruby- 
led  colour ;  and  if  the  operation  be  performed  on  a  large  scale 
these  crystals  often  attain  a  large  size  :  they  are  soluble  in  about 
2*5  parts  of  cold  water  and  in  1*3  parts  of  boiling  water^  but  ar^» 
insoluble  in  alcohol :  unlike  the  ferrocyanide^  it  is  very  poisonous. 
If  the  action  of  the  chlorine  be  too  long  continued,  the  red  salt 
IS  in  its  turn  partially  decomposed,  and  a  green  compound  is 
finrmed  which  interferes  with  the  crystallization  of  the  red  salt. 
This  Prunian  green,  as  the  compound  is  termed,  according  to  the 
analysis  of  Pelouze,  may  be  represented  by  the  formula 
PcCy^jFcjCy^OHy  or  it  is  the  magnetic  cyanide  corresponding 
to  iht  magnetic  oxide  of  iron,  FeO,Fejj08 ;  it  is  by  no  means 
certain,  however,  that  it  really  has  this  composition.  Potassic 
ferricyanide  is  prepared  on  the  large  scale  for  the  use  of  the  calico- 
printer,  generally  by  decomposing  the  solid  yellow  salt  by 
exposing  it  in  powder  to  the  action  of  a  current  of  chlorine.  It 
is  also  formed  by  the  action  of  most  oxidizing  agents  on  potassic 
ferrocyanide^  and  when  a  solution  of  the  latter  salt  is  decomposed 
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by  the  voltaic  current  in  a  diaphragm  cell,  potassic  ferricyanide 
makes  its  appearance  in  the  solution  at  the  positive  electrode. 

It  has  been  suggested  that  the  iron  in  the  ferrocyanides  is  in 
the  ferrous  state,  whilst  in  the  ferricyanides  it  is  in  the  ferric 
state:  according  to  this  supposition,  therefore,  the  action  of 
chlorine  on  potassic  ferrocyanide  not  only  removes  potassium,  but  at 
the  same  time  changes  the  iron  firom  the  ferrous  to  the  ferric  state : 

flK^Pe'^Cy^  +  CI3  =  K^(Fe2)^yi3  +  aKCl. 

A  solution  of  potassic  ferricyanide  when  mixed  with  an  ex- 
cess of  potassic  hydrate  furnishes  a  liquid  possessed  of  consider- 
able oxidizing  power ;  thus,  it  converts  the  hydrated  protoxides 
of  manganese,  lead,  and  tin  into  peroxides  of  these  metals,  whilst 
the  ferricyanide  passes  into  the  condition  of  ferrocyanide  of 
potassium : 
K,Fe,Cyi,  +  Mn(OH),  +  aKHO = aK^PeCy^ + MnO{OH), + OH,. 

The  same  solution  is  employed  by  the  calico-printer  for  the  pur- 
pose of  discharging  the  blue  colour  of  indigo  from  calico  (Mercer). 
The  red  prussiate  bums  with  scintillation  when  introduced  into 
the  flame  of  a  candle.  Potassic  ferricyanide  produces  insoluble 
compounds  when  mixed  with  solutions  of  many  of  the  metallic 
salts,  and  as  the  colours  of  these  precipitates  are  often  cha* 
racteristic,  this  salt  is  frequently  employed  in  the  laboratory  as  a 
qualitative  test  for  metals  in  neutral  or  feebly  acid  solutions.  It 
gives  no  precipitate  with  the  ferric  salts,  but  a  splendid  blue 
(Turnbull's  blue)  when  mixed  with  those  of  the  ferrous  salts ; 
with  salts  of  zinc  it  yields  an  orange  precipitate,  with  those  of 
cadmium  a  yellow,  with  nickel  a  yellowish-green,  with  cobalt  a 
dark  reddish-brown,  with  copper  a  yellowish-green,  with  man- 
ganous  salts  a  brown,  with  stannous  salts  a  white,  with  silver 
salts  an  orange,  and  with  mercurous  salts  a  brownish-red.  These 
precipitates,  with  the  exception  of  those  with  zinc  and  tin,  are 
insoluble  in  dilute  hydrochloric  acid.  Plumbic  ferricyanide 
separates  in  dark  reddish-brown  crystals  on  mixing  concentrated 
solutions  of  plumbic  nitrate  and  potassic  ferricyanide. 

The  following  table  exhibits  the  composition  of  a  few  ferri- 
cyanides : 

Potassic  ferricyanide K^Fe^Cy^ 

Dipotassic  tetraaodic  ferricyanide*      .     .       K  Na^Fe^Cy^ 


*  Beindel  obtained  this  salt  on  allowing  a  solution  containing  potassic  fiatri- 
cyanide  and  sodic  nitrate  to  crystallize  {Joum,  pr,  Chem,,  caL  43). 
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Sodio  ferrieyanide 'Ntk^'Fefiy^ 

Bipotaasic  dibaric  ferricjanide  ....       K^B&^fefiy^ 

(i  1 18)  Kydrqferric^anic  cund,  H^Fe^Cyj,. — ^This  compoand  may  be  obtained 
by  deoomposiog  plumbic  ferrieyanide  suspended  in  water  with  an  equivalent 
quantity  of  dilute  sulphuric  acid.  On  filtering  from  the  plumbic  sulphate  and 
evaporating,  the  acid  forms  reddish-brown  deliquescent  crystals.  Schafarik,  by 
mixing  a  cold  saturated  aqueous  solution  of  potassic  ferrieyanide  with  two  or  three 
times  its  bulk  of  fuming  hydrochloric  acid,  obtained  brownish-green  thin 
brilliant  needles,  which  he  believed  to  be  hydroferricyanic  acid;  according 
to  Beindel,  however,  they  can  never  be  obtained  &ee  from  potassium. 

(1119)  Pbussian  Blue. — ^The  name  Prussian  blue  is  applied 
to  a  number  of  blue  substances^  some  of  which  are  largely  em- 
ployed in  the  arts  as  pigments :  they  are  prepared  either  by  pre- 
cipitating a  solution  of  potassic  ferrocyanide  with  a  ferric  salt  or 
a  mixture  of  ferric  and  ferrous  salts^  by  the  addition  of  a  ferrous 
salt  to  a  solution  of  potassic  ferrieyanide^  or  by  oxidizing  ferrous 
dipotassic  ferrocyanide. 

Whenever  a  solution  of  potassic  ferrocyanide  is  added  to  one  of 
a  soluble  ferric  salt  a  beautiful  blue  precipitate  is  produced^  which 
always  contains  potassium  even  if  a  large  excess  of  the  ferric  salt 
has  been  employed ;  if,  however,  a  solution  of  hydroferrocyanic 
acid  be  mixed  with  an  excess  of  a  ferric  salt,  a  blue  precipitate 
is  obtained  free  from  potassium,  which  has  the  composition 
^7^718, 1 80Hj,  (WaKamson). 

(1120)  Ferrous  Dipotassic  Ferrocyanide. — ^The  addition  of 
a  solution  of  a  ferrous  salt  to  one  of  potassic  ferrocyanide  pro- 
duces a  white  precipitate  of  ferrous  dipotassic  ferrocyanide  if 
access  of  air  be  entirely  prevented,  otherwise  it  has  a  greenish 
tint ;  this  appears  to  be  identical  with  Everitt's  white  salt  (p.  93) 
being  formed  by  the  displacement  of  half  the  potassium  in  the 
potassic  ferrocyanide  by  the  equivalent  quantity  of  iron,  thus  : 
K^FeCy,  +  Fe''Cl,=K,Fe''(FeCyj,)  +  aKCl.  When  treated  with 
a  solution  of  potassic  hydrate  it  is  re-converted  into  potassic 
fenocyanide  with  separation  of  ferrous  hydrate,  which  rapidly 
undergoes  oxidation:  K^Fe'^FeCy^  +  aKOH = K^FeCy^  +  Fe(0H)2, 
When  potassic  ferrous  ferrocyanide  is  exposed  to  the  air, 
it  becomes  oxidized,  and  turns  blue,  forming  a  (compound 
termed  Basic  Prussian  blue ;  a  strong  acid  removes  ferric  oxide 
from  this  basic  Prussian  blue,  leaving,  it  is  said,  Prussian 
blue. 

(11 21)  DiFERRous  Dipotassic  Ferrictanide. — On  mixing 
solutions  containing  one  molecule  of  ferric  chloride  and  two 
molecules  of  potassic  ferrocyanide,  and  then  adding  alcohol,  a 
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magnificent  violet-blue  precipitate  is  obtained.  This,  the  so- 
called  soluble  Prttssian  bltie,  although  insoluble  in  saline  solutions^ 
is  readily  soluble  in  pure  water.  After  being  dried  at  no® 
(230°  F.),  however,  it  becomes  insoluble.  Diferrous  dipotassic 
ferricyarddef  or  soluble  Prussian  blue,  has  the  composition 
^S^e^'i^efiy^fiOH^,  (Reindel,  Joum.  pr.  Chem.,  ciL  38,  255), 
and  is  formed  in  the  following  manner : 

aKJe'^Cy,  +  (Fe^^Cl,  =  K,Fe,''{Pe,)^Cyi,  +  4KCI. 

The  ferrocyanide  having  been  converted  into  a  ferricyanide  by 
the  oxidizing  action  of  the  ferric  chloride. 

Williamson  finds  that  Everitt's  white  salt  ferrous  dipotassic 
ferrocyanide,  Kj,Fe''(FeCyg),  when  treated  with  oxidizing  agents 
is  decomposed,  and  a  blue  salt  is  formed,  which  is  identical  with 
the  diferrous  dipotassic  ferricyanide  above  mentioned.  This  is 
best  effected  by  boiling  the  white  precipitate  with  nitric  acid, 
diluted  with  twenty  parts  of  water ;  as  the  liquid  approaches  the 
boiling  point  a  copious  evolution  of  nitric  oxide  occurs,  two 
molecules  of  the  white  salt  lose  two  atoms  of  potassium,  and 
ferrous  dipotassic  ferricyanide  is  formed.  Care  is  required  to  pre- 
vent the  action  of  the  acid  from  proceeding  too  far,  otherwise 
Pelouze^s  Prussian  green  is  apt  to  be  formed.  Diferrous  di- 
potassic ferricyanide,  when  treated  with  a  solution  of  potassic 
ferrocyanide,  is  reconverted  into  ferrous  dipotassic  ferrocyanide, 
and  pure  potassic  ferricyanide  is  obtained  in  solution,  provided 
the  blue  ferricyanide  has  been  employed  in  slight  excess : 

K,Fe7Fe^^Cy,,  +  ^K.FeCy,  =  K,(Fe^^Cyi,  +  ^K^Fe-FeCy,. 

The  pale  blue  residue  on  the  filter,  which  consists  of  ferrous 
dipotassic  ferrocyanide  mixed  with  the  excess  of  the  blue  salt,  may 
be  again  converted  into  the  latter  by  treatment  with  nitric  acid, 
and  in  this  way  be  used  repeatedly  for  converting  potassic  ferro- 
cyanide into  ferricyanide.  Similarly,  when  potassic  ferrocyanide 
is  added  to  a  solution  of  the  soluble  Prussian  blue,  the  white 
potassic  ferrous  ferrocyanide  is  precipitated,  whilst  potassic  ferri- 
cyanide remains  in  solution. 

According  to  Reindel,  the  addition  of  ferric  chloride  does  not 
cause  a  precipitate  in  a  solution  of  the  soluble  Prussian  blue ;  it 
must  be  observed,  however,  that  when  it  is  decomposed  by  an 
alkaline  hydrate  or  carbonate,  it  yields  potassic  ferrocyanide  and 
fbrhc  hydrate.     This  is  explained  by  supposing  that,  in  the  first 
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hiBtance^  ferrous  hydrate  and  potassic  ferricjanide  are  formed, 
thus: 

K3Fe",(Fe,)^Cy,, + 4KH0=K,(Fe^^Y,,  +  3Fe"(0H)^ 

and  that  the  ferrous  hydrate  in  the  presence  of  an  alkali  then 
reduces  the  ferricyanide  to  ferrocyanide : 

K^(Fej)^i,+ 2Pe''(0H),+ aKHO=aK,Fe''Cy,+  (PeJ^(OH).. 

(1122)  Trupebrous  Ferricyanide. — The  precipitate  of  tri- 
ferrous  ferricyanide,  Fe3"(Feg)^Cyig,  obtained  on  adding  a  ferrous 
salt  to  a  solution  of  potassic  ferricyanide,  constitutes  a  highly 
▼alaed  and  brilliant  variety  of  Prussian  blue,  commercially  known 
as  TumbuWs  blue.  This  precipitate,  however,  unless  digested  for 
some  time  with  an  excess  of  a  ferrous  salt,  always  retains  potas- 
sium, probably  present  as  diferrous  dipotassic  ferricyanide, 
K2Pej"(FeJ^Cy^3.  Triferrous  ferricyanide  is  also  obtained  by 
precipitating  a  solution  of  the  ''  soluble  Prussian  blue^'  with  a 
ferrous  salt  (Reindel,  loc.  cit.) : 

K3Fe,''(Fe3)^Cyi,+Fe''Clj=Fe3''(Fej)^Cyi,-h2Ka. 

Turnbull's  blue  may  be  distinguished  from  the  other  Prussian 
blues  by  the  action  of  a  solution  of  potassic  hydrate,  which 
decomposes  it,  yielding  potassic  ferrocyanide  and  hydrated 
magnetic  oxide  of  iron  or  ferroso-ferric  oxide,  whilst  the  other 
blues  when  similarly  treated  give  potassic  ferrocyanide  and  ferric 
oxide ;  the  formation  of  the  hydrated  ferroso-ferric  oxide  may  be 
explained  by  the  following  equations : 

Pe3-(Fe,)^Cy,,  +   6KH0  =  ^..{Ye^f'Cj^^   +  3Pe''(0H),; 

K3(Fe3)^Cyi,  +  2Fe(0H)j  +  2KHO  =  2K^Fe''Cy^  +  Fe^OH)^; 

Fe{OH)j   +  Fe5,(OH)3  =  OH,  +  FejO^OH)^  or  Fe30^,30Hj,. 

Commercial  Prussian  blue. — When  large  quantities  of  PniBeian  blue  are 
required,  Liebig  recommends  that  11  parts  of  crystallized  ferrous  snlphate  be 
dissolved  in  water,  and  divided  into  two  equal  portions;  one  part  is  then 
to  be  mixed  with  2  parts  of  hydrochloric  acid,  and  chloride  of  lime  gradually 
added  until  the  whole  of  the  ferrous  salt  is  converted  into  a  ferric  salt ;  it  is  then 
to  he  mixed  with  the  other  portion  of  the  eolation,  and  a  solution  of  10  parts  of 
potassic  ferrocyanide  is  to  be  added.  Prussian  blue,  however,  is  also  manufao- 
tuzed  on  the  large  scale  by  oxidizing  the  precipitate  of  ferrous  dipotassic  ferro- 
^anide  produced  by  adding  ferrous  sulphate  to  a  solution  of  potassie  ferrocyanide. 
Commercial  Prussian  blue  is  generally  contaminated  with  alumina,  and  some- 
times with  chalk,  planter  of  Paris,  and  starch ;  it  is  met  with  in  cubical  or  irre- 
gular masses  of  a  dark  blue  colour,  which  when  presbcd  with  a  hard  body, 
aequiie  a  coppery  lustre  resembling  that  of  indigo. 

From  the  manner  in  which  it  is  prepared  it  is  evident  that  it  most  be  a  mix- 
ture, containing  variable  proportions  of  the  violet-blue  compound,  diferrous 
dipotassic  ferricyanide,  K^Fe^JiFefiy^,  and  of  Turnbull's  blue  or  triferrous  fer- 
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ricyanide,  re'',(Pe,Cyjj).  It  i»  a  noteworthy  fiict,  moreover,  that  there  ia  a  cer- 
tain relation  between  the  tint  of  the  blue  prepared  by  the  ordinary  methods  and 
the  amount  of  potassiom  in  it.  This  can  be  easily  understood  when  it  ia 
remembered  that  the  potassium  is  present  as  diferrous  dipotassic  ferricyanide, 
which  has  a  violet-blue  colour,  whilst  the  triferrous  ferricyanide  is  a  pure  bright 
blue ;  so  that  the  tint  of  the  product  inclines  more  or  less  to  violet  according  to 
the  relative  proportions  of  the  two  compounds  contained  in  the  mixture. 

Prussian  blue  is  insoluble  in  water  and  in  weak  acids,  and  has  neither  taste 
nor  smell.  After  it  has  been  washed  with  dilute  hydrochloric  acid,  it  may,  how- 
ever, be  rendered  soluble  by  triturating  it  with  one-sixth  of  its  weight  of  crystal- 
lized oxalic  acid.  When  this  solution  is  diluted  with  forty  or  fifty  parts  of  water, 
it  forms  a  blue  liquid,  which  is  used  as  a  writing  ink.  Prussian  blue  is  also  soluble 
in  a  cold  solution  of  ammonium  tartrate,  forming  a  violet-coloured  liquid.  Con- 
centrated sulphuric  acid  produces  a  white  pasty  mass  when  triturated  with 
Prussian  blue,  but  on  the  addition  of  water  sulphuric  acid  is  separated,  and  the 
blue  pigment  is  reproduced.  Prussian  blue  is  decomposed  when  heated  with 
concentrated  sulphuric,  nitric,  or  hydrochloric  acid ;  it  is  also  decomposed  by 
the  action  of  chlorine.  When  boiled  with  mercuric  oxide,  mercuric  cyanide  is 
produced  and  ferric  oxide  is  separated. 

Prussian  blue  contains  water,  which  cannot  be  expelled  by  heat  without 
decomposing  the  compound.  If  heated  in  the  open  air  it  becomes  kindled  on 
the  approach  of  an  ignited  body,  and  burns  like  tinder,  leaving  a  residue 
of  ferric  oxide. 

(1123)  N1TROPRUS8IDB8. — The  nitroprussides  were  originaUy 
procured  by  the  following  process^  recommended  by  Playfair, 
by  whonii  these  salts  were  discovered  {Fhil.  Trans.,  1849,  p.  481)  : 

Common  nitric  acid  is  to  be  diluted  with  an  equal  bulk  of  water,  and  whea 
cold,  powdered  potassic  ferrocyanide  is  to  be  added  in  the  proportion  of  2  mole* 
cules  or  422  parts  of  the  ferrocyanide  to  5  molecules  or  315  parts  of  the  acid, 
HNO3.  The  mixture  gradually  assumes  a  brown  colour,  cyanogen  and  hydro- 
cyanic acid  are  liberated,  whilst  a  brisk  effervescence  occurs,  owing  to  the  escape 
of  carbonic  anhydride  and  nitrogen,  and  the  salt  is  dissolved,  forming  a  mixture 
of  potassic  ferricyanide,  nitroprusside,  and  nitrate :  the  solution  should  now  be 
heated  by  means  of  a  water-bath,  until  gas  ceases  to  be  evolved,  and  the  liquid, 
instead  of  giving  a  blue  precipitate  with  a  ferrous  salt,  produces  a  dark  green  or 
slate-coloured  precipitate.  It  must  then  be  allowed  to  cool,  by  which  means  a 
large  quantity  of  potassic  nitrate,  mixed  with  a  small  proportion  of  oxamide,  will 
be  separated.  The  strongly-coloured  mother-liquor  should  next  be  neutralized 
with  potassic  or  sodic  carbonate,  which  causes  a  greenish-broivn  precipitate,  and 
the  liquid,  after  filtration,  evaporated  and  allowed  to  crystallize.  Sodic  nitro- 
prusside crystallizes  more  readily  than  the  potassic  salt  which,  although  anhy- 
drous, is  somewhat  deliquescent. 

Hadow  {Joum.  Chem.  80c.,  1866,  341)  greatly  improved  this 
process  by  mixing  a  solution  of  potassic  ferricyanide  with  one  of 
mercuric  chloride^  acidulating  with  acetic  acid,  and  then  adding 
a  definite  quantity  of  sodic  nitrite.  According  to  Staedeler, 
however  {Zeits,  Chem,,  1869,  559),  the  presence  of  mercuric 
chloride  is  not  necessary,  for  he  finds  that  the  nitroprusside  is 
produced  even  more  readily  when  a  solution  of  potassic  fern- 
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cyanide  and  potassic  nitrite  is  acidulated  with  a  dilute  mineral 
acid^  the  reaction  being : 

K,Fe,Cy„  +  2KNO,  +  4HCI  =  K,Fe.(NO),Cy..  +  4^C[  +  2OH,  +  Cy^ 
FotMrie  ferriefiiiide.  PoUmms  nitiopruiiide. 

(1124)  Composition  of  the  Nltroprussides, — Hadow  assigned  to  these  com- 
poiindB  the  formula  K^Ye^fifij^^,  a»  he  found  that  nitrous  anhydride,  N^O,, 
eoDTerted  hydroferricyanic  acid  into  hydronitropruMsio  acid,  whilst  nitric  oxide  did 
not ;  the  more  recent  researches  of  Staedeler,  howerer,  tend  to  prove  that  their 
formula  is  that  proposed  by  Greihardt,  or  rather  double  that  formula— namely, 
M.F..{KO),Cy,.. 

(i  T25)  Hydroniiroprutnc  acid  ;  H^Pe,(NO),Cyj^. — This  acid  is  formed  when 
the  Tapour  of  nitrous  anhydride  is  passed  into  an  aqueous  solution  of  hydro- 
ferrieyanic  add^  cyanogen  being  evolved : 

H,Fe,Cy,,   +    2N0.'0H   =  H,re,(NO),Cy,.   +  Oy,   +    2OH,. 

An  aqueous  solution  of  the  acid  may  be  prepared  by  decomposing  argentic  nitro- 
pnuside  with  dilute  hydrochloric  acid.  The  solution  yields  dark  red  deliquescent 
crystals  of  the  formula,  H^Fej(NO),Cy,^,  2OH,,  by  evaporation  in  vacuo. 

(II 26)  Sodic  Nitroprusside  i  Na/e,(NO),Cy,^,  4OH,.— This  salt  crystal- 
lixes  in  fine  prisms  of  a  ruby-red  colour,  which  require  about  2*5  parts  of  cold 
water  for  solution.  Its  solution  is  decomposed  by  exposure  to  the  sun's  rays, 
Phissian  blue  being  deposited,  while  nitric  oxide  escapes.  Baric  nitroprusside, 
Ba|Pe,(NO),Cyj^  60H,,  crystallizes  in  fine  octahedra  of  a  dark  red  colour. 

The  nitroprussides  give  a  pale  green  precipitate  with  salts  of  copper,  and  a 
flesh-coloured  precipitate  with  those  of  silver.  With  salts  of  zinc  a  salmon- 
coloured  precipitate  is  produced ;  with  salts  of  nickel,  a  dirty  white ;  with  salts  of 
cobalt,  a  flesh-coloured  precipitat«  ;  and  with  ferrous  salts,  a  salmon-coloured  pre- 
dpitate  is  formed.  The  ferric  salts,  and  the  salts  of  lead,  of  mercury,  and  of  tin, 
give  no  precipitates  with  the  nitroprussides.  Chlorine  is  without  effect  upon 
Bolations  of  the  nitroprussides ;  but  they  are  decomposed  when  boiled  with  the 
alkalies,  part  of  the  iron  being  separated  as  a  crystalline  hydrated  ferric  oxide, 
while  the  solution  becomes  orange-coloured,  and  is  found  to  contain  a  nitrite 
and  a  ferrocyanide.  They  are  also  decomposed  by  boiling  sulphuric  acid.  If 
their  solutions  be  boiled  with  mercuric  oxide,  nitric  oxide  is  evolved,  and  mer- 
coric  cyanide  is  formed.  Sulphuretted  hydrogen  also  decomposes  them.  The 
most  delicate  and  characteristic  test  for  the  nitroprussides  is  the  production  of  a 
magnificent  purple  colour  when  mixed  with  solutions  of  the  alkaline  monosul- 
phides,  such  as  E,S  or  EUS.  This  coloration  is  very  intense,  and  may  be 
employed  to  indicate  very  minute  traces  either  of  a  soluble  sulphide  or  of  a  nitro- 
prusside. The  colour,  however,  speedily  disappears  if  any  of  the  polysulphides 
are  present.  It  appears  to  be  due  to  the  formation  of  a  double  salt  of  the  nitro- 
prusside with  the  sulphide  of  the  alkali-metal.  By  boiling  the  liquid,  nitrosul- 
phide  of  iron  and  of  the  alkali- metal  is  obtained. 

(1127)    COBALTOCTANIDES    AND   CoBALTICYANIDES. When    po- 

tassic  cyanide  is  added  to  a  salt  of  cobalt,  it  gives  a  reddish- 
brown  precipitate,  CoCyg,  which  is  soluble  in  an  excess  of  the 
precipitant.  The  double  cyanide  of  cobalt  and  potassium, 
potamc  cobaliocyanidey  4KCy,CoCyj  or  K^CoCy^  thus  formed 
may  be  precipitated  in  the  crystalline  state  by  adding  alcohol  to 
the  solution.     It  is  decomposed  on  the  addition  of  hydrochloric 
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acid^  cobaltoTis  cyanide  being  precipitated  ;  but  if  it  be  heated  or 
exposed  to  the  air  potassic  cobalticyanide  is  produced^  which 
corresponds  in  composition  to  potassic  ferricyanide. 

Potassic  Cobaltictanidb  ;  K,Co,Cy„.--Thi8  salt,  which  waa  discoTered  by 
GhneliD,  cryRtallizes  in  yellowish  an  hydrous  flatteDed  prisms,  isomorphous  with 
those  of  potassic  ferricyanide;  it  is  sparingly  soluble  in  water.  It  may  be 
obtained  either  by  dissolving  cobaltous  cyanide  in  an  excess  of  potassic  cyanide, 
and  exponing  it  to  the  air,  or  by  dissolving  hydrated  cobaltoas  oxide  by  the  aid 
of  a  gentle  heat  in  a  solution  of  potassic  hydrate,  sapersatiirated  with  hydro- 
cyanic acid ;  in  both  cases  oxygen  is  absorbed : 

4CoCy,   +    i2KCy   +    4HCy   +    0,  =    2Kfiofij^   +    2OH,. 

If  the  solutions  be  boiled  in  closed  vessels  the  same  compound  is  formed,  but 
hydrogen  is  evolved : 

2CoCy,   +    8KCy   +    OH,  =    K,Co,Cy„   +    2KOH    +   H,. 

The  corresponding  salt  of  sodium,  Na^COjCyj,,  4OH,,  crystallizes  in  longy 
transparent,  colourless  needles ;  that  of  barium,  Ba^CojCy^j,  20OH,,  in  efflores- 
cent prisms.  The  latter  may  be  obtained  by  treating  a  mixture  of  cobaltomi 
sulphate  and  baric  carbonate  with  hydi*ocyanic  acid.  Other  soluble  oobal- 
ticyanides  may  be  conveniently  prepared  from  the  baric  salt  by  double  decomposi- 
tion with  the  respective  sulphates.  Solutions  of  cobalticyanides  occasion  precipi- 
tates with  a  large  number  of  metallic  salts.  Cobalticyanide  of  zinc  is  white ;  that 
of  nickel  is  gelatinous,  and  of  a  pale  blue ;  that  of  cobalt  is  of  a  pale  red ;  that 
of  copper  of  a  pale  blue ;  the  ferrous,  manganous,  and  stannous,  as  well  as  mer- 
curous  and  argentic  cobalticyanides,  are  white ;  salts  of  lead  give  no  precipitate 
with  the  soluble  cobalticyanides. 

Hydbocobaltictanic  Acid  ;  H^Co^Cy^j,  20Hg,  crystallizes  in  colourless 
needles  from  its  aqueous  solution,  which  may  be  obtained  by  decomposing  cnpric 
cobalticyanide  suspended  in  water,  by  sulphuretted  hydrogen.  It  may  also  be  pre- 
pared by  adding  sulphuric  acid  and  then  alcohol  to  a  concentrated  solution  of  potassic 
cobalticyanide,  filtering  from  the  precipitated  potassic  sulphate,  and  evaporating. 

(1128)  Manganocyanides  AND  Manganicyanides. — Potaisic  mangano' 
cyanide,  K^MnCy^,  3OH,,  isomorpbous  with  the  (corresponding  iron  compound,  is 
prepsred  by  digesting  manganous  carbonate  with  a  concentrated  solution  of 
potassic  cyanide,  or  by  adding  potassic  cyanide  to  a  solution  of  manganous  acetate, 
until  the  green  precipitate,  ECy,MnCy,,  at  first  formed,  is  re-dissolved,  and  then 
precipitating  the  manganocyanide  with  alcohol.  It  crystallizes  in  square  plates 
of  a  depp  violet  colour,  which  dissolve  readily  in  water,  forming  a  colourless 
solution ;  after  a  time,  however,  this  decomposes,  depositing  the  g^en  compound, 
KCy,MnCy,.  Sodic  manganocyanide  crystallizes  in  transparent  octahedra  of  an 
amethygt  colour.  Potassic  manganicyanide,  K^Mn^Cyj,,  crystallizes  in  reddish- 
brown  prisms,  isomorphous  with  the  ferricyanide,  and  is  produced  when  a  solu- 
tion of  the  manganocyanide  is  heated  or  exposed  to  the  air. 

(11 29)  Chbomicyanides. — Chromic  salts  yield  with  potassic  cyanide  a  pale 
bluish-grey  precipitate,  Cr^Cy,,  which  is  not  soluble  in  excess  of  the  potassic 
cyanide ;  but  if  a  mixture  of  hydrated  chromic  oxide  with  a  solution  of  potassic 
hydrate  and  an  excess  of  hydrocyanic  acid,  be  exposed  to  the  air,  the  liquid 
acquires  a  reddish -brown  colour,  and  a  potassic  chromicyanide  is  formed  (Beck- 
mann),  corresponding  to  the  ferricyanides  and  cobalticyanides.  These  salts  are 
of  small  importance,  and  have  been  hue  little  examined.  Potassic  chromicyanide, 
KjCrjCy^j,  forms  brownish-red  anhydrous  prisms ;  its  solution  precipitates  argen- 
tic nitrate,  white ;  salts  of  cobalt,  blue ;  and  ferrous  salts  of  a  brick-red ;  but  it 
gives  no  precipitate  with  ferric  salts,  or  with  plumbic  nitrate. 
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(1130)  Osmiocyjikidss  and  Buthekioctanidrs. — These  oompounds 
correspood  in  composition  with  the  ferrocyanides,  and  the  potassic  salts  of  all 
three  are  isomorphoiis.  The  precipitates  they  form  when  mixed  with  salts  of 
oopper,  iron,  zinc,  and  lead,  closely  resemble  those  obtained  with  the  ferrocyanides. 

Paiassie  asmioeyanide,  K^OsCy,,  3OH,,  is  easily  prepared  by  treating 
potassic  mmate  with  potassic  cyanide,  evaporating  to  dryness,  and  gently  ignit- 
ing. On  dissolving  the  calcined  mass  in  a  small  quantity  of  hot  water  a  solution 
is  obtained  which  deposits  the  salt  in  large  cryntals  on  cooling.  JSydroosmiocy^ 
attie  acid,  H^OsCy,«  is  obtained  in  the  crystalline  state  on  adding  hydrochloric 
add  to  a  concentrated  solution  of  the  potassic  salt 

(113J)  Platinocyanides. — Gmelin  ascertained  that  platinum 
is  capable  of  entering  into  combination  with  cyanogen,  and  form- 
ing a  series  of  double  cyanides^  which  are  amongst  the  most 
beautiful  crystalline  substances  known;  these  compounds,  however, 
are  not  analogous  in  composition  to  the  foregoing^  as  may  be  seen 
fifom  an  inspection  of  the  following  formulae  : 

Hydroplatinocyanic  acid     ....     H^PtCy^. 
Potassic  platinocyanide        ....     K^PtCy^,  30Hg. 

Potassic  plaiinocyanide  is  best  formed  by  dissolving  platinous 
chloride  in  a  solution  of  potassic  cyanide^  and  evaporating  the 
liquid  until  the  salt  crystallizes  out  on  cooling : 

PtClj  +   4KCy   =   KjPtCy^   +    2KCI. 

It  may  also  be  obtained  by  fusing  potassic  ferrocyanide  with 
spongy  platinum,  or  by  heating  a  concentrated  solution  of 
platinic  chloride  with  an  excess  of  potassic  cyanide : 

Pta^   +   6KCy   =  KgPtCy^  +  4KCI   -f  C^'S^. 

This  beautiful  salt  forms  long  transparent  rhombic  prisms, 
containing  30Hj,  which  are  yellow  by  transmitted,  and  blue  by 
reflected  light ;  it  is  very  soluble  in  water,  but  more  sparingly  so 
in  alcohol  and  in  ether.  Magnesic  platinocyanide,  MgPtCy^,70H3, 
is  a  beautiful  salt  which  crystallizes  in  rosettes  from  its  solution 
in  a  mixture  of  alcohol  and  ether :  these  crystals  form  square 
prisms,  which  are  of  a  rich  crimson  by  transmitted  light,  and 
green  or  blue  by  reflected  light ;  they  are  very  soluble  in  water, 
and  the  solution  is  colourless*. 

The  changes  of  colour  which  this  salt  experiences  by  change  in  its  condition 
of  hydration  are  very  remarkable.  The  ordinary  red  salt  with  yOH,  when 
gently  warmed,  even  under  water,  becomes  yellow,  and  if  crystallized  at  7 1^ 
(160**  P.)  yellow  crystals  with  6OH3  are  deposited.  At  too**  (212°  F.)  the  salt 
rtill  retwns  2OH,  when  it  is  white,  and  between  150°  and  200^  (300"  and 
400^  F.)  it  becomes  anhydrons,  and  is  then  yellow.  These  singular  changes 
of  eolour  may  be  strikingly  displayed  by  allowing  a  strong  solution  of  the  salt 
to  evaporate  on  a  sheet  of  white  paper.  When  dry  a  crimson  surface  is  obtained, 
bat  a  drop  of  water  upon  any  point  destroys  the  colour  at  that  spot  instantlgr ;  , 
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on  drying  it  again  reappears.  When  heated,  the  red  salt  first  beoomea  yellow ; 
as  the  temperature  rises  it  is  rendered  white ;  and  by  a  somewhat  stronger  heat 
it  again  becomes  yellow.  By  breathing  on  the  paper,  the  salt  resumes  the  water 
that  it  had  lost,  the  yellow  spot  becoming  successively  white,  yellow,  and  erentu- 
ally  crimson  (Hadow). 

Hydroplatinocyanic  Acid,  HjjPtCy^,  crystallizes  from  its 
aqueous  solution  with  50Hg  in  deep  red  prisms  having  a  bluish 
black  fluorescence.  It  may  be  obtained  by  decomposing  the 
mercurous,  cupric,  or  argentic  salt  suspended  in  water  by  sul- 
phuretted hydrogen,  and  evaporating  the  solution. 

The  most  characteristic  tests  of  the  platinocyanides  are  the 
formation  of  a  beautiful  smalt-blue  precipitate  when  a  platino- 
cyanide  is  added  to  a  solution  of  mercurous  nitrate  in  excess, 
and  a  flocculcnt  blue  precipitate  with  cupric  salts :  with  argentic 
nitrate  it  yields  a  white  precipitate.  The  platinocyanides  are 
remarkable  for  their  strong  tendency  to  form  double  salts;  amongst 
others  a  very  beautiful  double  salt  of  potassium  and  magnesium, 
MgPtCy^,K2PtCy4,70Hj„  may  be  obtained. 

(1132)  Platinictanidbs. — There  is  another  very  beautiful  series  of  salts, 
commonly  termed  the  platinicyanides,  which  are  produced  by  the  action  of  oxi- 
dizing agents,  such  as  chlorine,  bromine,  nitric  acid,  &o,,  on  the  platinocyanides ; 
they  crystallize  in  prisms  of  a  coppery  lustre  when  viewed  by  reflected  light,  but 
they  appear  to  be  green  by  transmitted  light,  and  polarize  light  powerfully ;  their 
solutions,  however,  are  colourless.  These  salts,  when  dissolved  in  water,  produce 
a  white  precipitate  with  argentic  and  mercuric  salt«,  a  blue  with  the  mercurous 
salts,  and  a  greenish-blue  with  the  cupric  salts.  The  platinicyanides  have  been 
carefully  examined  by  Hadow,  who  has  shown  that  the  usually  received  formula, 
M^PtCy^,  is  erroneous,  and  that  they  are  more  complicated  in  structure.  The 
salt  formerly  known  as  potassic  platinicyanide  is  really  a  double  salt  of  potassic 
platinocyanide  and  platinichlorocyanide : 

K«Pt.Cy^Cl„  21OH,   =   5K.PtCy,,K.PtCyA.  21OH,. 

Salts  exist,  moreover,  which  correspond  in  appearance  with  this,  containing  in  place 
of  the  two  atoms  of  chlorine,  either  Br^,  or  NO,,  or  SO^.  In  order  to  prepare  these 
compounds  in  a  state  of  purity,  Hadow  {J.  Chem.  Sor,,  xiii.  106)  mixes  the 
platinocyanide  with  the  platinichlorocyanide,  or  one  of  the  corresponding  com- 
pounds, in  the  ratio  of  5  molecules  of  the  former  with  i  molecule  of  the  latter ; 
if  the  solution  be  of  a  proper  degree  of  concentration  the  pure  salt  separates  after 
a  time. 

Potassic  platinocyanide  unites  with  iodine,  forming  potassic  platinUiodo' 
cyanide,  K^PtCyJ,,  from  which,  by  treatment  with  chlorine  or  bromine,  the 
corresponding  bromo-  and  chloro-platinicyanide  are  readily  obtained  in  a  state  of 
purity.  The  corresponding  hydrogen  compounds  are  produced  by  decomposing 
the  baric  salts  with  dilute  sulphuric  acid,  Hydric  platinihromocyanide,  or 
hydroplatinibromocyanic  acid,  thus  prepared,  crystallizes  in  long  yellow  needles ; 
it  is  a  strong  acid,  which  readily  dissolves  metallic  zinc,  and  forms  zincic  platini- 
hromocyanide (Blomstrand,  Joum,  pr,  Chem.  [2],  iii.  207). 

(1133)  Palladiocyanides.— When  a  solution  of  a  salt  of  palladium  is 
mixed  with  one  of  mercuric  cyanide,  a  yellowish-white  precipitate  of  palladions 
cyanide  is  formed ;  this  precipitate  is  not  decomposed  by  acids,  but  may  be  dis- 
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solved  by  means  of  potasHic  cyanide,  with  which  it  forms  a  double  salt,  crystal- 
lizing in  coloorless  rhomboidal  prisms,  K^PdCy^,  3^^r  ^^^  palladiocyanides 
are  iiomorphoua  with  the  corresponding  platinocyanides. 

(1134)  Bhodictai^ides  and  Ibidictanides. — Both  rhodium  and  iridinm 
yield  doable  cyanides  analogous  to  the  ferricyanides,  bat  potassio  rhodicyanide 
ii  decomposed  by  acetic  acid,  with  separation  of  the  insoluble  rhodic  cyanide. 
This  reaction  may  be  employed  in  the  separation  of  rhodium  from  iridium, 
SDoe  acetic  acid  does  not  decompose  the  iridium  salt. 

Poiassie  iridicyanide,  K^Ir^Cyj^  (Claus),  forms  four-sided  colourless  crystals, 
and  is  characterized  by  giving  a  deep  indigo-blue  precipitate  with  the  oupric 
salts,  and  a  bright  yellow  with  the  ferric  salts. 

It  appears  firom  the  foregoing  statements^  that  cyanogen  has 
a  strong  tendency  to  produce,  with  several  of  the  metals,  electro- 
negative  compounds,  which  form  with  hydrogen  a  series  of  well- 
marked  acids :  the  number  of  atoms  of  metal  which  are  thus 
united  with  the  cyanogen  to  constitute  the  radicles  of  these  acids, 
Tarying  with  the  nature  of  the  metal.  These  acids  may  be  divided 
into  classes,  according  to  the  number  of  hydrogen  atoms  displace- 
able  by  metals  which  they  contain.  The  composition  of  the 
potassium  salts  of  the  different  classes  is  exhibited  in  the  following 
Ubie : 

Auricyanide     .     .     .     KAu'^Cy^. 

Aurichlorocyanide      .     KAu'^'CyjClj,. 

/Platinocyanide      .     .     K^PfCy^  3OH3. 
Platinichlorocyanide  .     K^Pt^^Cy^Clg,  JzOH^. 
Palladiocyanide    .     .     K^Pd^Cy^  3OH8. 

Ferrocyanide    .     .  .  K^Fe'^Cy^,  3OH3. 

Manganocyanide  .  .  K^Mn^Cy^,  3OH3. 

Osmiocyanide  .     .  .  K^Os^'Cy^,  3OH2. 

Rutheniocyanide  .  .  K^Ru^'Cy^,  30Hj. 

Ferricyanide    .  •  .  KQ{Fe^^Cj^^. 

Cobalticyanide  .  .  K^iCo^'^Cj^^. 

jSlanganicyanide  .  .  Kg(Mn2)^Cyj2. 

Chromicyanide  .  .  ^ei^T^iY^^Jir 

Iridicyanide     .  •  .  ^q(^'p^)'^Cj^2' 

Rhodicyanide  .  .  .  Kg(Ro2)^Cyi3. 

(1135)  Chlorides  of  Cyanogen. — Chlorine  forms  with 
cyanogen  two  polymeric  compounds,  both  of  which  are  extremely 
poisonous :  one  is  liquid,  the  other  is  solid. 

Cyanic  Chloside  or  Liquid  Chloride  of  Cyanogen,  CNCl  or  CyCl  = 
6 1 '5.— This  compound  is  prepared  by  passing  a  rapid  current  of  chlorine  through 
I  mixture  of  i  part  of  anhydrous  hydrocyanic  acid  with  5  parts  of  water,  cooled 
by  a  mixture  of  ice  and  i^alt,  until  the  liquid  turns  green  ;  the  oily  layer  which 
fonns  at  the  bottom  of  the  retort  in  carefully  separated  from  tiie  waten  and 
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agitated  in  a  freezing  mixture  with  small  portions  of  mercnric  oxide,  to  remove 
the  excess  of  chlorine  and  hydrocyanic  acid,  after  which  it  is  rectified  from  calcic 
chloride  (Gautier,  Bull.  Soe.  Chim.,  v.  403).  A  very  mobile  colourless  liquid, 
with  an  excessively  irritating  odour,  is  thus  obtained,  which  boils  at  12*6^ 
(547''  F.) ;  when  cooled  to  7°  (i9'4°  F.)  it  is  converted  into  a  crystalline  mass. 

The  gaseous  chloride  of  cyanogen  obtained  by  passing  a  current  of  chlorine 
into  a  retort  containing  a  mixtui*e  of  powdered  mercuric  cyanide  and  water  cooled 
to  o^  (32^  F.)  by  immersion  in  ice,  and  subsequently  heating  the  solution,  is 
merely  the  vapour  of  the  liquid  chloride,  which  may  easily  be  condensed  by  a 
suitable  refrigerating  mixtiire.  It  dissolves  freely  in  alcohol  and  ether, — less 
readily  in  water. 

Cyakubic  Chloride  or  Solid  Chloride  of  Cyanogen,  C,N,Cl3=  184*5. — 
The  vapour  of  this  compound  is  three  times  as  dense  as  that  of  the  liquid 
chloride.  It  may  be  prepared  bj  decomposing  concentrated  hydrocyanic  acid 
by  exposing  it  in  a  glass  vessel  with  an  excess  of  dry  chlorine  to  the  direct  rays 
of  the  sun,  or  by  passing  a  gentle  current  of  chlorine  into  a  solution  of  i  part  of 
hydrocyanic  acid  in  4  of  dry  ether.  It  is  also  formed  when  cyanuric  acid  ia 
distilled  with  phosphoric  pentachloride.  Cyanuric  chloride  crystallizes  in  white 
needles ;  it  is  but  sparingly  soluble  in  water,  although  it  is  freely  taken  up  by 
alcohol  and  ether. 

(11 36)  BfiOMiDES  OF  Cyakogek. — Cyanic  Bromide,  CNBr  or  CyBr  =  106, 
may  be  prepared  by  distilling  a  mixture  of  bromine  and  mercuric  cyanide,  or  by 
passing  bromine  vapour  into  a  mixture  of  i  part  of  hydrocyanic  acid  with  4  of  water. 
It  is  very  volatile,  and  sublimes  readily  in  glistening  colourless  needles.  Its  vapour, 
like  that  of  the  chloride,  is  very  pungent,  exciting  a  copious  flow  of  tears.  When 
heated  to  130** — 140°  (266°— 284°  F.)  for  six  or  eight  hours,  either  alone  or 
dissolved  in  anhydrous  ether,  it  is  converted  into  the  polymeric  modification 
O^^Br,,  corresponding  to  the  solid  cyanuric  chloride.  Cyanuric  bromide  is 
insoluble  in  alcohol  and  benzene,  and  nearly  insoluble  in  ether;  it  melts  at 
above  300^  (572°  F.),  and  boils  at  a  still  higher  temperature. 

Cyanic  Iodide  or  Iodide  qf  Cyanogen,  CNI  or  Cyl  =  i53,  crystallizes 
in  long  colourless  needles,  which  are  readily  volatile.  It  may  be  prepared  by 
gently  heating  a  mixture  of  iodine  and  mercuric  cyanide,  or  by  adding  iodine  to 
a  concentrated  solution  of  potassic  cyanide  in  equal  molecular  weights,  extracting 
the  cyanic  iodide  l)y  agitation  with  ether,  evaporating  the  ethered  solution,  and 
subliming. 

('  137)  Cyanic  Acid  or  Hydric  Cyanate  :  HCNO  =  43. — 
Cyanic  acid  may  be  prepared  by  distilling  the  polymeric  body, 
cyanuric  acid,  HgCgNjOj  (1145J,  i  molecule  of  which  contains 
exactly  the  same  elements  as  3  molecules  of  cyanic  acid.  When 
this  compound  is  sealed  up  in  a  bent  glass  tube^  one  limb  of  which 
is  kept  cool  whilst  heat  is  applied  to  the  cyanuric  acid  in  the 
other  limb^  a  limpid^  colourless  liquid  distils  over  and  is  con- 
densed. The  cyanuric  acid  is  thus  wholly  converted  into  pure 
cyanic  acid. 

Cyanic  acid  has  an  extremely  pungent  odour,  and  is  very 
volatile ;  its  vapour  attacks  the  eyes  powerfully,  and  when  liquid 
it  acts  as  a  powerful  caustic  if  dropped  upon  the  skin.  It  is, 
however,  impossible  to  preserve  this  compound,  for  in  the  course 
of  a  few  hours  it  changes  spontaneously,  with  development  of  heat. 
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into  a  white  enamel-like  mass^  which  is  permanent  in  the  air  and 
insoluble  in  water ;  to  this  body  the  name  of  cyamelid  has  been 
given  5  it  has  the  same  centesimal  composition  as  cyanuric  and 
cyanic  acids^  with  which  it  is  polymeric. 

Oyamelid  ms^y  also  be  obtained  by  tritarating  potasaio  cyanate  with  crystal- 
lized oxalic  or  tartaric  acid,  and  washing  oat  the  soluble  salt  of  potassium.  It 
may  be  reconverted  by  heat  into  cyanic  acid ;  if  boiled  with  a  solntion  of  potassio 
hydrate  it  gradually  forms -potassic  cyanurate ;  sulphuric  acid  decomposes  it  with 
evolution  of  carbonic  anhydride,  whilst  ammonic  sulphate  is  produced. 

A  solution  of  cyanic  acid  in  water  quickly  decomposes  into 
ammonic  carbonate  and  urea^  CON^H^: 

HCNO  +  OH2  =  COj,  +  NH3;  and  HCNO  +  NH3  ==  CON^H^. 

(1138)  PoTASsic  Cyanatb,  KCN0=8i'i. — If  cyanogen  gas 
be  passed  into  an  alkaline  solution^  a  change  ensues  somewhat 
analogous  to  that  which  occurs  under  similar  circumstances  with 
chlorine^  cyanide  and  cyanate  of  the  metal  being  produced : 
C,Njj + 2KH0= KCN + KCNO + OH^  If  potasslc  carbonate  be 
heated  in  cyanogen  gas^  a  mixture  of  potassic  cyanide  and 
cyanate  is  formed^  whilst  carbonic  anhydride  is  set  free  : 

K,C03-fC3N3=KCN+KCNO  +  CO,. 

Potassic  cyanate^  however,  is  more  readily  prepared  by  fusing 
potassic  cyanide  in  a  crucible,  and  adding  litharge  (plumbic  oxide) 
in  small  quantities,  until  the  oxide  ceases  to  be  decomposed: 
KCN  +  PbO = KCNO + Pb.  The  cyanate  is  easily  separated  from 
the  reduced  lead  and  the  excess  of  plumbic  oxide,  which,  from 
their  superior  density,  sink  through  the  melted  mass  to  the 
bottom.  The  cyanate  may  be  purified  by  solution  in  boiling 
alcohol,  from  which  it  crystallizes  on  cooling  in  deliquescent 
plates.  Another,  but  less  productive,  method  of  preparing  potassic 
cyanate  consists  in  heating  an  intimate  mixture  of  2  parts  of 
thoroughly  dried  potassic  ferrocyanide  with  i  part  of  finely 
powdered  anhydrous  black  oxide  of  manganese :  the  mixture  is 
placed  upon  a  sheet-iron  plate  and  heated  to  dull  redness,  the 
mass  being  kept  constantly  stirred.  The  oxidation  of  the  cyanide 
is  effected  partly  at  the  expense  of  the  oxygen  in  the  oxide  of 
manganese,  partly  of  that  in  the  atmosphere.  When  the  com- 
bustion has  ceased,  potassic  cyanate  may  be  dissolved  out  of  the 
residue  with  hot  alcohol. 

Potassic  cyanate,  if  kept  dry,  may  be  preserved  without 
change ;  but  so  unstable  is  cyanic  acid,  that  on  attempting  to 
prepare  it  from  potassic  cyanate  by  the  addition  of  an  excess  of 
sulphuric  or  any  other  strong  acid,  traces  of  it  only  are  obtained  :^ip 
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a  brisk  effervescence  ensues— each  molecule  of  the  cyanic  acid 
assimilates  the  elements  of  wat6r^  and  is  almost  entirely  resolved 
into  I  molecule  of  ammonia,  which  remains  in  combination  with 
the  acid  employed  in  decomposing  the  cyanate^  and  one  of 
carbonic  anhydride^  which  escapes  with  effervescence : 

rzKCNO  +  aOH,  +  2H,S0^  =  (NHJ^SO^  +  K.SO^  +  aCOj^. 

PotasBio  Sulphuric  Ammonic  Potassic 

ojanate.  aoid.  iqlphate.  sulphate. 

PoTASSic  IsocYANATEj  KCNO. —  This  compound,  which  is 
isomeric  with  potassic  cyanate,  is  formed  by  the  action  of  potassic 
hydrate  on  paracyanogen,  on  fusing  para:icyanogen  with  potassic 
cyanide,  and  also  when  a  current  of  the  vapour  of  cyanic  chloride 
is  passed  into  a  concentrated  aqueous  solution  of  potassic  hydrate. 
Melms  finds  that  when  the  ordinary  potassic  cyanate  is  heated 
with  cyanic  iodide,  the  former  is  entirely  converted  into  the 
isocyanate,  although  the  iodide  undergoes  no  change.  Potassic 
isocyanate  crystallizes  from  alcohol  in  long  thin  needles,  very 
different  in  appearance  from  the  ordinary  cyanate ;  after  its 
solution  has  been  submitted  to  the  long-continued  action  of  an 
alkaline  hydrate,  the  addition  of  argentic  nitrate,  after  neutraliza- 
tion with  nitric  acid,  produces  a  white  precipitate  of  silver 
dicyanimide,  C^NgAg  (Bannow,  Deut.  chem.  Ges.  Ber.,  iv.  253,). 

Ammonic  Cyanate,  NH^CNO,  is  formed  when  the  vapour  of  cyanic  acid 
is  allowed  to  come  into  contact  with  dry  ammonia.  It  iti  a  snow-white  crystal- 
line powder,  which,  on  being  hoiled  with  water,  is  converted  into  the  it?omerio 
body  urea, 

Solutions  of  the  soluLle  oyanates  give  white  precipitates  with  solutions  of 
mercurons  salts  as  well  an  with  those  of  the  salts  of  lead  and  of  silver ;  they 
yield  no  precipitate  with  solution  of  mercuric  chloride,  or  with  the  solutions  of 
salts  of  iron  or  tin.  With  cupric  nitrate  they  give  a  greenish-brown  precipitate, 
and  with  auric  chloride  a  brown  precipitate. 

(1139)  SuLPHocYANATBS  or  Thiocyanatrs,  Jihodanates. — 
When  potassic  cyanide  is  fused  with  sulphur,  or  even  when  a 
solution  of  the  cyanide  is  boiled  with  flowers  of  sulphur,  the  two 
bodies  enter  into  combination,  and  potassic  sulphocyanate,  KCNS^ 
is  formed;  this  compound  is  also  readily  prepared  by  heating 
to  dull  redness  in  a  covered  crucible  an  intimate  mixture  of 
3  parts  of  anhydrous  potassic  ferrocyanide,  2  of  sulphur,  and  i  of 
potassic  carbonate.  The  melted  mass  when  cold  should  be  treated 
with  boiling- water,  to  separate  the  ferrous  sulphide  formed  in  the 
operation,  and  the  filtered  liquid  evaporated  :  on  cooling,  striated 
prismatic  crystals  of  potassic  sulphocyanate  will  be  deposited^ 
which  may  be  purified  by  recrystaJtIisation  from  alcohol ;  or  the 
sulphocyanate  may  be  obtaiued  directly  fixun  the  fused  mass  by 
treatment  with  alcohol.  ^  i 
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P0TAS8IC  SuLPHOCYANATE,  KCNS=97'i,  is  anhydrous,  but  very 
deliquescent,  dissolving  readily  in  water  with  considerable  depres- 
sion of  temperature ;  it  is  also  very  soluble  in  hot  alcohol.  It 
fuses  readily  when  heated.     It  is  not  poisonous. 

PoTASsic  IsosuLPHocYANATE,  KCNS,  prepared  by  acting  on 
persulphocyanic  acid  (1142}  with  an  alcoholic  solution  of  potassic 
hydrate,  is  a  yellow  granular  mass,  which  becomes  white  when 
boiled  with  alcohol.  It  is  very  soluble  in  water,  but  almost 
insoluble  in  alcohol,  and  crystallizes  from  dilute  alcohol  in  tufts 
of  needles.  By  long  continued  boiling  of  the  aqueous  solution 
it  becomes  partly  converted  into  the  ordinary  sulphocyanate,  and 
this  change  is  immediately  effected  by  fusing  the  dry  salt.  In 
its  reactions  with  metallic  salts  it  behaves  very  differently  from 
the  sulphocyanate,  merely  giving  a  brown  colour  with  a  solution 
of  ferric  chloride,  which  disappears  on  adding  an  excess  of  the 
latter.  With  argentic  nitrate  it  yields  a  pale  yellow  precipitate 
almost  insoluble  in  ammonia,  whilst  the  ordinary  sulphocyanate 
yields  a  white  precipitate  soluble  in  ammonia. 

The  sulphocyanates  may  be  regarded  as  representatives  of  the 
cyanates,  in  which  the  oxygen  of  the  latter  salts  has  had  its 
place  supplied  by  sulphur,  the  decomposition  of  sulphocyanic  acid 
by  the  aid  of  heat  and  acids  resembling  that  of  cyanic  acid 
under  similar  circumstances ;  thus  with  dilute  sulphuric  acid  it 
gives  carbonic  oxysulphide,  cyanic  acid  yielding  carbonic  an- 
hydride : 

HCNS  -h   HjSO,  -h   OHj,  =  COS   +  NH^.HSO,. 

Sulphocyanic  acid.  Carbonio  oxysulphide. 

HCNO   +  H,SO^  +  OH,  =  CO,  +   NH^.HSO^. 

Clyanlc  add.  Carbonio  anbydrida. 

Ammonic  sulphocyanate,  also,  is  converted  into  thiourea,  CSNgH^ 
when  heated,  just  as  urea,  CON^H^  is  formed  from  ammonic 
cyanate  during  the  evaporation  of  its  solution. 

The  minority  of  the  sulphocyanates  are  solable  both  in  water  and  in  alcohol, 
and  are  distinguished  by  the  production  of  an  intense  blood-red  colour  when 
their  solutions  are  mixed  with  one  of  the  ferric  salts ;  if  the  red  liquid  be  then 
acidulated  with  hydrochloric  acid,  and  fragments  of  zinc  added,  sulphuretted 
hydrogen  is  disengaged,  and  the  colour  disappears,  methylamine  being  formed 
amongst  other  products.  Ferric  sulphocyanate  does  not  form  crystals.  Plumhie 
sulpkocyafuUe  is  sparingly  solable ;  it  is  slowly  deposited  in  brilliant  anhydrous 
crystals  when  solutions  of  plumbic  acetate  and  potassic  sulphocyanate  are  mixed. 
Basic  plumbic  acetate  gives  a  white  precipitate.  The  sulphocyanates  also  give  a 
white  precipitate  of  cuprous  sulphocyanate,  Ca,(CNS),,  when  added  to  a  mixture 
of  a  ferrous  salt  with  a  cuprio  salt ;  with  mercurous  salts  and  with  the  salts  of 
silver  and  of  gold,  they  produce  white  preoipitaies.  /-^  r^r^n]o 
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Akkonig  sulphoctanats,  NH^CNS  =  76.— a  oontiderable  qoantxty  of 
thb  salt  is  found  in  the  hydrated  ferric  oxide  employed  in  gas  works  for  absorbing 
the  sulphuretted  hydrogen  from  the  crude  g^,  and  also  in  the  ammonia  liquor, 
which  accounts  for  its  presence  in  commercial  ammonio  sulphate.  It  may  be  pre- 
pared by  treating  carbonic  bisulphide  with  aqueous  ammonia  in  closed  vessels,  or 
with  an  alcoholic  solution  of  ammonia,  the  reaction  being:  CS,  +  4NH,= 
NH^.CNS  +  (NH^),S ;  also  by  adding  hydrocyanic  acid  to  ammonic  sulphide. 
It  forms  colourless  deliquescent  plates,  which  melt  at  159°  (3 18 '2°  F.),  and  are 
yery  soluble  both  in  water  and  in  alcohol. 

Mescubic  8VLPHOCYANATS,  Hg(CNS),,  is  obtained  on  adding  a  solution  of 
potassic  sulphocyanate  to  one  of  mercuric  nitrate.  It  is  soluble  in  excess  of 
either  salt,  and  crystallizes  from  its  solution  in  boiling  water  in  nacreous 
laminiB.  When  heated,  it  readily  decomposes  with  strong  intumescence,  so 
that  on  applying  a  light  to  one  point  of  a  small  heap  of  the  salt,  the  action 
rspidly  spreads  through  the  mass,  which  swells  up  to  many  times  its  original 
bulk. 

(1140)  SuLPHOCTANic  ACID,  HCNS. — ^Whcn  drymercurous  sulphocyanate 
is  heated  in  a  current  of  sulphuretted  hydrogen,  mercurous  sulphide  is  produced, 
and  a  colourless  oily  liquid  which  is  sulphocyanic  acid.  This  acid  boils  at  102^ 
(215*6®  F.) ;  when  cooled  to — 12°  (10-4°  F.),  it  solidifies  to  a  radiated  mass  of 
six-sided  prisms.  It  has  a  pungent  odour,  resembling  that  of  acetic  acid  and  a 
strong  acid  taste.  It  is  a  dangerous  poison.  In  the  concentrated  state  it  soon 
undergoes  decomposition  into  hydrocyanic  and  persulphocyanie  acid : 

3  HCNS  =  HON  +  C,N,S,H,. 

Sulphocyanic  acid  may  be  obtained  in  solution  by  suspending  the  snlpho- 
cyanat^  of  copper,  mercuiy,  or  silver  in  water,  and  decomposing  it  by  means  of 
a  current  of  sulphuretted  hydrogen.  When  a  dilute  solution  is  boiled,  it 
gradually  undergoes  decomposition,  ammonia,  carbonic  bisulphide,  and  carbonic 
anhydride  being  formed ;  in  a  more  concentrated  state  it  is  resolved  into  hydro- 
cyanic and  persulphocyanio  acids ;  these  changes  occur  more  quickly  in  the  pre- 
sence  of  other  acids. 

(1141)  SuLPHOCTANic  AWHTDBIDE,  Cyanic  i>r  cvanogcfi  sulphidc,  S(CN)j=5 
SCy,,  is  best  obtained  by  the  action  of  cyanic  iodide  on  argentic  sulphocyanate 
in  ethereal  solution  ;  it  is  also  formed  on  heating  argentic  cyanide  with  sulphur 
chloride.  It  crystallizes  in  colourless  rhombic  laminae,  which  melt  at  65* 
(149®  F.),  but  sublime  at  a  much  lower  temperature.  It  is  soluble  in  alcohol, 
«ther,  and  carbonic  bisulphide,  but  is  decomposed  by  water  with  separation  of  a 
yellow  substance;  a  solution  of  potassic  hydrate  converts  it  into  potassic 
cyanate  and  sulphocyanate. 

(1142)  Pbsbulphogtahic  acid,  G^,S,H^. — If  a  saturated  solution  of 
potassic  sulphocyanate  be  mixed  with  8  or  10  times  its  weight  of  concentrated 
hydrochloric  acid,  it  is  decomposed,  hydrocyanic  add  is  evolved,  and  the 
solution  becomes  semi-solid  from  the  separation  of  the  so-called  persulphoeyanic 
acid,  in  crystalline  needles.  It  may  also  be  prepared  by  mixing  a  rolution  of 
ammonic  sulphocyanate  in  its  own  weight  of  water  with  3  vols,  of  sulphuric 
acid  of  sp.  gr.  1*34.  Persulphocyanic  acid  dissolves  in  420  parts  of  boiling 
water,  and  as  the  solution  cools  it  is  deposited  in  beautiful  orange-coloured 
needles.  Its  solution  yields  a  yellow  precipitate  with  argentic  nitrate;  with 
potassic  hydrate  it  yields  potassic  isocyanate.     {See  I'hiourea) 

(1143)  PsBSULPHOCTAiYOGBN,  C,N,S,H.--Solution»  of  sulphocyanic  acid, 
and  of  the  sulphocyanates  are  decomposed  by  nitric  acid,  and  also  by  chlorine  or 
bromine,  a  bright  yellow  precipitate  of  persulphocyanogen  being  produced, 
which  is  insoluble  in  water,  alcohol,  and  ether.     When  heated  with  concptrated 
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hydrochloric  acid  it  is  decomposed,  yielding  cyanaric  acid,  hydrio  sulphide,  and 
hydric  persnlphide  (Gliitz,  Deut  chem.  Ges,  Ber.,  iii.  343) : 

C^,S,H  +   3OH,  =   C,N,0,H,   +  SH,   +   S,H,. 

(1144)  DicYANic  Acid,  CgOjNjH,. — Schmitt  states  that  this 
compound,  which  as  yet  has  scarcely  been  examined,  is  formed  by 
the  action  of  carbonic  oxychloride  on  urea : 

CONjH^  +  COCI5  =  CjO^NjH,  -f  aHCL 

(1145)  Cyanubic  Acid,  CjOjNgHj. — ^Thispolymeride  of  cyanic 
acid  may  be  obtained  in  various  ways.  i.  By  heating  biuret, 
CjPjNgHj,  with  carbonic  oxychloride,  COClj,  to  150°  (302°  P.)- 

2.  By  decomposing  cyanuric  chloride  by  prolonged  boiling  with 
water,  or  by  dissolving  it  in  hydrated  alcohol ;  in  the  latter  case 
the  liquid  becomes  hot,  hydrochloric  add  is  formed,  and  ciystals 
of  cyanuric  add  are  slowly  deposited  : 

C,N,C1,  +  3OH,  =  C,0,N,H,  +  3Ha. 

3.  By  the  action  of  a  current  of  dry  chlorine  upon  fused  urea : 
6CON,H,  +  3CI,  =  2C,0,NjH3  +  Nj,  -h  2HCI  +  4NH^C1; 

&e  ammonie  chloride  which  is  formed  may  be  removed  by 
washing  with  cold  water,  and  the  cyanuric  acid  crystallized 
from  boiling  water.  4.  By  decomposing  urea  hydrochloride  by 
heat :  if  the  compound  formed  by  passing  dry  hydrochloric 
acid  gas  over  powdered  urea  be  heated  to  145°  (293^  ^0  ^^  *^ 
oil  bath,  rapid  decomposition  occurs,  and  ammonie  chloride  sub- 
limes ;  pure  cyanuric  add  may  be  obtained  by  crystallizing  the 
residue  from  boiling  water:  3CON2H6Cl=Cs03N8H3+3NH^Cl. 
5.  By  heating  urea  beyond  its  fusing  point  until  it  has  become 
converted  into  a  dry  greyish  mass :  when  this  residue,  which  con- 
sists of  cyanuric  acid,  ammelide  or  melanuric  acid,  and  biuret  is 
dissolved  in  hot  sulphuric  acid,  to  which  a  small  quantity  of  nitric 
add  has  been  added  for  the  purpose  of  removing  the  colour,  it  is 
converted  into  cyanuric  acid,  which  is  deposited  on  diluting  the 
liquid  moderately  with  water.  6.  By  the  destructive  distillation 
of  uric  acid ;  cyanuric  add  being  one  of  the  products  obtained  in 
this  operation.  7.  If  cyamelide  be  heated  with  sulphuric  acid 
until  carbonic  anhydride  begins  to  be  evolved,  and  the  solution, 
as  soon  as  it  is  cool,  diluted  with  water,  crystals  of  anhydrous 
cyanuric  acid  are  deposited  after  some  time. 

Cyanuric  acid  is  deposited  from  its  aqueous  solution  in  colour- 
less rhombic  prisms,  C303NjHj,20H3,  which  are  efflorescent.     It 
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is  sparingly  soluble  in  cold  water,  more  freely  so  in  boiling  water, 
and  is  also  somewhat  soluble  in  boiling  alcohol.  When  crystal- 
lized from  hot  hydrochloric  or  nitric  acid,  it  is  deposited  in  square- 
based  anhydrous  octahedra.  By  long  boiling  with  concentrated 
acids  it  is  decomposed  into  carbonic  anhydride  and  ammonia. 
When  crystallized  cyanuric  acid  is  distilled,  it  is  converted  into 
cyanic  acid,  but  this,  as  already  noticed,  in  a  short  time  begins  to 
undergo  a  spontaneous  change  into  the  white  insoluble  compound 
known  as  cyamelide  (1137). 

Most  of  the  cyanurates  are  crystalline  and  sparingly  soluble 
in  water.  Those  which  are  produced  even  when  the  acid  is  mixed 
with  a  considerable  excess  of  an  alkali  or  alkaline  earth,  have 
only  two  of  the  three  atoms  of  hydrogen  displaced  by  the 
equivalent  quantity  of  the  metal.  Monopotassic  q/anurate, 
C3O3N3H2K,  is  deposited  in  anhydrous  cubes,  when  acetic  acid  is 
added  in  small  quantities  at  a  time  to  a  solution  of  potassic  cyanate ; 
three  molecules  of  cyanic  acid  coalescing  to  form  one  molecule  of 
the  cyanurate : 

3CONK    +    aHCgHgOj  =  CjOjNsHjK  -h  izKCgHgOg. 

Potassio  Aoetioacid.  MonopolasBio  Potassio  acetate, 

emanate.  cjanarate. 

When  a  solution  of  a  salt  of  copper,  after  being  saturated 
with  ammonia,  is  mixed  with  a  solution  of  cyanuric  acid,  a  cha- 
racteristic violet  precipitate  is  formed,  which  is  insoluble  in  cold 
water.  Diargeniic  cyanurate^  CjOjNgHAgg,  and  triargentic 
cyanurate,  CjOgNgAgj,  are  white  crystalline  substances,  insoluble 
in  water,  but  slightly  soluble  in  dilute  nitric  acid. 

(11 46)  Constitution  qf  Cyanic  and  Cyanuric  Acids, —Strictly  speaking 
neither  of  these  compounds  can  be  cx)n8idered  as  carbo-acids,  since  they  cannot 
be  represented  by  for  mala  which  contain  the  COOH  group  (1072).  The  only 
constitational  formula  which  we  are  able  to  assign  to  a  substance  having  the 
composition  CONH  are  as  follows : 

N'"{JJ'^^"orH-N  =  C  =  0;  and  C*^  |  J^'J^      orN-C-O-H. 

It  is  probable  that  ordinary  potassio  cyanate  is  the  potassium  derivative  of  the 
first  of  these,  NH.CO,  which,  as  it  is  the  imide  of  carbonic  acid,  is  appropriately 
termed  carbimide  ;  whilst  potassic  isocyanate  is  derived  from  the  second  com- 
pound, NC.OH,  which  is  the  hydrate  of  cyanogen. 

The  constitution  of  cyanuric  acid  may  be  inferred  from  its  formation  from 
biuret.  Schmit  (Joum.  pr,  Chem.  [2],  v.  46)  found  that  when  this  compound 
is  heated  with  carbonic  oxychloride  carbonyl-dibiuret  is  first  formed : 

=»H  {  S;™.  .  «0^  .  NH  I  SZ-C«SS  }  XH   *   ■"«. 

Biuret.  Carbonyl-dibiuret. 

which,  by  the  further  action  of  the  chbride,  is  then  converted  into  cyanuric  acid : 
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jjg  f  CX)JOI,     NH,.CO  )  „TT  ^  r.nPi      ww  /  CO.NH.CO.NH.CO  \t^.,  tt. ,, 

'^  t  co.nh!oo.nh.co  /  ^^  +  coci.= NH I  cojra.co.NH.co  I  ^  "•  ^°"- 

Cartxmyl-dibiiiKt  Dicarbonyl-dibiont. 

^jj  i  CO.NH.CO.NH.CO  )  „„         ^^^  f  CO.NH  )  ^ 
^^  \  CO.NH.CO.NH.CO  j^^  ^  ^^^  \  CO.NH  /  ^^' 

IMcarbonyl-dibixuret.  Cyanaric  acid. 

From  tills  it  would  appear  that  cyanaric  acid  haa  the  constitution  represented  by 

{CO NH  I 
ro  NR  I  ^^'  ^^  ^^  property  it  possesses  in  common  with  the 

true  acids  of  exchanging  hydrogen  for  a  metal  would  be  due  to  the  presence  of 
the  imidogen  group,  NH.  If  tjiis  be  taken  as  the  constitutional  formula  of  the 
acid  the  reaction  with  phosphoric  pentachloride  (ii35)mnMt  be  supposed  to  take 
place  in  the  manner  indicated  by  the  following  equations : 

»h{?S:SS}cO  +  3PCI.  =  NH{^C|.;^«}cca.  +  3POCI.1 

Cyannrlc  add. 

/-CCl,— NH\  yy^CC[S\ 

NH  CCl,   =  N  Ca  +  3HCL 

\CC1,^NH/  \  CCl  =  N/ 

Cyannrlo  chloride. 

•  (1147)  Ctanilic  acid. — Sometimes  during  the  preparation  of  cyanuric  acid 
by  boiling  crude  mellon  with  nitric  acid,  crystals  of  a  compound  which  Liebig 
terms  cyanilic  acid  are  formed.  It  crystallizes  in  long,  efflorescent  prisms,  and 
has  the  same  composition  as  oyanuric  acid,  but  is  distinguished  from  it  by  its 
greater  solubility. 

(i  148)  Fulminates. — ^When  a  solution  of  argentic  or  mercuric 
nitrate  in  an  excess  of  nitric  acid  is  heated  with  alcohol^  a  decom- 
position attended  with  a  copious  evolution  of  gas  occurs^  and  a 
crystalline  deposit  of  a  metallic  fulminate  is  formed.  The  ful- 
minates are  a  class  of  salts  polymeric  with  the  cyanates^  from 
which  they  are  distinguished  by  the  property  they  possess 
of  detonating  violently  by  percussion. 

(1149)  Arobntic  Fulminate,  CgOgNgAgg. — In  order  to  pre- 
pare this  salt  I  part  of  silver  is  dissolved  at  a  gentle  heat  in  lo 
parts  of  nitric  acid  of  sp.  gr.  1*36,  and  the  solution  poured  into 
20  parts  of  alcohol  of  sp.  gr.  0*840.  On  the  application  of  a  very 
gentle  heat,  an  appearance  of  ebullition  commences,  the  liquid 
becomes  turbid,  and,  on  cooling,  deposits  the  crystallized  fulminate, 
which  may  be  washed  with  cold  water,  and  dried  at  a  very  gentle 
heat.  During  the  preparation  of  the  salt,  oxides  of  nitrogen, 
mixed  with  vapours  of  ethylic  nitrate,  and  of  aldehyde,  as  well 
as  of  acetic  and  formic  acids,  are  liberated,  and  the  solution 
is  found  to  contain  oxalic  acid. 

Argentic  fulminate  may  also  be  obtained  by  passing  nitrous 
anhydride   into    an    alcoholic  solution  of  argentic  nitrat^Q  J||^ 
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this  case  crystals  of  the  fulminate  are  deposited  without  any 
disengagement  of  gas  during  the  reaction  illustrated  by  the  fol- 
lowing equation  : 

0,11,0  +  N,0,  +  2AgN0,  =  C,0,N,Ag,  +  2OH,  +  ^HNO,. 

Aloohol.  Argentic  fblminate. 

Argentic  fulminate  is  sparingly  soluble  in  cold  water^  but 
soluble  in  36  parts  of  boiling  water.  Its  most  remarkable  pro- 
perty is  its  extremely  explosive  nature.  When  quite  dry,  a  blow, 
or  even  very  slight  friction  between  two  hard  bodies,  is  sufBcient 
to  cause  its  decomposition,  attended  with  a  detonation  of  extra- 
ordinary violence.  Even  when  moist,  or  under  water,  pressure 
with  a  hard  body  will  often  produce  a  similar  effect.  In  like 
manner,  an  explosion  is  caused  by  the  addition  of  a  drop  of  sul- 
phuric acid,  the  contact  of  gaseous  chlorine,  or  an  elevation  of 
temperature  somewhat  above  130°  (266^  F.).  It  is  decomposed 
with  effervescence  by  dilute  sulphuric  acid,  oxalic  acid  and  ammonia 
being  formed,  and  hydrocyanic  acid  liberated.  Dilute  hydro- 
chloric acid  also  decomposes  it,  the  silver  being  precipitated  wholly 
in  the  form  of  chloride.  Sulphuretted  hydrogen  converts  the 
salt  into  argentic  sulphide,  and  liberates  cyanic  acid,  which, 
if  the  sulphuretted  hydrogen  be  in  excess,  is  converted  into  sul- 
phocyanic  acid. 

Solutions  of  the  alkaline  chlorides,  even  when  employed  in  excess,  precipitate 
only  one-half  of  the  silver  in  the  form  of  chloride,  producing  double  salts,  such  as 
argentic  potcusio  fulminate,  C,0,NjKAg  (?),  which  is  a  highly  explosive  com- 
pound, crystallizing  in  elongated  briiiiant  leaflets. 

A  hydric  argentic  fulminate,  C,0,NjAgH  (P),  may  be  obtained  in  the  form 
of  a  white  powder  by  the  cautious  addition  of  nitric  acid  to  one  of  these  double 
fulminates.  It  is  soluble  in  boiling  water,  and  crystallizes  on  cooling.  If  boiled 
with  mercuric  oxide  it  dissolves  the  oxide,  forming  a  mercuric  dlargentio  fulmi- 
««te(C.OA).Ag,Hg. 

If  a  solution  of  argentic  fulminate  be  boiled  with  metallic  mercury,  or  copper, 
the  whole  of  the  silver  is  precipitated,  and  a  fulminate  of  mercury  or  of  copper 
18  formed. 

(1150)  Mercuric  Fulminate,  Cfi^^Hg^H^. — The  best 
method  of  preparing  this  salt,  according  to  Liebig,  consists  in 
dissolving  3  parts  of  mercury  in  36  of  nitric  acid,  of  sp.  gr.  1*34, 
without  the  aid  of  heat,  in  a  flask  capable  of  containing  18  times 
the  bulk  of  the  acid.  The  solution  is  then  to  be  poured  into  a 
large  vessel  containing  17  parts  of  alcohol,  of  sp.  gr.  0830,  and 
immediately  retransferred  to  the  flask  which  is  still  full  of 
nitrous  vapours,  and  with  which  it  should  be  agitated  to  efifect 
their  absorption.  In  a  few  minutes  an  efiervescence  commences, 
which  becomes  very  violent  and  is  attended  with^  deposit  of 
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metallic  mercury ;  this,  however,  is  gradually  redissolved.  The 
reaction  must  be  moderated  by  the  gradual  addition  of  17  parts 
more  of  alcohol;  and,  on  cooling,  crystals  of  the  fulminate, 
amounting  to  4*6  parts,  are  deposited.  The  reaction  is  attended 
with  the  formation  of  the  same  products  as  when  silver  is  used. 
Glycolic  acid  is  also  found  in  the  mother  liquor. 

Mercuric  fulminate  forms  white  silky  needles,  which  have  a 
metallic  sweetish  taste.  It  is  sparingly  soluble  in  cold  water, 
but  much  more  soluble  in  boiling  water,  or  in  a  solution  of 
ammonia.  It  may  be  handled  without  much  danger  while 
moist,  but  when  dry  if  it  be  exposed  to  the  electric  spark,  or 
heated  to  about  180°  (35^°  F.),  it  explodes ;  and  if  it  be  struck 
by  a  hard  body,  or  touched  with  concentrated  sulphuric  or  with 
nitric  acid,  detonation  occurs,  but  the  suddenness  of  the  explosion 
is  decidedly  less  than  that  of  argentic  fulminate.  The  priming 
of  the  ordinary  percussion  cap  consists  of  a  mixture  of  i  part  of 
mercuric  fulminate  with  6  parts  of  nitre,  or  of  a  mixture  of  3 
parts  of  the  fulminate,  5  of  potassic  chlorate,  i  of  sulphur,  and  i 
of  ground  glass.  It  is  applied  in  the  form  of  a  dry  powder,  and 
is  made  to  adhere  to  the  cap  by  the  subsequent  application  of  a 
drop  of  shell-lac  varnish. 

When  either  zinc  or  copper  is  boiled  with  mercuric  fulminate 
suspended  in  water,  the  whole  of  the  mercury  is  displaced  by  the 
metal  which  is  employed,  and  fulminate  of  zinc,  or  of  copper,  is 
formed.  No  fulminates  are  known  in  which  both  atoms  of 
hydrogen  are  displaced  by  the  metal  of  an  alkali  or  an  alkaline 
earth.  If  argentic  or  mercuric  fulminate  be  mixed  with  a  solu- 
tion of  potassic  hydrate  in  excess,  only  one  half  of  the  silver  or 
mercury  is  precipitated  in  the  form  of  oxide,  leaving  a  potassic 
ai^ntic,  or  potassic  mercuric  fulminate  in  solution. 

The  constitution  of  the  fulminates  will  be  discussed  when  the 
cyano-derivatives  of  the  hydrocarbon  of  the  CnHj^^j  series,  or 
paraffins,  are  described. 

(iiji)  FuLMiNUEic  AciD;  Isoct/anuvic  Acid,  C,0,N,H,. — Thi«  com- 
pound was  discovered  at  about  the  same  time  by  Liebig  and  by  Schischkoff.  It 
is  isomeric  or  polymeric  with  cyaniiric  acid,  but  contains  only  one  atom  of 
hydrogen  displaoeable  by  a  metal.  The  falmin urates  are  obtained  by  boiling 
one  of  the  fulminates,  such  as  mercuric  fulminate,  with  a  solution  of  a  soluble 
chloride.  When  mercuric  fulminate  is  thus  boiled  with  potassic  chloride,  it  is 
gradually  dissolved,  and  a  yellow  compound  containing  mercury  is  separated ; 
during  the  first  part  of  the  operation  the  liquid  appears  to  be  turbid,  but  as  soon 
as  this  appearance  ceases  it  is  filtered,  and  on  being  evaporated  it  yields  brilliant 
crystals  of  potassic  fulminurate.  The  general  result  of  the  reaction  may  be  thus 
represented : 

2C,0,N,H,  +  OH,  =  C.O.N.H,  +  CO,  +   NH,. 

Folmiiiie  add.  Folminiuio  add.  C^  r\r\cs\o 
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The  folminurates  crystallize  with  great  facih'ty ;  they  possess  a  high  losire,  and 
exert  a  great  dispersive  power  on  light  They  are  decomposed  by  heat  with  a 
feeble  explosion ;  when  submitted  to  electrolysis  they  furnish  carbonic  anhydride, 
cyanogen,  ammonia,  and  a  nitrate. 

It  thus  appears  (supposing  isolated  fulminic  acid  to  be  capable 
of  existing^  and  cyanilic  acid  to  be  a  distinct  compound)  that  not 
less  than  7  compounds  polymeric  with  cyanic  acid  might  be  pro- 
duced— namely : 

.     .     CONH. 


Cyanic  acid 

Dicyanic  acid 

Cyanuric  acid 

Cyamelid   . 

Cyanilic  acid 

Fulminic  acid 

Fulminuric  acid  .     .     CjOjNjHg  ? 


C^O^NgH^  ?. 
C3O3N3H3. 
a^CONH. 
C3O3N3H3  ?. 
CAN2H3  ?. 


CHAPTER  V. 

THE    HYDROCARBONS   AND    THEIR    HALOID^    NITRO^    AND   CTANO 
DERIVATIVES. 

§  I.  Hydrocarbons  of  the  CJI^^^  aeries.  The  Paraffins ; — §  II. 
Hydrocarbons  of  the  C^H^^  series.  The  Olefines ; — §  III.  Hy- 
drocarbons of  the  C^H^_2  s^^  ; — §  IV.  Hydrocarbons  of  the 
C^H^^i  series.  The  Terpenes ;  —  §  V.  Hydrocarbons  of 
the  C^H2^_Q  series;—^  VI.  Hydrocarbons  of  the  C^Hgn-e 
series ; — §  VII.  Hydrocarbons  of  the  CJS^^^q  series ; — §  VIII. 
Hydrocarbons  of  the  ^^^2^-12  series ; — §  IX.  Hydrocarbons  of 
the  0^^21.-14  «^^^* ; — §  X.  Hydrocarbons  of  the  C^H^_^^  series ; 
— §  XI.  Hydrocarbons  of  the  CJI^^^^^  series ; — §  XII.  Hy- 
drocarbons of  the  CJI^_^  series; — §  XIII.  Hydrocarbons  of 
the  C^fl2«-22  series ; — §  XIV.  Hydrocarbons  of  the  C^Hz^^^ 
series ; — §  XV.  Hydrocarbons  of  the  CJ]^^^^  series ; — §  XVI. 
Hydrocarbons  of  the  CJS^^^^  series; — §  XVII.  Hydrocar* 
bons  of  the  CJI^^^^  series. 

§  I.  Hydrocarbons  op  the  CnHj^^g  series.     The  Paraffins. 

(1153)  The  name  paraffin  (parum  affinis)  was  first  applied  to 
a  crystalline  solid  obtained  by  Reichcnbach  in  1830,  from  wood 
tar,  and  since  largely  manufactured  by  the  distillation  of  cannel 
coal  and  bituminous  shales ;  the  liquid  oil  produced  at  the  same 
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time  naturally  took  the  name  of  '  paraffin  oil/  Both  these  sub- 
stances consist  chiefly  of  mixtures  of  hydrocarbons  having  the 
general  formula  CJH.^^^,  and  the  term  paraffin  as  suggested  by 
Watts,  is  now  applied  to  the  entire  series. 

The  members  of  this  large  group  of  hydrocarbons  homologous 
with  methane  or  marsh  gas,  CH^,  are  characterized  by  their 
chemical  indifference,  showing  not  the  slightest  tendency  to  enter 
into  combination,  and  exhibiting  to  the  fullest  extent  the  pro- 
perties of  saturated  molecules.  They  are  scarcely  acted  on  at 
the  ordinary  temperature  even  by  fuming  nitric  acid,  although 
they  are  easily  oxidized  by  long  continued  boiling  with  dilute 
nitric  acid,  yielding  principally  carbonic  anhydride  and  a  mixture 
of  solid  and  volatile  acids  of  the  acetic  and  succinic  series  with 
nitriles;  similar  products,  with  the  exception  of  the  nitriles,  are 
obtained  by  treatment  with  a  mixture  of  dilute  sulphuric  acid 
and  potassic  dichromate.  From  the  experiments  of  Berthelot,  it 
would  seem  that  the  action  of  potassic  permanganate  is  but  feeble, 
since  he  found  that  it  required  two  months^  treatment  with  that 
reagent  to  completely  oxidize  a  few  decigrams  of  the  paraffin 
hexane.  They  are  not  attacked  by  a  dilute  solution  of  hypo- 
chlorous  acid.  The  action  of  chlorine  and  bromine  on  the 
paraffins  gives  rise  to  substitution  products.  They  are  not  dis- 
solved by  concentrated  sulphuric  acid,  neither  do  they  combine 
with  sulphuric  anhydride. 

Hoffmann  has  proposed  that  the  termination  ane  should  be 
employed  to  distmguish  the  members  of  this  series,  a  nomen- 
clature now  generally  adopted.  The  first  four,  methane,  ethane, 
propane,  and  tetrane  are  gaseous  at  the  ordinary  temperature ; 
the  next  higher  homologues  are  colourless  mobile  liquids  whose 
density  and  boiling  point  gradually  increase  as  the  number  of 
carbon  atoms  in  the  molecule  becomes  greater,  whilst  the  highest 
members  are  crystalline  solids. 

(1153)  Methods  op  Formation  of  the  Paraffins. — Although 
^  marsh  gas/  CH^  had  long  been  known,  the  first  member  of  the 
series  which  was  prepared  artificially  was  the  octane,  CgHjg, 
obtained  by  Kolbe  during  the  electrolysis  of  potassic  valerate ; 
subsequently  a  more  general  method  of  obtaining  these  bodies 
was  discovered  by  Frankland,  in  the  decomposition  which  the 
moniodoparaffins  undergo  when  heated  with  zinc  to  a  high  tem- 
perature in  sealed  tubes. 

I.  By  the  action  of  Nascent  Hydrogen  on  Carbon  Compounds. — 
Berthelot,  in  his  remarkable  experiments  on  the  action  of 
hydriodic  acid  on  organic  bodies  has  found  that  all  carbon  com- 

Digitized  by  VjOOQ IC 


128  METHODS    OF   FORMATION    OF   THE    PARAFFINS.  [^^53' 

pounds  if  heated  to  270° — a8o°  (518° — sse""  F.)  with  a  large 
excess  of  a  concentrated  aqueous  solution  of  that  acid  of  density 
2*0  are  converted  into  the  corresponding  saturated  hydrocarbon 
containing  the  same  number  of  carbon  atoms  as  the  original 
compound^  or  into  mixtures  of  the  paraffins  lower  in  the  series. 
Thus  benzene^  C^H^,  is  converted  into  hexane^  ^c^iv  *^^  toluene, 
CyHg,  into  heptane,  C^H^^,  whilst  naphthalene,  C^qHq,  yields  a 
mixture  of  decane,  Ci^Hg^,  hexane,  C^Hj^,  and  octane,  CgHjg. 
Similarly,  the  haloid  derivatives  of  the  hydrocarbons,  the  alcohols, 
aldehydes  and  many  acids  are  said  to  yield  the  corresponding 
paraffins  by  this  method  of  treatment. 

A  very  general  and  advantageous  method  of  preparing  pure 
paraffins  is  to  act  upon  their  monohaloid  derivatives  with  a  mix- 
ture of  zinc  and  hydrochloric  acid ;  the  action  is  often  facilitated 
by  dissolving  the  haloid  derivatives  in  alcohol : 

Zn   +   aHCl  =   H,   +    ZnClg; 

CnH2n+iCl     +      H2     =     CnHj^+j     +      HCl. 

C3H7CI  +       Hg       =       CgHg  +        HCl. 

Chloropropaoe.  Propane. 

A  similar  effect  is  produced  by  heating  the  monohaloid  deri- 
vatives of  the  paraffins  with  zinc  and  water  to  200^  (39^^  F.)  : 

CnH^^+iI   -!-  Zn   +    OH2  =   C„H,^+2  +   ZnlOH. 
C5H11I       +   Zn    +   OH3   =  C5H12        +   ZnlOH. 

lodopentane.  Pentane.  Zlndc  iodohydrale. 

Gladstone  and  Tribe  have  recently  shown  (Joum,  Chem,  Soc,  1873, 
445,  678,  961),  that  this  decomposition  takes  place  at  a  much 
lower  temperature,  in  many  cases  at  the  ordinary  temperature, 
if  the  zinc  be  coated  with  spongy  copper  by  immersing  it  in 
a  dilute  solution  of  cupric  sulphate.  Alcohol  may  also  be 
employed  in  place  of  water. 

2.  FYom  Orffano-metallic  Compounds. — Water  acts  with  ex- 
plosive violence  on  the   zinc  organo-metallic  compounds  giving 

'  rise  to  a  paraffin  : 

Zn(C„Hj^+i)2   +   20Ha   =   2C„H2„+,  +   ZnHA 
Zn{C^U,\         +   20Hj  =   2C3Hg       +  ZuUfi^. 

Zincio  ethide.  Ethane. 

3.  By  the  action  of  Alkaline  Hydrates  on  Adds. — Paraffins 
are  also  produced  when  a  mixture  of  a  sodic  salt  of  an  acid  of 
the  acetic  or  succinic  series  is  heated  with  excess  of  an  alkaline 
hydrate : — 
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CnHj^+i-COONa 

+ 

NaHO  =  C„Hj„+, 

+ 

Na,CO,. 

CHg.COONa 

+ 

NaHO  =  CH^ 

+ 

NajCOj. 

SoUeteetttt. 

UethsM. 

C„Ha.(C00K)3 

+ 

3KH0  =  C.H2„+, 

+ 

zKjCOj. 

C,H^(COOK), 

+ 

aKHO  =  C,Hi^ 

+ 

aKgCOj. 

PoUsric  rabenta. 

Hnaaa. 

Ih  this  reaction^  however,  owing  to  the  high  temperature  required, 
the  product  is  usually  more  or  less  contaminated  with  the 
products  of  secondary  decomposition. 

4-  By  the  Electrolysis  of  Acids. — In  the  electrolysis  of  a 
solution  of  an  alkaline  salt  of  an  acid  of  the  acetic  series,  such 
as  acetic  acid,  hydrogen  and  potassic  hydrate  make  their  appear- 
ance at  the  negative  electrode,  whilst  carbonic  anhydride  and  a 
paraffin  are  found  at  the  positive  electrode ;  thus : 

aC^Hj^+iCOOK  +  aOH,  =  Ha+ 2KHO  +  aCOj  +  C^U^^^  or 
CaHja+j  ^here  m  =  an. 

2CH3COOK  +  2OH,  =  H,  +  2KHO+2CO,+  C,H^. 

Fotenic  aoeUte.  Ethane. 

5.  By  the  action  of  Metals  on  the  Manohahid  Derivatives 
of  the  Paraffins. — ^The  majority  of  the  moniodoparaffins  when 
acted  upon  by  metallic  sodium  yield  a  paraffin  containing  twice 
as  many  carbon  atoms  in  the  molecule  as  the  moniodoparaffin : 

2C„H,„+iI  +  2Na  =   Ca^H^^+a  +  aNal. 

^C^Hgl       +  2Na  =   CgHig      +  2NaI. 

lodoteinae.  Octane. 

If  a  mixture  of  two  moniodoparaffins  be  taken,  the  number  of 
carbon  atoms  in  the  molecule  of  the  product  is  the  sum  of  the 
carbon  atoms  in  the  two  moniodoparaffins  : 

CnHfc,+iI  +  C^Ha^^iI  -h  aNa  =   C„+^Ha„+j„+,  +  aNal. 

C,HJ       +     C.HiiI    +   2Na  =  C7H1,  +  2NaI. 

lodethane.  lodopentane.  Heptane. 

It  is  often  necessary  to  moderate  the  violence  of  the  action  of 
the  sodium  by  the  addition  of  an  indifferent  liquid  such  as 
ether. 

When  the  moniodoparaffins  are  heated  with  zinc,  a  paraffin  is 
obtained  containing  twice  as  many  carbon  atoms  as  there  are 
in  the  molecule  of  the  iodoparaffin,  thus :  Digitized  by  GoOqIc 
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aCHgl  +   Zn  =  CjH,  +   Znljj 

lodomethane.  Ethane. 

but,  excepting  when  iodomethane  (methylie  iodide)  is  employed, 
the  paraffin  and  olefine  containing  the  same  number  of  carbon 
atoms  as  the  iodoparaffin  are  produced.  It  may  be  supposed 
that  these  are  formed  either  by  the  splitting  up  of  the  higher 
paraffin  at  the  moment  of  formation  : 

aC„H2n+iI   +   Zn  =   CJJ^^^   +    Znlj; 

or,  which  is  more  probable,  that  portions  of  the  iodoparaffin  are 
so  acted  upon,  that  the  corresponding  paraffin  and  olefine  are 
immediately  produced  : 

C„H^+iI   +   C„H2,+iI  +  Zn  =  C^U^  +  C^H^^+a  +  Znl^; 

the  hydriodic  acid  withdrawn  from  one  molecule  by  the  action  of 
the  metal  reacting  together  with  the  metal  upon  a  second  mole- 
cule of  the  iodoparaffin  to  produce  the  paraffin  and  zincic  iodide. 
Mercury  in  a  few  instances  behaves  like  zinc. 

6.  By  Destructive  Distillation. — Paraffins  are  also  very  often 
produced  during  the  destructive  distillation  of  organic  substances, 
and  occur  therefore  in  wood  and  coal  tar.  Many  shales,  as 
well  as  boghead  and  cannel  coal,  yield  comparatively  large 
quantities  of  these  hydrocarbons.  They  are  also  produced  by 
the  gradual  decomposition  of  vegetable  matter  beneath  the  earth's 
surface,  giving  rise  to  the  petroleum  which  is  obtained  in  such 
enormous  quantities  from  the  oil  wells  of  Pennsylvania  and  Canada. 

(1154)  Constitution  of  the  Paraffins. — The  paraffins,  CnH^n^.^, 
are  frequently  regarded  as  the  hydrides  of  the  positive  radicles, 
C^Hgn+p  of  the  methyl  series ;  thus  methane,  CH^  would  be 
considered  to  be  methylie  hydride,  CH3.H,  and  ethane,  C^H^, 
ethylic  hydride,  CgHg.H.  This  view  of  their  constitution,  sug- 
gested by  their  mode  of  formation  from  the  zinc  compounds  hj 
the  action  of  water  : 

Zn(C,H.),  +   2OH,  =   2C3H5.H  +  ZnHjOg, 

Zinoio  ethide.  Ethylic  hydride. 

is  apparently  supported  by  the  fact  that  the  action  of  chlorine  on 
methane  and  ethane  gives  rise  to  the  compounds  CH3CI  and  CgH^Cl 
identical  with  the  methylie  and  ethylic  chlorides  obtained  by  the 
action  of  hydrochloric  acid  on  the  corresponding  alcohols.  The  case, 
however,  is  difierent  with  the  next  member  of  the  series,  propane. 
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CjHg,  which  under  similar  circumstances  gives  rise  to  two 
isomeric  compounds  of  the  formula  CgH^Cl,  namely,  a-chloro- 
propaue  or  propylic  chloride,  CHj.CHjj.CHgCl,  and  /3-chloropro- 
pane  or  isopropylic  chloride,  CH(C  £[3)20)1,  so  that  we  should  have 
to  regard  propane  simultaneously  as  propylic  hydride  and  isopro- 
pylic hydride :  this  objection  applies  with  still  greater  force  to 
the  higher  members  of  the  series. 

The  homologues  of  methane  are,  according  to  the  present 
state  of  our  knowledge,  most  conveniently  regarded  as  methane, 
in  which  one  or  more  of  the  hydrogen  atoms  are  replaced  by 
positive  radicles  of  the  form  C^^^^y*  Thus  ethane,  CgHg, 
would  be  represented  as  methylmethane,  CHg.CHj,  or,  regarding 
its  formation  from  methylic  iodide  by  the  action  of  sodium 
or  zinc  : 

2CH3I  +  Zn  =  CgHg  +  Znlj, 

HethjUc  iodide.  Ethane. 

where  the  two  methyl  groups,  CHg,  unite  to  form  the  group 
CjH^,  as  dimethyl.  It  must  be  remarked,  however,  that  the  two 
methyl  groups  have,  on  thus  coalescing,  as  it  were^  lost  their 
individuality,  since  they  are  not  separable  as  are  the  constituent 
atoms  of  the  hydrogen  molecule,  Hg.  Thus,  whereas  the  action 
of  a  molecule  of  chlorine  gives  rise  to  two  molecules  of  hvdric 
chloride  when  it  acts  upon  a  molecule  of  hydrogen:  Hjj-|-Cl2= 
2HCI,  it  does  not  produce  two  molecules  of  methylic  chloride 
when  it  acts  upon  ethane  (dimethyl)  :  (CH3)2+Cl3-=2CH3C1,  but 
a  single  molecule  of  chlorethane  or  ethylic  chloride  :  CH3.CH3  + 
Cl^rrCHj.CHgCl  +  HCL  The  same  may  be  said  of  the  other 
homologues  of  methane. 

The  hypothesis  that  the  homologous  paraffins  are  thus 
derived  from  methane  is  especially  convenient  in  practice  to 
recal  the  methods  of  formation,  and  to  distinguish  between  the 
numerous  isomerides  in  the  higher  terms  of  the  series  :  thus  the 
name  of  ethylmethane,  as  applied  to  the  hydrocarbon  propane, 
CgHg,  is  at  once  suggestive  of  its  formation  by  the  action  of 
sodium  on  an  ethereal  solution  of  methylic  and  ethylic  iodide: 

C.HjI  +   CHjI  +   aNa  =  aNal  +   CH3.C3H5  or  C3Hg. 

Efhylk  iodide.    MetbjUo  iodide.  Ethylmetbane   or    Propuie. 

In  like  manner  the  terms  diethyl,  for  the  normal  tetrane,  and 
trimethylmethane  for  isotetrane,  suggest  not  only  that  one  is  pre- 
pared  from    ethylic   iodide,  and   that    the    other  is   related  to 


*  Tbe  names  given  to  thene  radicles  are  derived  from  those  of  the  corre- 
■pondiDg  paraffins  by  changing  the  terminal  ane  into  yL  C^r^r^nlo 
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trimetliylcarbinol,  but  also  that  the  carbon  atoms  are  not  united 
in  the  same  way,  and  therefore  that  they  are  isomeric. 

(1155)  Isomerism  in  the  Paraffin  Series, — Of  the  first  three 
members  of  the  paraffin  series,  namely,  methane,  CH^  ethane, 
CgHg,  and  propane,  CgHg,  no  isomeric  modifications  exist.  They 
exhibit  the  same  physical  and  chemical  properties  in  whatever  way 
they  may  have  been  prepared,  which  is  in  accordance  with  what 
might  have  been  expected  from  a  consideration  of  their  constitu- 
tional formulae : 

H  HH  H  H  H 

I  II  III 

H-C-H,  methane ;  H-C-C-H,  ethane ;  H-C-C-C-H,  propane. 

I  II  lit 

H  H  H  H  H  H 

The  paraffins,  however,  containing  four  or  more  carbon  atoms 
admit  of  isomeric  modifications,  as  will  be  shown  when  they 
are  considered  individually.  Schorlemmer  has  proposed  to 
divide  these  paraffins  into  four  groups: — i.  Normal  primary  pa- 
raffins in  which  each  carbon  atom  is  associated  directly  with  at 
most  two  other  carbon  atoms  as  in  normal  hexane : 

H    H  H   H    H  H 

C.H,^  =  CH,.CH,.CH,.CH,.CH,.CH^or  H-C-C-C— C-C-C— H. 

^  H    H   H   H    H   H 

a.  Isoparaffins  in  which  one  of  the  carbon  atoms  is  associated 
with  three  others,  or  which  contain  the  group  isopropyl,  CH(CH3)j, 
as  isohewane  : 

H        H       H   H  H 

I         I         I      I  I 

CH(CH.),.CH,.CH,.CH„  or  H— C C C— G— C— H. 

I  I        ,1      I  I 

HH— C— HlH  H  H 
I 
H 

3.  Those  which  contain  the  isopropyl  group  twice,  as  diisopropyl  : 

H        H  H       H 

CH(CH,),.CH(CHJ,,  or  H-C C C C-H. 

II  II 

H  H— C— H  H-C— H  H 

I  I 

H  H 

4.  Those  in  which  one  of  the  carbon  atoms  \9  associated  with  four 
others,  as  in  ethyl- trimethyl-methane  0(02X15) (CH3)g.  The  ac- 
companying table  (pp.  134,  135)  represents  all  the  paraffins  with 
whose  properties  we  are  acquainted  arranged  in  four  groups 
according  to  the  method  just  described. 

It  will  be  seen  that  the  boiling  points  of  the  normal   paraf- 
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fios  are  higher  than  those  of  their  isomerideSj  and  that  the 
boiling  points  of  the  latter  become  lower,  the  more  complex  their 
structure ;  the  hydrocarbon  in  group  iv.  boiling  lower  than  the 
corresponding  hydrocarbon  in  group  til,  and  this  again  lower  than 
Uiat  in  II.,  whilst  the  normal  paraffin  has  the  highest  boiling  point. 
In  group  I.  the  increase  of  boiling  point  for  each  diflFerence  of  CHj 
diminishes  progressively,  but  appears  to  become  constant  when  it  is 
about  19°  {66°"2  F.).  In  group  ii.  the  increase  of  boiling  point 
for  each  difference  of  CHg  is  about  31°  (55°'8  F.),  and  in  group  111. 
it  is  about  25°  {45°  F.),  but  these  numbers  must  be  regarded 
merely  as  rough  approximations  liable  to  alteration  as  our  know- 
ledge of  these  compounds  in  the  pure  state  becomes  increased. 
It  will  also  be  noticed  that  the  specific  gravity  in  the  liquid  state 
of  the  isomeric  hydrocarbons  varies  in  the  same  direction  as  the 
boiling  point ;  the  paraffin  of  higher  boiling  point  having  in  most 
(probably  in  all)  cases  a  higher  specific  gravity  than  that  of  the 
isomeric  compound  of  lower  boiling  point. 

(1156)  Methane;  Methylic  hydride;  Formene ;  Marsh 
ga9 ;  Liffhi  carburetted  hydrogen  or  mb-carburetted  hydrogen : 
CH^=i6. — This  gas,  the  lowest  member  of  the  paraffin  series,  has 
never  been  obtained  by  the  direct  union  of  its  elements.  Accord- 
iDg  to  Berthelot,  however,  it  is  formed  in  small  quantities  when 
a  mixture  of  carbonic  bisulphide  vapour  with  hydric  sulphide  or 
with  steam  is  passed  over  red  hot  copper  turnings  :  CSj,4-  aSHg-h 
2Cu,=CH^-|-4CuS. 

Methane  is  one  of  the  usual  products  of  the  destructive  dis- 
tillation of  organic  substances,  such  as  wood,  peat,  and  bituminous 
coal,  and  is  consequently  one  of  the  principal  constituents  of 
coal-gas;  it  also  occurs  abundantly  in  many  coal  mines,  bursting 
forth  unexpectedly  firom  the  seams  of  coal,  and  blowing  out  from 
the  fissure  for  many  months  together,  as  though  escaping  from 
under  high  pressure.  These  natural  discharges  of  the  gas  the 
miners  term  "blowers/'  According  to  the  experiments  of 
Graham,  the  gas  from  the  Newcastle  coalfield  is  free  from  admix- 
ture  with  olefiant  gas,  hydrogen,  carbonic  oxide,  and  carbonic 
anhydride.  It  is  also  found  issuing  from  the  earth  in  many 
parts  of  Italy,  Persia,  China,  and  America.  The  holy  fires  of 
Baku  on  the  Caspian  Sea,  which  have  been  burning  from  time 
unmemorial,  are  of  this  nature. 

Preparation, — Pure  methane  can  only  be  obtained  by  the 
decomposition  of  zincic  methide  by  water:  Zn(CHg)jj-|-20H2=» 
aCH^-f  ZnOjHj.  When  a  large  quantity  is  required  it  may  be  pre- 
pared by  the  process  recommended  by  Persoz  :  io|  parts  ^^WWqIp 
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Table  of  Homoloffous 


II. 


Name. 


Formula. 


Boiling 
point. 


Bpeoiflo 
gravity. 


Name. 


Formula. 


Boiling 
point. 


Specifie 
graTity. 


Methane  . 
Ethane     • 

Propane   . 


Tetrane    . 
(Diethyl) 


Pentane   . 


Hexanft     .    < 
(Dipropyl) 


Heptane  . 


Octane .    . 
(Dibutyl) 


Nonane 


Deeane 


Endecane. 


Dodecane .    . 
(Dihexyl) 

Trideoane .  . 
Tetradeoane  . 
Peatadecane . 


Hexdecane 
(Dioctyl) 


CH4 
CgHe  = 

CHg  = 
C4H10  = 
CgHuB 
C«Hi*  =! 


CH, 

CH, 
CH, 

CHt 

CH, 
CH, 

=  (iH,). 

CH, 
CH, 

.(CH,), 

CH, 
CH, 

:  (IjH,)* 

CH, 
CH, 


CyHxa  =  (CH,), 

CH, 
CH, 

(CH,)e 

CH, 


38° 


»'" 


99° 


CbH, 


CH, 
CbH»  =  (CH,)7 
CH, 


CioHm  = 


CiiHjM 


CuH«,s 
Ci«H,4=! 


CH, 

(!cH,)s 

CH, 
CH, 

(in,), 

CH, 
CH, 

(CH,)io 
CH, 


CH, 

(cWu 

CH, 


1480 


166-1680. 


180-184*' 


2i6-ai8° 
336-240° 
358-a6a° 

378° 


*6oo  at  o' 


•6a8  at  if 


'669  at  16° 


•699  at  is° 


•703  at  17" 


738  at  if'i 


739ati3«-5 


•765  at  16° 


•774  at  17° 

'793  at  3o° 
•835  at  16° 


solid 
melts  at  31* 


Trlmethylmetbane . 
(Methylisopropyl) 


Ethyldlmethyl- 

methane  .    . 
(Ethylisopropyl) 


Propyldiraethyl- 

methane  .    . 

(Ethylisobatyl) 

Trlethylmethane 

Tetryldimethyl- 

mcthane   .    . 

(Ethylifloamyl) 


CH(CH,), 


CH(CH,), 
C,H, 


CH(CH,), 

(!,H, 

CH(C,H,), 

CH(CH,), 

C4H9 


-IS** 

96° 
91** 


•636  at  if     J 

•701  at  o** , 

•689  at  37* 
•683  at  18*4 
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and  Isomeric  Paraffins. 


III. 


IV. 


Formula. 


Boiling 
point. 


Spedflo 
gravity. 


Name. 


Formula. 


Boiling 
point. 


Specitlc 
gravity. 


DBioprapjl 


D&obatyl  . 


boMyttMMinjl 


IXutmmfl 


CHCCHj), 
CH((iH,), 


CH(CH^, 

(CH^. 
CH(CH,)g 
CH(CH«), 
(CH.), 

<!h(ch,), 

CH(CH«)a 

(CH,)4 

CH(CH,), 


58° 


132" 


1S80 


•670  at  17* 


■698  at  i6< 


'734  at  o** 


■737  at  14* 


Tetram  ethyls 
methane  . 


Ethyltrimethyl- 


Diethyldlmethyl- 
methane  .    . 


C(CHs)« 

C(C,H.)(CHa), 
C(C,HJ,(CHJ, 


9*5 
86'-87® 


•696  at  21° 
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hydrate  and  i  oj  of  anhydrous  sodic  acetate  are  very  intimately 
mixed,  and  heated  over  a  charcoal  fire,  or  gas  stove,  in  a  Florence 
flask,  coated  with  a  luting  of  fire-clay  made  into  a  paste  with  a 
solution  of  borax.  The  flask  is  fitted  with  a  cork  and  bent  tube, 
and  the  gas  is  passed  first  through  a  solution  of  sodic  hydrate 
and  afterwards  through  concentrated  sulphuric  acid :  it  may  be 
collected  over  water  in  the  usual  way  : 

aCHg-COgNa  +  BaOgH,  =  aCH^  +  BaCOj  +  NajCOj. 

Sodio  aoetate.  Bario  Methane.  Bario  Sodie 

hydrate.  carbonate^  carbonate. 

A  mixture  of  2  parts  of  potassic  hydrate  and  3  of  quicklime  may 
be  substituted  for  baric  hydrate.  The  most  convenient  method, 
however,  is  to  heat  a  mixture  of  i  part  of  sodic  acetate  either  with 
3  of  soda-lime  or,  as  recommended  by  Schorlemmer,  with  a  or  3 
parts  of  a  mixtm*e  of  equal  weights  of  anhydrous  sodic  carbonate 
and  dry  slaked  lime,  in  a  copper  flask  provided  with  a  delivery 
tube. 

The  gas  is  also  easily  procured  (mingled  with  nitrogen  and 
carbonic  anhydride),  as  a  result  of  the  decomposition  of  vege- 
table matter  contained  in  the  mud  of  stagnant  pools ;  hence  its 
name  of  marsh  gas.  In  order  to  collect  the  gas  from  this 
source  a  bottle  may  be  filled  with  water,  inverted  in  the  pool, 
and  having  fastened  a  funnel  in  the  neck  of  the  bottle,  the  mud 
beneath  is  stirred  with  a  stick ;  the  gas  then  rises  into  the  bottle 
in  bubbles. 

Properties — Methane  is  a  colourless,  inodorous,  and  taste- 
less gas,  scarcely  soluble  in  water,  but  soluble  in  alcohol  to  a 
small  extent :  not  injurious  to  life  if  diluted  with  air.  It  does 
not  support  combustion,  but  is  itself  inflammable,  and  burns 
with  a  yellow  luminous  flame.  By  passing  through  it  a  continued 
succession  of  electric  sparks,  or  by  sending  it  through  tubes 
heated  to  whiteness,  it  is  decomposed :  its  carbon  is  deposited, 
and  a  volume  of  hydrogen,  double  that  of  the  gas  employed,  is 
set  at  liberty. 

Methane  requires  twice  its  volume  of  oxygen  for  complete 
combustion.  Six  volumes  of  the  mixed  gases  after  detonation 
are  condensed  into  2  volumes ;  they  yield  a  volumes  of  carbonic 
anhydride,  and  4  volumes  of  steam  which  are  condensed.  Now 
carbonic  anhydride  contains  its  own  bulk  of  oxygen ;  it  therefore 
represents  2  of  the  4  volumes  of  oxygen  which  have  disappeared, 
whilst  the  rest  of  the  oxygen  has  united  with  4  volumes  of 
hydrogen  and  formed  water.  Two  volumes  of  methane  must 
consequently  contain  4  volumes  of  hydrogen,  or  4   parts    by 
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weight,  united  with  la  parts  of  carbon,  and  its  composition  may 
be  thus  represented : 


BT««)ghi 

BttoI. 

Carbon 

••• 

c    = 

la  or  75 

...       P 

Hydrogen     ... 

••• 

H.    = 

4        25 

...     4 

Methane       CH^   =      t6      ioo  2 

Although  chlorine  has  no  action  on  methane  in  the  dark,  the 
mixture  of  the  two  gases  explodes  when  exposed  to  the  direct 
rays  of  the  sun.  In  diffused  daylight  chlorine  substitution  com- 
pounds are  formed,  the  principal  product  being  monochlorome- 
thane  or  methylic  chloride :  with  excess  of  chlorine  it  is  ultimately 
converted  into  tetrachloromethane  or  carbonic  tetrachloride,  CCl^, 
but  if  moisture  be  present,  hydrochloric  acid  and  carbonic  anhy- 
dride are  also  formed : 

CH^   +  4Clj  +  2llfi  =  CO,  +    8HC1. 

(1157)  Ethane,  Ethylic  hydride  or  Dimethyl:  C^Hg  or 
CH3.CHj=3o. — ^This  compound  is  a  tasteless  and  odourless  gas 
which  has  not  as  yet  been  liquefied.  It  is  almost  insoluble  in 
water,  but  alcohol  takes  up  more  than  its  own  bulk  of  the  gas. 
A  good  method  of  preparing  it  consists  in  heating  a  mixture 
of  equal  parts  of  water  and  iodethane  or  ethylic  iodide,  C3H5I, 

of  about 


vith 

metallic  zinc,  in  a 

sealed  tube 

to  a 

temperature 

165° 

(329°  F.) : 

C,H,I 

+  Zn 

+ 

OHj  = 

C,H, 

,  +  ZnlOH 

Iodethane.  Ethane. 

on  breaking  off  the  capillary  extremity  of  the  tube  under  water, 
the  gas  rapidly  escapes,  and  may  be  collected  in  the  usual  way 
(Frankland).  According  to  Gladstone  and  Tribe,  the  same 
action  takes  place  with  moderate  rapidity  even  at  the  ordinary 
temperature  when  iodethane  is  added  to  the  moist  so-called 
'  zinc-copper  couple,^  which  is  prepared  by  immersing  zinc  foil  in 
a  dilute  solution  of  cupric  sulphate. 

Ethane  is  obtained  in  a  state  of  great  purity  by  the  action  of 
water  on  zindc  ethide  : 

Zlnde  ethide.  Ethane. 

or  by  heating  methylic  iodide  with  zinc  or  finely  divided  silver 
to  150^  (30ii°  P.)  : 

ijCHgl  +  ijAg  =  CgH^  +  i^Agl; 

Xethjlic  iodide.  Ethane.  ^  y 
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It  may  also  be  prepared  by  the  electrolysis  of  a  concentrated 
solution  of  potassic  acetate  : 

2CH3.COOK  +   OHg  =  CjH^   +   CO2   +  KgCO^  +   Hg. 

The  gas  which  is  given  off  at  the  positive  pole  is  a  mixture  of 
ethane  and  carbonic  anhydride  from  which  the  latter  may  be 
removed  by  an  alkaline  hydrate. 

The  action  of  chlorine  on  ethane  in  diffused  daylight  gives 
rise,  in  the  first  place,  to  monochlorethane  or  ethylic  chloride, 
and  afterwards  to  higher  chlorinated  products. 

(i  158)  Pbopanb,  Fropylic  hydride,  or  Methyl-ethyl :  Cfi^  or  CH,.CH,.CH, 
=  44. — This  compound  occurs  amongHt  the  gases  evolved  from  the  petroleum 
springs  in  Pennsylvania,  and  also  dissolved  in  the  crude  petroleum.  It  may  be 
prepared  from  propylic  or  isopropylic  iodide  by  the  action  of  hydriodic  acid,  or 
of  zinc  and  hydrochloric  acid : 

C,H,I   +    HI   =   C.H.   +   I^ 
lodopropane.  Propaoe. 

Propane  is  a  gas  which,  at  a  low  temperature,  may  be  condensed  to  a  colourless 
liquid.  Alcohol  dissolves  about  six  times  its  volume  of  the  gas.  The  action 
of  chlonne  on  propane  gives  rise  to  two  isomeric  monochlorinated  substitution 
compounds,  namely  a-chloropropane  or  prapylic  chloride,  CH,.CHj.CHjCl,  and 
13-chloropropane  or  isopropylic  chloride,  CH,.CHCLCHj,  besides  higher 
chlorinated  products. 

(1159)  Tetbane  or  BuTAi?E  :  C^Hjj,  =  58.  —  Two  isomeric  compounds 
having  the  formula  C^H^^,  are  capable  of  existing ;  both  of  these  have  been 
prepared  and  examined. 

Normal  fetrane,  butane,  hutylic  hydride,  or  diethyl :  CH,.CHj.CHj.CH,,  is 
found  in  crude  petroleum.  It  may  be  prepared  by  heating  a  mixture  of  granu* 
lated  zinc  and  etbylic  iodide  for  two  hours  to  a  temperature  of  150°  (302°  P.) 
in  a  strong  sealed  tube  from  which  the  air  has  been  exhausted ;  the  sides  of  the 
tube  become  coated  with  a  white  crystalline  substance,  consisting  of  zincio 
iodoethide,  which  is  mixed  with  a  colourless  mobile  liquid,  equal  in  bulk  to  about 
half  that  of  the  ethylic  iodide  employed.  This  liquid  is  a  mixture  of  tetrane 
with  ethane  and  ethylene,  the  two  latter  the  result  of  a  secondary  decom- 
position (p.  130).  On  opening  the  tube  when  cold,  the  liquid  rapidly  disappears 
and  escapes  in  the  gaseous  form.  The  last  portions,  which  consist  of  tetrane, 
may  be  condensed  to  a  colourless  liquid  by  means  of  a  refrigerating  mixture 
of  ice  and  salt.  Butane,  mixed  with  ethane  and  ethylene,  is  also  formed  when 
ethylic  iodide  is  exposed  over  mercury  to  the  sun's  rays,  mercuric  iodide  being 
produced  at  the  same  time. 

At  the  ordinary  temperature  butane  is  a  colourless  gas  of  sp.  gr.  2*046  and 
possessing  an  ethereal  odour.  It  burns  with  a  highly  luminous  flame.  The 
boiling  point  of  the  liquid  is  about  i''  (33°'8  F.)  Butane  is  insoluble  in  water, 
but  freely  soluble  in  alcohol,  which  dissolves  about  18  times  its  bulk  of  the  gas 
at  14°  (S7°*2  P.),  giving  it  off  again,  however,  when  diluted  with  water. 

Isobutane,  pseudobutylic  hydride,  or  trimethylmethane :  CHj.CH(CHj)j, 
or  CH(CH  ),,  is  obtained  by  the  action  of  zinc  and  water  at  a  high  temperature 
on  tertiary  butylic  iodide  : 

CH,.C(CH,)J   +    Zn    +    OH,  =    CH.CHCCH,),   +    ZnlOH. 

Some  isobutene,  C^H^,  is  also  produced  at  the  same  time,  but  this  may  be 
removed  by  passing  the  mixed  gases  through  bromine  which  only  absorbs  the 
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isobutehe.     Isobataoe  is  a  gaseous  body  v^hich  at  —  17°  (i**'4  F.)  may  be  con- 
densed to  a  colourless  liquid. 

(1160)  Pentane:  C,H^  =  72.— -The  three  compounds  C,H„  theoretically 
capable  of  existing  are  known. 

Normal  pentane,  amylic  hydride,  or  hutyUmethyl  :  CH,.CH,.CHj.CH,.CH3, 
or  CH,(C^^)2,  is  found  in  paraffin  oil  from  canuel  and  boghead  coal,  and  in 
large  quantities  in  the  lower  boiling  portions  of  American  petroleum.  It  is  a 
mobile  colourless  liquid  boiling  between  37°  and  39°  (98'*-6  and  102°' 2  F.) 

Isopentane,  isoamylic  hydride,  or  isobutyl-methyl :  CH,.CH(CH^.CH^CHj, 
also  occurs  in  petroleum  and  may  be  prepared  by  the  following  methods  from 
the  isoamylic  compounds  obtained  from  ordinary  fermentation  amylic  alcohol. 

1.  By  the  action  of  zinc  and  water  on  the  isoamylic  iodide: 

C.HjJ   +    Zn   +   OH,   =    2C,H„  +    ZnlOH. 
iBoamjIio  iodide.  Isopentane. 

2.  By  the  action  of  water  on  zinc  isoamyl : 

Zn(C,H,,),   +    2OH,   =    2C.H^   +    ZnH.O.. 
Zine  ifloomyl.  laopenUae. 

3.  Together  with  amylene  by  heating  zinc  with  isoamylic  iodide : 

2C.H„I   +  Zn   =   C.H..   +   C.H„   +   Znl^ 

Isoamylic  iodide.  iBopentane.     Amjlene. 

4.  It  is  also  formed  together  with  amylene  and  its  polymerides  when  isoamylic 
alcohol  is  distilled  with  zincic  chloride. 

The  amylene  formed  in  the  aboTe  reactions  may  be  removed  from  the  mixture 
by  means  of  fuming  sulphuric  acid,  which  dissolves  the  amylene  and  leaves  the 
pentane. 

Isopentane  is  a  liquid  of  sp.  gr.  0*626  at  17^  (62^*6  F.)  which  boils  at 
30°  {86°  F.)  and  does  not  solidify  at  -  24"*  (-  ii**-2  F.).  It  burns  with  a 
brilliant  white  flame,  without  smoke. 

TetramethyUmethane :  CHj.CCCH,),,  or  C(CH^^,  is  a  colourless  mobile 
liquid  boiling  at  9°'5  (49°'!  F.)i  produced  by  the  action  of  zincic  methide  on 
tertiary  butylic  iodide : 

CH,.C(CH,),I    +     Zn(CH,),   =    CH,.C(CHJ,       +       ZnlCH,; 
BatyUc  iodide.  Zindo  methide.       Tetrtmethylmethone.        ^ndc  iodomethide. 

and  by  the  action  of  zincic  methide  on  ydichloropropane  (methylchloracetol) : 
CH,.CC1,.CH,  +   Zn(CH),  =   C(CH,),   +   ZnCl,. 
y-Dichloropropone.  Tetnumethjlmethaoet. 

It  solidifies  to  a  crystalline  mass  at  —  20°  ( —  4°  F). 

Frankland  considers  it  probable  that  the  Evpion  which  Reichenbach  obtained 
during  the  rectification  of  the  products  from  wood  tar  and  from  rape  oil,  is  a 
pentane. 

(1161)  Hezake:  C,Hi^=86. — Four  of  the  five  hexanes  theoretically 
possible  have  been  prepared  and  examined. 

Normal  hexane,  Dipropyl,  or  amyl-methyl :  CH,.CH,  CH,.CH,.CH  .CH,, 
is  a  liquid  of  density  0*6630  at  17°  (62*'-6  F.)  which  boiJs  at  7i°-5  (160  7  F.) 
It  is  formed  from  the  secondary  hexjlic  iodide  obtained  from  mannite,  by  heating 
it  with  zinc  and  water,  or  by  the  action  of  zinc  and  dilute  hydrochloric  acid.  It 
may  also  be  obtained  by  decomposing  an  ethereal  solution  of  normal  propylic 
iodide  with  sodium  at  150°  (302°  F.) : 

2CH,.CH,.CH,I  +  2Na  =  CH,.CH,.CH,.CH^.CH,.CH,   +    2NaI; 
Propjlic  iodide.  Htoane.  ^^  , 
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or  by  exposing  the  iodide  to  the  sun's  rays  in  contact  with  mercury.  It  !b 
found  also  in  paraffin  oil  and  in  petroleum. 

a'l8oh€xane,ethyl-isobuiyl,  or  isoamyl-methyl :  CHj.CH(CHj).CHj.CHj^CH5, 
•^On  digesting  a  mixture  of  40  parts  of  isobutylic  iodide,  34  of  ethylic  iodide, 
and  1 1  of  sodium,  in  a  flask  connected  with  a  vertical  condenser,  so  arranged  that 
the  volatilized  products  shall  return  constantly  into  the  flask,  a  liquid  is  obt^ned 
which  by  fractional  distillation  yields  a-isohexane  boiling  at  62°  (i43°*6  F.). 
It  is  a  mobile  colourless  liquid  of  density  0*701  at  0°  (32°  F,). 

P'Isohexane  :  CH,.CH,.CH(CH,).CH,.CH,  has  not  yet  been  prepared. 

Diisopropyl,  or  tetramethyl-etkane .*  GH,.CH(CHg).CH(CH,).CH,isaliquid 
of  sp.  gr.  0*6769  at  10°  (50°  F.)  obtained  by  the  action  of  sodium  on  au 
ethereal  solution  of  isoprqpylic  iodide : 

2CH^CH(CHJI   +  Na,   =   CH,.CH(CH,).CH(CHJ.CH,   +    2NaI. 

Isopropylic  iodide.  Diisopropjrl. 

This  yUohexane  boils  at  58°  (i36**-4  F.). 
b-Isohexane,  or  trimethyl-etkyl-methane :  CH,.CH,.C(CH3)3  or  C(Cj,H,)(CH3),, 
is  formed  by  the  action  of  zindc  ethide  on  tertiary  butylio  iodide  : 

C(CH  ),I   +   Zn(C.H^.  =   C,H..C(CH.),   +   ZnIC  H.. 

Butylio  Zincio  Trimethyl-etbjl-  Zincio 

iodide.  ethide.  methane.  iodoethide. 

It  boils  between  43 **  iEind  48°  (109® '4  and  ii8°*4  F.). 

(1162)  Heptane:  GyH„=  100. — Of  the  numerous  possible  hydrocarbons  of 
the  formula  C^Hj^  only  three  are  at  present  known. 

Normal  Heptane:  CH,.CH,.CH,.CHyCH,.CH^CHg,  is/ound  in  paraffin  oil 
and  in  Pennsylvanian  petroleum ;  it  is  also  formed  on  distilling  azelaic  acid, 
CyHj^(C00H)2,  with  excess  of  baric  oxide. 

It  is  a  liquid  boiling  at  99**  (210°- 2  F.). 

Ethyl-Uoamyl  or  dimethyl-butyl'tneihane :  CH,.CH,.CH,.CH,.CH(CH,),, 
a-Isoheptane, — This  is  prepared  by  a  method  similar  to  that  alraady  described  for 
a-isohexane  by  digesting  a  mixture  of  60  parts  of  ethylic  iodide  and  70  of 
isoamylic  iodide  with  1 4  of  sodium : 

CH,.CH,I+CH(CHJ,.CH,.CH,I  +  2Na  =  CH,.CH,.CH,.CH,.CH(CH.),+ 2NaI. 

Ethylic  iodide.  iBOomylic  iodide.  a-Isoheptane. 

By  fractional  distillation  a  liquid  is  obtained  which  boils  at  91^  (i95°'^  F-)* 
and  has  a  density  of  0*7069  at  o®. 

DimethyUdiethyUmethane:  CH,.CH,.C(CH,),.CH,.CH,,  or  C(CH3),(C,HJ,, 
is  produced  by  the  action  of  zincic  ethide  on  ydichloropropane  (methylchloracetol) : 

CH3.CC1,.CH,   +    2Zn(C,H,),   =   CH,.C(C,H.),.CH,   +    2ZnClC,H,. 

y-Diohloropropaiie.         Zindo  ethide.  Diethyl*dimethyl-m6thaae.     Zinoio  ohlorethide. 

It  is  a  colourless  liquid  boiling  at  about  86°  (i  86^*8  F.).  The  heptane  boiling 
at  about  90°  (194°  F.),  which  accompanies  normal  heptane  in  petroleum,  is 
perhaps  dimethyl-diethyl-methane  (Schorlemmer,  Gkem.  Soc,  Joum.  1873,  319.) 
TriethyUmethane :  CH,.CH,.CH(CH^.CH,).CH,.CH,  or  CH<C,H,),,  is 
a  colourless  liquid  of  density  0689  at  27°  (8o°*6  F.),  prepared  by  treating 
ethylic  orthoformate  with  zincic  ethide  and  sodium  (Ladenburg) : 

2CH(0C,H,),  +  3Zn(C,H,),  +  6Na  =  2CH(C,H^.  +  6NaOC,H,  +  3Zn. 

Etbylic  orthoformate.       Zincio  ethide.  Triethyl-methane.      Sodic  ethylste. 

It  boils  at  96°  (204^-8  F.). 

(1 163)  Other  Paraffins,  Bibutyl:  CH3.CH,.CH,.CH,.CH,.CH,.CH,.CH,. 
'—This,  the  normal  octane,  occors  in  petroleum  and  paraffin  oil,  and  may  be  pre- 
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pved  in  the  usual  way  from  normal  octylic  iodide,  or  by  the  action  of  Bodiam  on 
normal  butylio  iodide,  CHj.CHj.CHj.CHjI.  It  is  alvo  obtained  from  methyl- 
bexyl-carbinol,  and  by  diatilliug  potassic  sebate  with  excess  of  potassic  hydrate : 
K:,C„H,.0,+  2KH0  =  C,H„  +  2KjCO,.  it  has  a  density  of  0-7032  at  17" 
(62'-6  P.),  and  boils  at  123**— 125°  (253*'-4^257°  F.).  Its  isomeride, 
dmohutyl:  CH,.CH(CH3).CH,.CH,.  CHCCHJ.CH,,  is  a  colourless  liquid  of 
Bp.  gr.  0*7057,  which  boils  at  109°  (228°-2  F.).  It  is  obtained  by  the  action 
of  sodium  on  primary  isobutylic  iodide,  CHj.CH(CHJ.CHjI. 

A  7%onane,  C^H^^,  which  is  probably  the  normal  primary  paraffin,  has  been 
isolated  by  Thorpe  and  Toung  from  the  mixture  of  hydrocarbons  obtained  on 
decomposing  solid  paraffin  by  heat  (11 64);  it  boils  at  147° — 148°  (296^*6 — 
298"-4  F.),  and  has  the  sp.  gr.  7279  at  if'^  (56°-5  F.) 

The  nonane  boiling  at  136® — 138''  (2  76°'8 — 28o*-4  F.),  which,  according 
to  Pelouze  and  Cahours,  occurs  in  petroleum,  is  undoubtedly  an  isoparaffin.  It 
has  a  sp.  gr.  of  0741  at  15°  (59®  F.).  Two  other  nonanes  are  known, 
namely,  isobutyUisoamyl :  CH,.CH(CH,).CHj.CH,.CHj.CH(CH,).CH,,  formed 
by  the  action  of  sodium  on  the  mixed  isobutvlic  and  isoamylic  iodides,  and 
iiobutylft-isoamyl :  CH,.CH(CH,)  CHj.CH(CH,).CH(CHJ.CH,,  produced  in 
small  quantity  by  treating  isopropylic  iodide  with  sodium  amalgam  (Silva.  Deut, 
ekem.  Gres.  Ber.  1872, 984).  They  are  both  colourless  liquids,  the  first  boiling 
at  132**  (269'*-6  P.),  the  second  at  about  130**  (266*  F.). 

Normal  decane,  Q^^'S,^,  boiling  at  i66°— 168"*  (3 30°'8— 334^-4  F.)  has 
been  obtained  by  Thorpe  and  Young  from  the  mixture  of  hydrocarbons  from 
paraffin  already  referred  to. 

The  decane  boiling  at  158°— 162**  (3i6**-4— 323°-6  F.),  found  by  Pelouze 
and  Cahours  in  petroleum,  and  another  compound  boiling  at  155° — 162^  (311^ 
— 323°*6  F.),  which  is  formed  by  the  action  of  fuming  hydriodio  acid  on  turpen- 
tine  at  275°  (527°  F.),  are  perhaps  isomeric  paraffins.  Diamyl  or  diisoamyl  : 
CH,.CH(CHJ.CH,.CHj.CH^CH  .CH(CH3).CH,,  is  a  colourless  oil  of  density 
0*770,  which  boils  at  158^  (316  4  F.).  It  is  prepared  in  the  usual  way  by  the 
action  of  sodium  on  isoamylic  iodide.  It  possesses  an  ethereal  odour  and  burning 
taste,  and  when  gently  heated  with  concentrated  nitric  acid  it  is  violently 
attacked,  yielding,  besides  succinic  acid,  a  liquid  which  contains  various  volatile 
adds  of  the  acetic  series. 

The  compounds  from  Cj,Hj,  to  Cj^H^  have  been  obtained  from  petroleum, 
but  have,  as  yet,  been  but  little  examined.  Normal  dodecanCy  C^^H,^,  boiling 
at  202°  (395**'6  F.),  is  formed  by  the  action  of  sodium  on  normal  hexylic  iodide, 
and  also  during  the  electrolysis  of  potassic  oenanthate,  C^H^^.COOK.  Palmitajie, 
the  normal  heccadecane,  C^^H,^,  or  CHj.(CHj)j^.CHj,  has  been  prepared  from 
normal  octylic  iodide.  It  crystallizes  in  white  glistening  scales,  and  melts  at 
21°  (69°-8  F.).     It  boils  at  278°  (S32**-4  F.). 

(1164)  Paraffin. — ^The  higher  members  of  the  paraffin  series, 
containiDg  more  than  16  atoms  of  carbon,  are  solid  at  the 
ordinary  temperature,  and  constitute  commercial  ^^  paraffin/'  now 
80  largely  used  in  the  manufacture  of  candles ;  it  is  not  im- 
probable, however,  that  members  of  the  olefine  series  are  some- 
times present  in  this  mi&ture. 

The  following  account  of  the  production  of  paraffin  on  the 
large  scale  is  from  a  lecture  (Dec.  187a)  by  Mr.  F.  Field,  F.R.S : 
— ^'^  Although  discovered  by  Reichenbach  in  1830,  who  extracted 
it  from  the  tar  obtained  by  the  dry  distillation  of  beeqh  wood. 
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paraffin  long  remained  a  chemical  curiosity.  It  was  subsequently 
obtained  from  vegetable  oil^  from  animal  substances^  from  pit 
coal,  and  from  shale,  but  always  in  small  quantities ;  and  it  was 
not  until  the  year  1 847  that  it  really  became  an  article  of  com- 
merce. In  that  year  the  attention  of  Mr.  James  Young  was 
directed  by  Dr.  Lyon  Playfair  to  a  dark  liquid  oozing  from 
cracks  in  the  roof  of  a  coal  mine  near  Alfreton,  in  Derbyshire, 
and  on  distilling  this  oil  the  distillate  was  observed  to  contain 
bright  crystalline  specks,  which  proved  to  be  paraffin.  The 
manufacture  of  illuminating  oil,  and  of  paraffin  from  this  source, 
was  carried  on  by  Mr.  Young  until  the  supply  was  exhausted. 
He  was  thus  induced  to  enter  upon  a  series  of  experiments  which 
resulted  in  the  discovery  that  paraffin  was  obtainable  by  dis- 
tillation of  all  bituminous  coals,  and  in  1850  he  secured  his 
celebrated  patent  for  the  manufacture  of  paraffin.  The  material 
he  employed  was  known  as  Torbane-hill  mineral,  a  highly  bitu- 
minous shale,  which  gave  on  distillation  about  120  gallons  of  oil  \ 
per  ton ;  this  has  recently  become  exhausted  and  now  shales, 
yielding  from  15  to  35  gallons  of  oil  per  ton,  according  to  quality, 
are  made  use  of.  An  idiea  of  the  importance  to  which  the  ' 
manufacture  has  attained  will  be  formed  when  it  is  stated  that 
in  Scotland  alone  there  are  now  68  oil  works,  which  together 
consume  about  78^1,000  ions  of  shale  annually,  and  product 
about  21,840,000  gallons  of  crude  oil,  which  yields  in  round 
numbers  about  10,000,000  gallons  of  burning  oil,  5000  tons 
of  paraffin,  and  as  by-product  about  600  tons  of  sulphate  of 
ammonia. 

"The  shale  is  heated  to  low  redness,  usually  in  large  iron 
retorts ;  a  considerable  quantity  of  inflammable  gas  is  given  off, 
and  more  or  less  water  passes  over  together  with  the  oil.  The 
crude  oil  thus  obtained  is  separated  from  the  water,  and  sub- 
mitted to  distillation  in  iron  retorts.  The  first  portion  which 
passes  over  is  technically  known  as  spirit  or  naphtha ;  the  next 
portion  collected,  of  higher  boiling  point,  is  the  crude  burning 
oil ;  this  is  followed  by  an  oil  of  a  still  higher  boiling  point, 
used  for  lubricating  machinery ;  and  finally  the  solid  or  nearly 
solid  paraffin  distils  over,  whilst  a  carbonaceous  residue  remains 
in  the  retort.  The  naphtha  and  burning  oil  are  purified  by 
successive  treatment  with  strong  sulphuric  acid  and  soda  solution 
and  subsequent  distillation,  and  are  then  obtained  as  colourless, 
strongly  refracting,  mobile  liquids. 

"  A  variety  of  processes  are  employed  to    remove    the   oil 
which  still  adheres  to  the  crude  paraffin^  and  to  rendi^  it  colour- 
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less.  In  some  works  it  is  pressed  in  powerful  presses-^at  first 
in  the  cold  and  afterwards  at  a  gentle  heat^  then  mixed  with 
naphtha  and  repressed^  this  operation  being  repeated  several 
times ;  finally^  it  is  dissolved  in  naphtha^  and  the  solution  filtered 
through  animal  charcoal ;  on  distilling  off  the  spirit  the  paraffin 
is  obtained  in  the  form  of  a  white  mass.  By  another  process, 
invented  by  Mr.  Sterry,  the  separation  of  the  oil  from  the 
paraffin  is  effected  by  centrifugal  force.  By  a  process  recently 
invented  by  Mr.  Fordred,  the  purification  is  accomplished  entirely 
without  the  use  of  naphtha,  and  the  manufacture  thus  rendered 
less  dangerous.  The  crude  paraffin  is  first  kneaded  in  bags  by 
machinery  in  a  warm  alkaline  liquid  ;  it  is  then  submitted  to  the 
action  first  of  sulphuric  acid  and  then  of  soda  solution,  and 
finally  it  is  heated  to  110°  (230°  F.),  and  a  quantity  of  fullers' 
earth  added,  and  well  starred  up  with  the  molten  paraffin ;  this 
absorbs  all  the  colouring  matter,  and  renders  the  paraffin  as 
white  as  snow.'' ' 

Messrs.  F.  Field  and  A.  Smith  have  since  introduced  artifi- 
cially prepared  magnesic  silicate,  as  a  substitute  for  fullers'  earth. 

The  mixture  of  hydrocarbons  thus  obtained  is  colourless  and 
beautifully  translucent,  melting  at  temperatures  varying  from  40° 
to  60°  (104°  to  140°  F.),  according  to  the  source  from  which  it 
was  derived.  It  is  insoluble  in  water,  but  soluble  in  boiling 
alcohol  to  the  extent  of  about  3*5  per  cent,  of  its  weight,  sepa- 
rating out  in  great  part  on  cooling  in  crystalline  plates.  It 
is  readily  soluble  in  ether,  benzene,  oil  of  turpentine,  and 
carbonic  bisulphide,  but  its  solubility  decreases  very  rapidly  with 
the  rise  in  melting  point.  Cold  olive  oil  dissolves  it  sparingly, 
but  freely  when  heated  with  it.  Paraffin  is  an  excellent  insulator 
of  electricity.  It  does  not  dissolve  camphor,  naphthalene,  or 
pitch,  when  fused  with  them,  but  may  readily  be  mixed  with 
stearin,  spermaceti,  bees'  wax,  and  common  resin.  It  burns  with 
a  bright  smokeless  flame,  candles  made  of  it  being  as  good  as 
those  of  the  finest  wax. 

The  paraffin  isolated  bj  Reichenbach  from  wood-tar  and 
particularly  from  beech-tar  comes  over  during  the  last  stages  of 
the  distillation  when  the  crude  tar  is  rectified.  At  ordinary 
temperatures  beech-wood  paraffin  is  a  hard  crystalline  white  sub- 
stance, without  either  taste  or  odour,  of  sp.  gr.  0*87,  somewhat 
brittle,  and  resembling  spermaceti  both  to  the  touch  and  in  ap- 
pearance. It  fuses  at  43°*8  C.  (iio°7  F.)  to  a  colourless  oily 
liquid,  which  remains  transparent  after  solidification,  and  at  a 
higher  heat  may  be  distilled  unchanged.  r^^^r^T^ 
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ParaflSn  is  not  altered  by  alkalies,  neither  is  it  appreciably 
acted  upon  even  by  the  strongest  sulphuric  acid,  unless  at  very 
high  temperatures.  Sealed  up  in  tubes  with  hydrochloric  acid 
gas,  and  heated  to  temperatures  varying  from  50° — 100° 
(122° — 212*^  F.)  it  undergoes  no  change  of  melting  point,  and 
absorbs  none  of  the  gas.  An  aqueous  solution  of  hydrochloric 
acid  is  also  without  effect.  When  heated  or  exposed  to  sunlight 
in  contact  with  bromine  and  water  it  becomes  soft  at  the  same 
time  that  the  bromine  disappears;  however,  all  the  bromine 
which  enters  into  the  paraffin  does  so  by  replacing  hydrogen, 
none  combining  directly  (Gill  and  Meusel).  Chlorine  acts 
similarly.  Paraffin  is  not  affected  by  hypochlorous  acid.  Ac- 
cording to  Gill  and  Meusel  {Chem,  Soc.  Joum.,  1868,  466), 
when  paraffin  melting  at  about  60°  (140*'  F.)  is  boiled  with  a 
mixture  of  potassic  dichromate.and  sulphuric  acid,  it  is  gradually 
oxidi2sed  :  a  number  of  acids  of  the  acetic  series  are  produced,  and 
amongst  others  cerotic  acid,  Cj^^Hg^O,.  DQute  *nitric  acid  gives  a 
similar  result,  but  acids  of  the  succinic  series,  such  as  succinic 
and  anchoic  acid,  are  also  formed.  The  production  of  cerotic 
acid  from  paraffin  by  oxidation  is  of  considerable  importance,  as 
it  indicates  the  presence  in  that  substance  of  a  hydrocarbon  con- 
taining at  least  27  atoms  of  carbon. 

By  heating  paraffin  for  sixty  hours  at  90°  (194°  P.)  with  a 
mixture  of  strong  nitric  and  sulphuric  acid.  Champion  {Compt, 
rend.,  Ixxiv.  1575)  obtained  a  yellow  oil  to  which  he  gives  the 
formula  Cg^HgjNgOjQ. 

According  to  recent  experiments  of  Pouchet  {Compt.  rend., 
lxxix.320)  paraffin,  when  oxidized  by  gently  heating  it  with  fuming 
nitric  acid,  yields,  besides  lower  acids  of  the  acetic  series  and  their 
nitration  products,  a  new  acid  which  he  terms  paraffinic  acid  : 
Cg^H^gOg.  It  crystallizes  from  alcohol  and  ether  in  grains,  or  on 
slow  evaporation,  in  glistening  plates,  melting  at  45*^ — 47° ;  it  is  a 
very  unstable  body,  being  easily  altered  by  oxidizing  agents,  and 
does  not  appear  to  exhibit  the  properties  which  characterize  the 
higher  acids  of  the  acetic  series,  although  by  composition  it  is  a 
member  of  that  series.  Pouchet  did  not  observe  the  formation 
of  cerotic  acid. 

Thorpe  and  Young  [Roy.  Soc.  Proc,  1873,  184)  have  shown 
that  when  paraffin  is  exposed  to  a  high  temperature  in  a  closed 
vessel  it  is  almost  completely  resolved,  with  the  evolution  of  but 
little  gas,  into  hydrocarbons  which  remain  liquid  at  the  ordinary 
temperature.  This  transformation  may  easily  be  effected  on  the 
smdl  scale.     A  few  grains  of  ordinary  paraffin   are,<«ealed  up  in 
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a  piece  of  strong  combustion- tubing  bent  in  the  form  of  the 
letter  V;  the  tube  is.  securely  surrounded  by  stout  wire  gauze^ 
and  the  limb  containing  the  paraffin  is  gently  heated  along  its 
entire  length  in  a  gas  combustion  furnace.  If  the  heat  is  pro- 
perly regulated,  the  paraffin  distils  over  rapidly  and  solidifies  in 
the  cold  portion  of  the  tube.  The  gas  flames  are  then  turned 
down,  the  tube  reversed,  and  the  paraffin  again  distilled.  After 
a  very  few  repetitions  of  this  process,  the  paraffin  acquires  the 
consistence  of  butter,  and  the  warmth  of  the  hand  is  sufficient  to 
liquefy  it,  whilst  after  about  a  dozen  distillations  it  remains  per- 
manently liquid. 

The  mixture  of  hydrocarbons  thus  obtained,  commences  to 
boil  at  about  18^  (64°'4  P.),  but  the  greater  portion  boils  between 
200**  and  300°  (392° — 572*^  F.).  Thus  3^  kilograms  of  solid 
paraffin  melting  at  46°  (ii4°'S  F-)  g^^^  about  4  litres  of  liquid 
hydrocarbons,  of  which  on  distillation,  0*3  litres  passed  over  below 
100°  (2ia°  F.),  I  litre  between  100°  and  200°  (2 12°  and  392°  F.), 
and  27  litres  at  200° — 300°  (392° — ^572°  F.) ;  a  considerable 
quantity  of  solid  substance  (unaltered  paraffin)  remaining  in  the 
retort. 

The  paraffin,  by  this  means,  is  split  up  into  a  mixture  of  lower 
paraffins  and  hydrocarbons  of  the  C^^H^n  ^^  olefine  series.  Thus 
from  the  firaction  below  100^,  Thorpe  and  Young  isolated  the  fol- 
lowing bodies  : 


Paraffins:  CoH^+a* 
Pentane      .     .  C,H„ 
Hexane.     •     .  C^H^^ 
Heptane    .     .  C^H^, 

OleflneetCnHm- 
Pentylene  .     .  C^H^, 
Hexylene   .     .  C.H^, 
Heptylene  •     .  C.H^^ 

The  fraction  100° — 2co°  (212®— 

-392''  F.)  yielded  : 

PlursfBni:  GnHgn+s. 

Hexane      .     .  C.Hi^ 
HepUne     .     .  C,H,, 
Octane  .     .     .  C.H^, 
Nonane      .     .  C.H,, 
Decane .     .     .  C„H„ 
Undecane  .     .  C^^H^ 

Olefinet:  CnHjin. 

Hexylene   .     .  C.H,, 
Heptylene  .     .  C,Hj, 
Octylene    .     .  C.H^. 
Nonylene  .     .  C,H„ 
Decylene    .     .  C,^H„ 
Undecylene     .  C^jH^ 

The  fraction  200° — 300°  (392  — 572°  F.)  wad  proved  to  be  a  mix- 
ture of  still  higher  paraffins  and  olefines. 

The  portions  of  lower  boiling-point  appear  to  be  mixtures  of 
paraffins  and  olefines  in  equal  proportions,  that  is  to  say  they  con- 
tain equal  numbers  of  molecules  of  corresponding  paraffins  and 
olefines,  but  the  proportion  of  paraffin  to  olefine  in  the  several 
mixtures  was  observed  to  become  gradually  larger  as  the  molecular 
weight  increased.  The  paraffins  obtained  belong  to  the  seiles 
of  so-called  ^  normal  paraffins.' 
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(1165)  Bitumen^  Asphalt,  and  Petrolevm. — Deposits  of  these  sabstances 
are  found  in  yarioas  localities,  a8,  for  exainple,  at  Trinidad,  at  Zante,  and  in 
some  parts  of  the  north  of  Italy,  and  also  on  the  borders  of  the  Caspian  Sea, 
where  petroleum  occurs  in  beds  of  marl  above  coal  measures.  Petroleum  is 
likewise  abundant  at  Rangoon,  and  in  several  other  localities  of  the  kingdom  of 
Burmah,  where  the  naphtha  is  obtained  from  a  pale  blue  clay,  soaked  with  oil, 
which  rests  upon  roofing  slate,  beneath  which  is  coal  containing  much  pyrites. 
The  petroleum  {petri  oleum,  rock  oil)  from  the  last-named  locality  has  been 
made  the  subject  of  examination  by  De  la  Rue  and  Hugo  Mailer  {Proe.  Boy. 
Soe.,  viii.  221).  It  is  obtained  by  sinking  wells  about  60  feet  deep,  in  which 
the  liquid  is  collected  as  it  oozes  from  the  soil.  At  common  temperatures  it 
has  the  consistence  of  goose  fat ;  it  is  lighter  than  water,  and  has  usually  a 
greenish-brown  colour ;  it  has  also  a  slight,  peculiar,  but  not  unpleasant  odour* 
It  is  composed  almost  entirely  of  volatile  constituents,  about  11  per  cent,  of 
which  come  off  below  100^  (212^  F.).  The  fixed  residue  does  not  amount  to 
more  than  4  per  cent,  if  it  be  distilled  in  a  current  of  superheated  steam.  About 
10  or  II  per  cent,  of  the  volatile  matters  confiist  of  a  body  which  is  solid 
at  ordinary  temperatures,  but  fusible  at  65''  (149°  F.)  (paraffin).  When  the 
liquid  portion  is  agitated  with  sulphuric  acid,  some  of  its  constituents  enter  into 
combination  with  the  acid,  but  the  greater  part  remains  unaltered  by  this  agent. 
In  the  portion  which  combines  with  the  acid,  benzene,  toluene,  xylene,  and 
cnmene  have  been  identified,  and  there  are  also  several  basic  substances  which  have 
not,  as  yet,  been  completely  examined.  The  liquid  from  which  the  hydrocarbons 
of  the  benzene  series  have  been  removed  by  the  action  of  sulphuric  acid,  after 
being  rectified,  constitutes  rock  oil,  or  mineral  naphtha  ;  this  liquid  requires 
nbont  eight  times  its  bulk  of  alcohol  for  solution,  but  is  soluble  in  all  propor- 
tions in  ether  and  in  the  volatile  oils.  Hot  naphtha  dissolves  phosphorus  and 
sulphur,  but  deposits  the  greater  portion  of  these  bodies  on  cooling.  It  also 
dissolves  caoutchouc,  camphor,  and  fatty  and  resinous  bodies  generally.  Warren 
and  Storer  (Memoirs  of  the  American  Academy,  1866,  ix.  208)  have  isolated 
from  it  a  number  of  hydrocarbons  which  they  regarded  as  members  of  the  olefino 
series,  viz. : 

B.  P.  (Cent.)  Sp.Gr. 

Decylene  or  Rutylene  .     .     .  about  175°     ...     '823  at  o**     .,.     C,^H^ 
Endecylene  or  Margarylene   .      „     195"     ...     '839  at  o®     ...     C„H^ 

Bodecylene „     215*     ...     -854  at  o*     ...     C^^H,^ 

Tridecylene „     235*     ...     -844  at  o*     ...     C„H^ 

Judging,  however,  from  the  boiling-points  and  specific  gravities  of  these  com* 
pounds,  it  is  more  probable  that  they  are  paraffins  contaminated  with  hydro- 
carbons of  the  CqH^.^,  or  benzene  series.  They  also  found  small  quantities 
of  naphthalene  among  the  constituents  of  Rangoon  petroleum.  Pelonze  and 
Cahours  {Ann,  Chim.  Phy$,  [4],  i.  5)  have  published  an  account  of  their  re- 
searches on  American  petroleum,  and  it  has  since  been  carefully  investigated  by 
Schorlemmer.  The  oil-wells  of  Pennsylvania  are  worked  by  boring  into  the  oil- 
bearing  strata  to  a  depth  of  from  50  to  500  feet,  and  a  mixture  of  oil  and  water 
is  raised  to  the  surface,  usually  by  pumping ;  sometimes  the  oil  overflows  from 
the  boring.  There  is  one  of  these  welk  which  yields  more  than  7000  gallons 
of  petroleum  a  day. 

Four  products  are  furnished  for  sale  from  these  oils:  ist.  A  naphtha,  used 
extensively  as  a  solvent  instead  of  oil  of  turpentine ;  2nd.  A  heavier  and  less 
Tolatile  oil,  suitable  for  illuminating  purposes  ;  3rd.  A  lubricating  oil,  used  for 
machinery ;  and  4th.  A  still  heavier  oil,  used  for  adulterating  vegetable  oils. 
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These  oils  are  farnished  by  the  limestone  rocks  of  the  Silurian  and  Devonian 
&rmations. 

The  bulk  of  these  oils  consists  of  a  mixture  of  various  members  of  the  paraffin 
series,  including  thirteen  different  compounds. — Tetrane,  C^H^^,  being  the  lowest 
term  of  the  series,  and  hexadecane  or  palmitane,  C^^H^,  the  highest  as  jet  isolated ; 
the  most  abundant  of  these  compounds  is  hexane,  C^H^^,  and  the  next  in  amount 
heptane,  CyH^,. 

In  Canada  also  vast  quantities  of  petroleum  have  been  obtuned,  many  of  the 
oil-wells  yielding  600  gallons  of  oil  per  day.  According  to  Sterry  Hunt  this 
oil  comes  from  the  carboniferous  limestone  which  crops  out  at  Port  Erie,  and 
crosses  the  country  to  Lake  Huron,  being  in  parts  overlaid  by  a  thick  bed  of 
shale  of  the  Hamilton  group. 

Asphalt  is  the  term  given  to  solid  bitumen.  The  bitumens  differ  in  the 
facility  with  which  they  are  attacked  by  solvents.  Generally  they  contain  but 
little  of  any  matter  soluble  in  alcohol,  but  most  of  them  aro  dissolved  in  great 
part  by  ether,  and  by  oil  of  turpentine.  When  distilled  they  yield  substances 
which  resemble  the  paraffin  oils  in  properties  and  consistence. 

Haloid  Derivatives  of  the  Paraffing, 

(1166)  The  action  of  chlorine  converts  the  paraffins  into 
chlorinated  derivatives^  one  or  more  atoms  of  hydrogen  being 
displaced  by  an  equivalent  quantity  of  the  halogen.  Bromine  in 
most  cases  attacks  them  in  a  similar^  although  less  energetic 
manner,  whilst  iodine  appears  to  have  no  action. 

In  the  preparation  of  the  monochlorinated  paraffins^  higher 
substituted  derivatives  are  always  formed  at  the  same  time,  even 
when  the  proportions  of  chlorine  and  hydrocarbon  employed 
are  exactly  those  required  by  the  equation : 

CnHj^+B  +  CI,  =  C^H^^iCl  +  Ha. 

Thus,  when  a  mixture  of  equal  volumes  of  chlorine  and  methane 
is  exposed  to  diffused  daylight,  besides  monochloromethane,  CH3CI, 
more  or  less  dichloromethane,  CHJCl^,  trichloromethane,  CHG^, 
and  tetrachloromethane,  CCl^  are  always  formed,  according  to 
the  conditions  of  the  experiment,  whilst  a  certain  quantity  of  the 
methane  remains  imattacked.  Schorlemmer,  however,  has  pointed 
out  that  in  the  case  of  the  liquid  paraffins,  the  formation  of  higher 
substituted  derivatives  may  be  almost  entirely  avoided  by  acting 
on  the  vapour  of  the  boiling  hydrocarbon  (Ann.  Chem.  Pharm,, 
cbd.  263).  The  monochlorinated  paraffin,  being  less  volatile  than 
the  hydrocarbon  itself,  becomes  in  great  part  condensed  at  the 
moment  of  formation^  and  is  thus  removed  from  the  sphere  of 
action. 

{1167)  The  pure  mono-haloid  derivatives  of  the  paraffins  are 
most  conveniently  prepared  from  the  corresponding  monohydric 
ilcohols  of  the  0^1120+ i-OH  or  ethylic  series,  by  the  action  of 
the  haloid  phosphorus  compounds,  or  haloid  acids ;  thus :    ^  1 
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3C„H^^,.0H 

+ 

PCI, 

=  3C„H^+iCI 

+ 

PO,H». 

3C,H,.0H 

+ 

PC13 

=  3C.H,C1 

+ 

PO,H,. 

Bntyllo  alcohol. 

Chlorotetrone  or 
butyllc  ohlorido. 

C„H^^,.0H 

+ 

HBf 

=   C„Hjja+iBr 

+ 

OH,. 

C,H^.0H 

+ 

HBr 

=  C,H,Br 

+ 

OH,. 

FropjUe  aloobol. 

propjlic  bromide. 

C„H,„^i.OH 

+ 

HI 

=    C.H,.^,I 

+ 

OH,. 

C,H„.OH 

+ 

HI 

=     C,H„I 

+ 

OH,. 

HexjlicalootaoL 

lodohexrae  or 
hexfUoiodida. 

Mono-haloid  derivatives  of  the  paraffins  are  ako  prodaced  by 
the  combination  of  the  haloid  acids  with  the  olefines  or  hydro- 
carbons of  the  C^Han  series  : 

CJl^  +   HBr  =  C„H3„^iBr. 
CsH^     +  HBr  =  CjH^Br. 

Propylene.  Bromopropane. 

Pure  di-derivatives  of  the  paraffins  are  obtained  by  combining 
the  olefines  with  the  halogens : 

C^Hj^  +  Br,  =  C^H^Brg. 

The  compounds  thus  produced  are  in  some  cases  identical 
with  those  obtained  by  the  action  of  the  halogens  on  the  isologous 
paraffins  yielding  the  olefines  employed^  and  in  others  merely 
isomeric :  thus  the  dichlorethane,  C^H^CIg,  formed  by  the  action 
of  chlorine  on  ethane,  is  isomeric  with  the  body  produced  by  the 
combination  of  chlorine  with  ethylene,  CjjH^ ;  whilst  the  dichloro- 
propane,  CgH^Cl,,  prepared  from  propane,  is  identical  with  the 
compound  obtained  by  the  direct  union  of  chlorine  with  pro- 
pylene, CgHg. 

The  formation  of  the  higher  chlorinated  derivatives  of  the 
paraffins  is  much  facilitated  by  allowing  the  action  to  take  place 
in  sunlight,  or  in  presence  of  iodine  or  antimonic  pentachloride : 
excepting  those  derived  from  methane  and  ethane,  however,  they 
have  been  but  little  studied,  so  that  we  are  not  at  present  aware 
to  what  extent  it  is  possible  to  displace  hydrogen  by  chlorine  in 
the  more  complex  paraffins. 

The  majority  of  the  haloid  derivatives  are  colourless  liquids, 
insoluble  in  water ;  a  few  are  crystalline  solids :  they  all  possess 
more  or  less  characteristic  odours. 
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According  to  Schorlemmer's  observations  {Ann.  Chem.  Pharm., 
clxi.  26^)  the  normal  primary  parafBns^  with  the  exception  of 
methane  and  ethane^  yield  two  isomeric  monochloro-derivatives 
when  acted  upon  by  chlorine^  one  of  which  is  convertible  into 
a  normal  primary^  the  other  into  a  normal  secondary  alcohol  of 
the  CnHjn+i.OH  or  ethylic  series.  We  know  but  little  of  the 
behaviour  of  the  hydrocarbons  isomeric  with  the  normal  primary 
paraffins  when  treated  with  chlorine^  although  there  is  reason  to 
suppose  that  many  of  them  are  acted  on  in  a  manner  similar  to 
the  latter :  thus  Schorlemmer  and  Grimshaw  have  shown  (Jour, 
Chem.  Soc,  1873,  3^^)  ^^^^  ethyl-isoamyl,  a  compound  isomeric 
with  normal  heptane^  ^7^w  Ji^^ds  two  isomeric  monochloro- 
derivatives  under  these  circumstances. 

Our  knowledge  of  the  physical  properties  of  the  mono-haloid 
derivatives  of  the  paraffins^  such  as  their  boiling-points^  and  sp.  grs. 
in  the  liquid  state^  is  extremely  imperfect,  for  excepting  in  the 
case  of  those  prepared  from  the  lower  terms  of  the  primary 
alcohols  of  the  ethylic  series,  the  comparison  has  been  made  with 
very  small  quantities  of  material,  the  purity  of  which,  moreover, 
had  often  not  been  satisfactorily  established.  In  the  following 
table  (p.  150)  the  boiling-points  (Centigrade)  and  specific  gravities 
of  the  better-known  mono-haloid  paraffin  derivatives  are  given, 
those  classed  as  a-compouuds  being  either  derived  from,  or  con- 
vertible into,  normal  primary  alcohols  of  the  CnHjn+i-OH  or 
ethylic  series ;  whilst  those  classed  as  /3-compounds  are  correspond- 
ingly related  to  the  normal  isoprimary  alcohols  of  that  series. 

From  an  inspection  of  this  table  it  is  evident  that  the  rela- 
tions between  the  homologous  and  isomeric  mono-haloid  deriva- 
tives of  the  paraffins  are  of  the  same  nature  as  those  which  exist 
amongst  the  paraffins  themselves.  It  will  be  observed  that  the 
difference  in  boiling-point  between  every  two  successive  homo- 
logies diminishes  as  the  series  is  ascended,  also  that  the  primary 
or  a-derivative  has  a  higher  boiling-point,  and  in  most  (probably  in 
all)  instances  a  higher  specific  gravity  than  the  isomeric  /3-deriva- 
tive ;  in  all  cases,  moreover,  where  a  greater  number  of  isomeric 
monohaloid .  derivatives  are  known,  a  similar  relation  obtains. 
It  is  a  noteworthy  circumstance,  and  one  which  clearly  illustrates 
the  correlation  undoubtedly  existing  between  the  physical  and 
chemical  properties  of  compounds,  that  as  the  boiling-point  and 
specific  gravity  of  the  successive  terms  in  the  isomeric  series 
diminish,  the  compounds  become  less  stable ;  for  example,  the 
members  of  lowest  boiling-point  are  split  up  with  comparative 
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ease  (in  some  eases  even  by  simply  heating  to  a  moderate  degree) 
into  the  olefine  and  haloid  acid^  thus : 


C„H^«I     = 

C.H« 

+ 

HI; 

C,H„I       = 

^sHio 

+ 

HI; 

^.an7lene  and  hjdriodio  aeI4. 

Fentenaor 

whilst  those  of  highest  boiling-point  are  far  less  readily  decom- 
posed. Moreover^  the  haloid  derivatives  of  high  boiling-point 
enter  i^to  double  decomposition  less  readily  than  their  isome- 
rides  of  lower  boiliDg-point»  a  higher  temperature^  or  more  pro- 
longed contact  between  the  substances  being  reqnired  to  effect 
the  chemical  change. 


Formida. 

•pCompoands* 

Obserrer. 

Obaerrer. 

B.P. 

Spedfip  Oravitj. 

B.P. 

Speoifio  Gravity. 

CH,C1.    . 

CH.C1     . 
CgH^.    { 

C,H,C1.  { 
CfcHuCl.  . 

CHjBr.    . 

C,HsBr    . 

CHrBp 

CABr    I 
C.H„Br   . 

CH,I    .    . 

C,H  J  .    . 
C,H,I  .  { 
CAI  .  { 

C.HuI     . 

0 

—  S3 

18*l8 

46-40 
4650 

78*30 
117-35 

'3 

70*83 
70*50 
73*00 
99-88 

lOI'OO 

139*46 

43-8 
7»'34 

I03'l8 

103*50 

X39-83 

130*40 
15616 

•017  at  9» 
•895  at  19' 
•915  at  0^-891  at  i9«-75 

•897  at  i4«» 
*9o7  at  0*  *887  at  3o° 
*9oi  at  0*'  '883  at  ao'^ 

1*468  at  i3'-5 

1*357  »t  16^ 

^     1*353  at  i6« 

1*349  •to"            ^     „ 

1*399  at  30* 

1*305  at  0^  1*379  at  30^ 

x-346ato'i*333at3o<» 

a*3ato<* 

1*944  at  1^*5 
1*747  »*  i£ 
1-734  at  i6*» 
i*5teati3> 
i*643ato*i6i3at3o* 
1*543  at  o*»  1*517  at  30** 

Lfamemaim.' 
Pierre- 

Lifiben4 
»» 

UnoeinaDn. 

Linnemann. 
Lieben. 

w 

Piem, 

Chapman. 
Ueben. 

0 

«*5 

690 

103 

9a'33 

9050 

131 '00 

130*6X 
1 3350 

146— X47 

•879«tiJ» 
•805  at  0* 
*895ato«» 

1*303  at  i6<» 
1-349  at  o* 

1*3x7  at  16* 

x*6o8ati9*'*5 
i*«54ato<» 

i*5ix  at  XI** 

Piem. 

w 

Pierre. 
Chapman. 

linnemaiui. 

Pierre. 
Fraokland. 

*  Linnemann,  Ann.  Chem.  Pkarm.,  dx.  195  ;  clxi.  15,  175;  clzii.  16. 

t  Pierre  and  Puchot,  Ann,  Chem,  Fharm.,  dxiii.  253. 

X  Lieben  and  Rossi,  Ann,  Chem.  Fharm.,  clviiL  137 ;  Jour,  pr,  Chem. 
[2],  iii.  455- 

§  Chapman  and  Smith,  Jour.  Chem,  8oe,,  xxii.  193,  198. 

The  boiling-points  given  by  Linnemann  are  corrected  for  the  portion  of  the 
column  of  mercury  in  tlie  thermometer  which  was  not  exposed  to  the  vapour  of 
the  boiling  liquid,  and  aro  all  referred  to  the  same  pressure  (760  mm.  of  mercury 
at  0°).  Lieben  and  Rossi's  original  numbers  are  also  corrected  (or  the  unex- 
posed mercury  column  in  the  thermometer,  and  the  pressure  at  which  the 
experiment  was  made  is  given ;  in  order,  therefore,  to  render  their  observations 
comparable  with  Linnemann's,  they  have  been  reduced  by  his  formula  to  th^ 
aame  pressure  of  760  mm.  of  mercury  at  o^. — £i>s. 
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(1168)  Haloid  derivatives  of  Methane, — The  following  com- 
plete series  of  haloid  derivatives  of  methane  has  been  obtained  : 


MonoohloromeUiane  or  methylie  chloride  .     . 

CH,C1 

CH,Br 

CH,I 

Didiloiomethaiie  or  metbylenie  chloride  .     . 

CH.cn, 

CH.Br. 

CH,I, 

TrijhloromethaiM  or  chloroform      .... 

CHCl, 

CHBr, 

CHI. 

TetTMhloromethane  or  carbonic  tetrachloride . 

CCI, 

CBr, 

CI. 

(1169)  MoNocHLOROMETHANE,  or  methylic  chloride':  CH,C1 
=50-5,  is  formed  along  with  other  products  when  a  mixture  of 
equal  volumes  of  methane  and  chlorine  is  exposed  to  diffused 
daylight ;  but  it  ia  most  conveniently  prepared  in  a  pure  state  by 
passing  a  current  of  hydrochloric  acid  into  a  boiling  solution  of 
zincic  chloride  in  twice  its  weight  of  methylic  alcohol^  CHg.OH^ 
or  wood-spirit,  when  it  is  given  off  as  a  colourless  gas  (Groves^ 
Jour,  Chem,  Soc,  xxvii  641).  When  passed  into  water  cooled 
below  6°  (4:j°'8  F.),  methylic  chloride  forms  a  crystalline  hydrate 
(Baeyer). 

(1170)  'DicmojsLOM.^Tiik}ii&,  or  methylenic  chloride  :  CH<jClg=s 
85,  is  formed  together  with  tri-  and  tetrachloromethane  "by 
acting  upon  monochloromethane  with  chlorine  in  bright  sunshine ; 
it  may  be  separated  by  fractional  distillation  (Ferkin,  Jour. 
Chem.  80C.,  xiii.  1869,  260).  Ferkin  has  also  obtained  it  from 
trichloromethane  or  chloroform,  CHCI3,  by  the  action  of  nascent 
hydrogen;  it  is,  however,  most  advantageously  prepared  by 
treating  diiodomethane,  CH^Ij,  with  chlorine  (B utlerow,  Zei/*. 
Chem.,  1869,  276).  It  is  a  colourless  mobile  liquid,  which  boils 
at  40°— 42°  (/04°— lo7°-6  P.) ;  sp.  gr.  1-36  at  o''  (32°  F.). 

(1171)  Trichlorohsthane,  or  cA/orq/br/» :  CHCl3=ii9'5. — 
TIus  interesting  compound  is  produced  by  a  variety  of  reactions : 

1.  Together  with  tetrachloromethane,  when  chlorine  is  made 
to  act  upon  methane,  chloromethane,  or  dichloromethane. 

2.  During  the  decomposition  of  the  trichloracetates  by  the 
alkaline  hydrates : 

CCI3COOK  +   KHO  =  CCI3H  +  K5CO5. 

Potaaiio  triohloncetato.  Trichloromethttie. 

3.  Also  by  the  action  of  the  alkaline  hydrates  on  trichlor- 
acetic aldehyde  or  chloral : 

CC1,C0H     +     KOH     =     CCI5H     +     HCOOK. 

Cbior»l  TricUoTomethuw.        PotMiio  fonnata. 

4.  It  k,  however,  most  economically  obtained  by  acting  upon 
dilate  alcohol  with  oUoride  of  lime  (bleaching  powder),  ^^ood  . 
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spirit,  acetone^  oil  of  turpentine,  and  many  essential  oils,  likewise 
yield  it  when  treated  with  chloride  of  lime.  Chloroform  is 
readily  procured  in  a  state  of  purity  by  the  following  process  : — 
6  parts  of  chloride  of  lime,  24  parts  of  water,  and  i  part  of 
alcohol,  are  to  be  mixed  in  a  capacious  still,  and  the  temperature 
raised  as  rapidly  as  possible  till  it  reaches  8a°  (180°  P.).  The 
distillation  is  then  to  be  continued  until  about  one  and  a  half 
parts  have  passed  over ;  the  product,  consisting  chiefly  of  chloro- 
form and  water,  collects  in  two  layers  in  the  receiver — 
the  chloroform  constituting  the  lower  layer.  It  should  be 
decanted  from  the  aqueous  portion,  and  agitated  with  sulphuric 
acid  in  order  to  destroy  traces  of  volatile  oils  which  accom- 
pany it:  by  another  rectification  it  is  obtained  in  a  state  of 
purity. 

Chloroform  is  a  colourless,  volatile  liquid,  of  high  refracting 
power  and  sp.  gr.  i'497.  It  boils  at  61°  (144°  F.).  It  has  a 
powerful  agreeable  ethereal  odour,  and  a  sweet  penetrating  taste. 
Alcohol  and  ether  dissolve  it  in  every  proportion,  but  it  is  very 
sparingly  soluble  in  water.  Concentrated  sulphuric  acid  has  no 
action  upon  it,  and  even  potassium  does  not  occasion  its  decom- 
position. It  is  inflamed  with  diSiculty,  and  bums  with  a 
greenish  somewhat  smoky  flame,  producing  hydrochloric  acid  as 
well  as  carbonic  anhydride  and  water.  By  admixture  with  an 
alcoholic  solution  of  potassic  hydrate  it  is  decomposed,  potassic 
chloride  and  formate  being  produced : 

CHCl,  -f  4KH0  =  HCO.OK  +  aOH,   +  3KCL 

Chlorofonn.  Potaolc  formate. 

An  aqueous  solution  of  potassic  hydrate  does  not  produce  this 
change,  owing  to  the  sparing  solubility  of  chloroform  in  water. 

The  vapour  of  chloroform  possesses  the  remarkable  power  of 
producing  complete  temporary  insensibility  to  pain  in  the  person 
who  has  respired  it.  It  may  be  readily  inhaled  for  this  purpose 
by  placing  a  small  quantity  of  the  liquid  upon  a  sponge  or  a 
handkerchief  which  is  to  be  held  before  the  mouth  and  nostrils  : 
it  is  very  generally  employed  for  rendering  patients  insensible 
to  pain  during  severe  surgical  operations. 

It  is  of  great  importance  that  the  chloroform  used  for  this 
purpose  should  be  quite  pure.  In  some  cases,  when  impure,  it 
has  been  found  to  undergo  spontaneous  decomposition  on  ex- 
posure to  a  strong  light.  It  ought  to  communicate  no  colour 
to  sulphuric  acid  when  agitated  with  it.  The  liquid  itself  should 
be  free  from  colour,  and  destitute  of  any  chlorous  odpur.     When 
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a  few  drops  are  allowed  to  evaporate  on  the  hand^  no  unpleasant 
odoor  should  be  left. 

Chloroform  freely  dissolves  sulphur,  phosphorus,  and  iodine. 
It  is  also  a  good  solvent  for  fatty  and  resinous  bodies.  No  other 
liquid  is  so  perfect  a  solvent  for  caoutchouc,  which  is  left  un- 
altered by  it  on  evaporation. 

(1173)  Tetrachloromethane,  or  carbotdc  tetrachloride:  CCl^ 
=  154. — ^This  substance  was  obtained  by  Begnault  from  wood- 
spirit  and  from  chloroform,  by  exposing  them  in  bright  sunshine 
to  the  action  of  an  excess  of  chlorine.  Kolbe  also  found  that  a 
mixture  of  the  vapour  of  carbonic  bisulphide  and  dry  chlorine, 
when  passed  through  a  red  hot  porcelain  tube  yields  the  same  com- 
pound mixed  with  chloride  of  sulphur  :  CS3+3Cl2=CCl^  +  S3Clj ; 
it  is  abo  obtained  mixed  with  chloride  of  sulphur,  on  pass- 
ing chlorine  into  a  mixture  of  carbonic  bisulphide  and  anti- 
monic  chloride,  or  a  warm  solution  of  iodine  in  the  bisulphide, 
and  may  be  readily  prepared  in  this  manner.  If  the  mixture  be 
distilled  and  the  first  portions  of  the  distillate  agitated  with  a 
solution  of  potassic  or  sodic  hydrate,  the  chloride  of  sulphur 
is  decomposed,  and  the  tetrachloride  subsides;  it  may  then 
be  decanted  and  purified  by  distillation.  It  is  a  colourless 
liquid  of  sp.  gr.  1*599,  *^^  ^^^^  **  7^°  (^7^°'4  ^0  i  ^*  ^^  insoluble 
in  water,  but  soluble  in  alcohol  and  in  ether ;  an  alcoholic  solu- 
tion of  potassic  hydrate  decomposes  it  into  potassic  chloride  and 
carbonate ;  6KH0  +  CCi^=z^KC\  +  K^COj + 3OHJ.  If  its  vapour, 
diluted  with  air,  be  respired  it  exerts  an  anaesthetic  action  on 
the  system.  Tetrachloromethane  becomes  a  crystalline  solid  of 
pearly  lustre,  when  exposed  to  a  temperature  of  about  —23° 
(—9°  F.).  If  passed  through  red-hot  tubes  it  is  decomposed  into 
free  chlorine  and  a  mixture  of  tetrachlorethylene,  CjCl^  and 
i  hexachlorethane  or  Faraday's  sesquichloride  of  carbon,  CgCl^. 
Bj  the  action  of  nascent  hydrogen,  tetrachloromethane  may  be 
converted  successively  into  tri-,  di-,  and  monochloromethane,  and 
finally  into  methane  itself. 

(1173)  MoNOBEOMOMETHANE,  OF  methffUc  bromide:  CH,Br  =  95. — This 
eompoond  is  f<Mrmed  by  the  aetion  of  the  bromides  of  phoephoras,  or  of  hydro- 
bromio  add,  on  metbylio  alcohol;  it  is  a  coloarless  liquid  whioh  boils  at  13^ 
(55'-4  F,). 

DiBEOMOHBTHAyB,  or  methflenic  bromide:  CH,6r,=  i74,  is  produced 
on  hasting  monobromomethane  with  bromine  in  sealed  tubes  for  3 — 4  hours  at 
aboat  250"*  (482*"  F.)  (Steiner,  2^t^.  ehem.  Ges.  Ber,,yn,  507);  and  also 
by  the  action  of  bromine  on  di-  and  tri-iodomethane.  It  boils  at  80° — 82^ 
{176^— 179°-6  F.);  sp.  gr.  a  084  at  ii^'S  (s2°-7  F.). 

TBiBBOMOifETHANE,  or  bromoform :  CHBr,=  253. — This  compound  is 
obtiiiied  <m  heating  bromomethane  with  the  requisite  quantity  of  bromine  at  j 
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250^  (482*  F.)  (Steiner);  also  by  tbe  decomposition  of  broxnal,  C,HBr,0,  bj 
alkalitf;  and  on  distiiling  alcohol  with  bromide  of  lime.  It  boils  at  150" 
(305°'6  F.),  bat  is  at  the  same  time  partially  decomposed ;  its  sp.  gr.  is  2*9. 

Tetbabbomombthaivs,  or  carbonic  tetrabromide  :  CBr^«  332. — Carbonic 
tetrabromide  is  formed  on  heating  bromoform  or  carbonic  bisulphide  with  excess 
0f  bromine,  in  tbe  presence  of  iodine  or  antimonio  bromide,  for  seyeral  hoars  at 
150°  (302''  F.)  in  sealed  tubes.  It  is  most  readily  obtained,  however,  by 
decomposing  bromopicrin,  CBr3(N0^,  by  heat  It  crystallizes  in  white  lustrous 
plates,  which  melt  at  91**  (i95°-8  F.);  it  boils  at  iSg'^'S  (373**'^  F.),  but 
when  distilled  ander  the  ordinary  pressare  undergoes  slight  decomposition* 
Carbonic  tetrabromide  has  an  ethereal  odour  and  sweetish  taste ;  it  is  very 
soluble  in  hot  alcohol,  ether,  and  carbonic  disalphide.  (Solas  and  Groves,  Jour, 
Chem,  Soc.,  iS/O.xxiii.  161 ;  187 1,  xxiv.  773.) 

(i  1 74)  loDOMBTHAKB,  or  metkylic  iodide :  CH,I  =  142,  is  best  prepared  by 
gradually  adding  7  parts  of  amorphous  phosphorus  to  a  mixture  of  100  of 
iodine  and  50  of  methylic  alcohol  contained  in  a  retort  or  flask  immersed  in  cold 
water  and  connected  with  a  condenser.  The  product  is  distilled,  agitated  with 
water,  then,  after  separation  from  the  latter,  dried  over  calcic  chloride,  and 
finally  rectified.  It  is  a  colourless  mobile  liquid,  of  peculiar  ethereal  odour,  in- 
soluble in  water,  boiling  at  42°  (io7**'6  F.),  and  has  a  sp.  gr.  of  2*2  at  o^  (32°  F.). 

DiiODOMBTHAKB,  or  fuethyUnic  iodide  :  CH,!,^:  268. — This  compound  is 
formed  on  boiling  iodolbrm  with  an  aqueous  solution  of  potassic  hydrate  and  a 
little  alcohol,  and  comes  over  with  the  aqueous  vapour.  It  is  also  produced  by 
heating  iodoform  with  hydriodic  acid  (Lieben)  :  CHI,  +  HI  =  CH,I,  + 1,.  The 
best  method  of  preparation,  however,  is  that  of  Baeyer  {Dewt.  ehem.  Gee* 
JBer,,  V.  J 095),  who  digests  the  iodoform  with  aqueous  hydriodic  acid,  adding 
phosphoros  in  small  pieces  from  time  to  time.  When  pure  it  is  a  colourless 
liquid,  which,  however,  rapidly  becomes  yellow.  It  boils  at  181^  (35  7^*8  F.).  and 
solidifies  at  o**  (32^F.)  to  a  colourless  crystalline  mass  which  melts  at  6°  (42*^*8  F.) ; 
its  sp.  gr.  at  5°  (41'  F.)  is  3-342. 

TBII0D0MBTHA19B,  or  Iodoform :  CHI,  =  394. — Iodoform  is  a  product  of 
the  action  of  iodine  in  presence  of  potassic  or  sodic  hydrate  or  carbonate  on 
ethylic  alcohol,  aldehyde,  acetone,  and  many  other  substances.  According  to 
Lieben,  however,  who  has  examined  the  behaviour  of  various  bodies  with  iodine 
and  potassic  hydrate  {Ann.  Chem,  Pkarm.  Sup.,  7,  281),  methylic  alcohol  does 
not  yield  iodoform.  To  prepare  it,  i  pt  of  alcohol  is  added  to  a  solution  of  2  pts. 
crystallized  sodic  carbonate  in  10  pts.  water,  and  the  liquid  heated  to  60^  or  80% 
(140° — 1 76°  F.) ;  I  pt.  of  iodine  is  then  added  by  small  portions  till  it  is  entirely 
dissolved,  and  the  liquid  has  become  colourless.  Towards  the  end  of  the  opera- 
tion the  iodoform  makes  its  appearance,  and  is  separated  by  filtration.  The 
filtrate  is  then  again  heated  to  60*^ — 80°  (140°— 176^  F.) ;  another  portion  of 
sodic  carbonate,  equal  to  the  former,  is  dissolved  in  it ;  a  fresh  portion  of  alcohol  is 
now  added,  and  a  current  of  chlorine  is  passed  into  the  liquid,  which  must  be  con- 
tinually agitated,  so  that  the  iodine  which  separates  may  mix  well  with  it.  When 
the  process  is  so  conducted  that  a  slight  excess  of  iodine  is  always  present 
iodoform  is  produced  in  abundance.  When  a  considerable  quantity  has  been 
deposited,  the  stream  of  chlorine  is  interrupted,  the  liquid  is  left  to  decolorize, 
and  the  iodoform  is  filtered  off;  alter  which  the  mother  liquor  may  be  agun 
treated  with  chlorine.  Iodoform  has  a  peculiar  odour,  and  crystallizes  in  pale 
yellow  nacreous  scales,  which  under  the  microscope  are  seen  to  be  six-sided 
plates.  It  is  not  perceptibly  soluble  in  water,  but  dissolves  readily  in  alcohol  and 
ether.     It  melts  at  120^  (348^  F.),  and  is  decomposed  at  a  higher  temperature. 

TbtbjliudoMethanb,  or  carbonic  tetriodide:  CI^=520. — Gustavson 
{Ann,  Qhem.  Fharm,,  clxxii.  173),  hay  recenUy  obtained  this  compoimdby 
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addiog  tetraohloromeihftne  to  alaminio  iodide,  AIJ,,  difsoWed  in  earbonio 
biftolphide.  It  cryetallizefl  in  regular  ootahedra  of  a  dark  red  colour,  of  ap.  gr. 
432  at  20^'2  (68^*4  F.).  Boiled  with  water  it  yielda  iodoform,  and  when 
heated  alone  it  is  deoompooed  with  liberation  of  iodine. 

(1175)  B^ioid  Derivatives  of  Ethane. — All  the  chlpro- 
deriyatiyes  of  this  hydrocarbon  are  known^  but  the  corresponding 
bromine  and  iodine  compounds  have  been^  as  yet^  but  imperfectly 
examined. 

(i  1 76)  MoNocBLORETHANE,  or  ethylic  chloride:  Ci^H^Cl = 64*5 ; 
CHg.CH^Cl. — ^Monochlorethane  is  the  first  product  of  the  action 
of  chlorine  in  diffused  daylight  on  ethane  (Schorlemmer^  Proc. 
Roy,  Soc.,  xiii.  225;  Darlings  Jour.  Chem.  80c.,  1S6H,  zxi.  496);  and 
it  is  also  obtained  by  saturating  ethylic  alcohol  with  hydrochloric 
acidj  and  then  distilling  the  product  at  a  gentle  heat.  The 
most  advantageous  method  of  preparation^  however^  is  to  pass  a 
current  of  gaseous  hydrochloric  acid  into  a  boiling  solution  of 
fused  zincic  chloride  in  about  twice  its  weight  of  alcohol.  The 
vapour  of  the  chloride,  after  being  washed  by  water,  is  passed 
into  alcohol,  kept  cool  by  surrounding  it  with  cold  water.  As 
alcohol  at  16°  (6o°*8  F.)  dissolves  half  its  weight  of  the  chloride, 
this  solution  may  be  preserved  in  an  ordinary  bottle,  and  the 
chloride  expelled  when  required  by  gently  heating  it ;  after  being 
washed  with  concentrated  sulphuric  acid  it  is  quite  pure.  (Groves, 
Jour.  Chem.  Soc,  1874,  xxvii.  636.)  Monochlorethane  is  readily 
condehsed  to  a  colourless  mobile  liquid,  of  a  pleasant  ethereal 
odour,  which  boils  at  12^*18  (53^*92  F.).  It  bums  with  a  brilliant 
flame  edged  with  green,  and  when  passed  through  a  red-hot  tube^ 
it  is  decomposed  into  ethylene  and  hydrochloric  acid  :  Cj^HgCl^ 
CgH^+HCl.  It  is  sparingly  soluble  in  water;  the  solution 
gives  no  precipitate  with  argentic  nitrate.  When  heated  with 
an  alcoholic  solution  of  potassic  hydrate  in  a  closed  tube  at  100^ 
(212°  F.),  it  is  converted  into  ethylic  ether :  2C^H5.C1  +  2KH0= 
(CjH5)j,0  +  2KCl+OHg  (Balard);  but  if  the  vapour  be  passed 
over  heated  potassic  hydrate,  ethylene  is  obtained :  C,H^C1+ KHO 
=C,H^+KC1  +  0H,. 

DicsLOBSTHAVS :  C^H^Cl,  s  99.— Two  isomeric  dichbrethanea  are  known : 
Q'dickloretiane^  or  ethylenic  ehlorids,  obtained  by  combining  ethylene,  C^^ 
with  chlorine  (tfid.  ethylene) ;  and,  fi-dichlorethane,  or  eihylidenie  chloride, 
prodnoed  by  acting  on  monochlorethane  with  chlorine,  and  also  by  treating 
aldehyde  with  phosphoric  pentachloride : 

CH^COH  +   pa,  =  CH,.CHC1,   +   POCl^ 

▲Idahjda.  Ethjlldenic  ohlorUto. 

Both  ac8  colourless  mobile  liquids,  of  an  agreeable  ethereal  odour.  The 
aontinned  action  of  chlorine  on  these  dichlorethanes  gives  rise  to  isomeric  tri-  and 
trtraohloretbanes ;  these,  however,  yield  the  same  penta-  and  hezachlorethane  oa  j 
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fnrther  treatment  with  chlorine.  The  following  is  a  list  of  the  known  chlo- 
rinated derivatives  of  ethane,  together  with  their  hoiling  points  (Centigrade) 
and  specific  gravities  (Staedel,  Zeitt.  Chem.,  187 1,  197,  513) : 


CH^.CH,a. 

MoDoehlo^thane  (Bthylie  ohloilde). 

B.P.  1 2***  1 8. 

CH^Cl.CH.a. 

CH,.CHa,. 

tt-Dichlorethane 
(EtbjleDio  chloride). 

/S-Dichlorethaae 
(EthylidenieeUoride). 

B.p.  84®;  8.0.  1-356  at  12*.                  B.P. 

60®;  B.O.  1-174  at  17*. 

CH.a.CHCl,. 

CH..CC1.. 

o-Triehlorettuuie. 

/l-Trichlorethan«. 

B.P.  115°;  B.O.  1-422  at  17*.               B.P. 

75*^;  S.G.  1-372  at  o*. 

CHCl^.CHCl,. 

CH.Cl.CCl,. 

o-Tetraohloretlume. 

B.P.  147';  B.O.  1-614  at  o^ 

B.P.  I27**-5;   B.G.P 

CHCl^.CCl,. 

Pentachlorethant. 

B.P.  ^58^ 

CCI,.CC1,. 

Melts  at  226%  B.P.  33i^ 

(it 77)  MoNOBROMETHANB, or  cMjrKc  ftrewiidSp .-  CgHjBrssiog. 
— This  compound  is  obtained  in  a  state  of  great  purity  by  mixing 
ethylic  alcohol  with  phosphorus  bromide :  jCjHg.OH  +  PBrjSs 
^C^H^Bt-^  HgPOj ;  but  it  is  more  conveniently  prepared  by  adding 
slowly  4  parts  of  bromine  to  a  mixture  of  45  parts  of  ethylic 
alcohol  and  4  of  amorphous  phosphorus^  contained  in  a  retort  or 
flask  connected  with  an  inverted  condenser^ care  being  taken  to  keep 
the  mass  cool.  When  the  whole  of  the  bromine  has  been  added^ 
the  bromethane  is  distilled  off  on  the  water-bath,  and  agitated^ 
first  with  a  weak  alkaline  solution,  and  then  with  water ;  it  is 
afterwards  separated  from  the  water,  and  placed  in  contact  with 
sticks  of  potassic  hydrate,  or  pieces  of  calcic  chloride,  and  finally 
distilled.  Bromethane  is  also  produced  by  the  action  of  hydro- 
bromic  acid  on  ethylic  alcohol.  It  is  a  colourless,  mobile  liquid^ 
of  ethereal  odour,  boiling  at  41*^  (i05°'8  F). 

(i  178)  DiBBOMETHAVE :  C^H^Br,  =  1 88. — ^Two  isomeric dihromethanes  cor» 
responding  to  the  two  isomeric  dichlorethanes  are  known,  viz. — a'Dibrom&^ 
thane,  or  ethylenic  bromide,  boiling  at  129°  (264^*2  F.)»  prepared  by  passing 
ethylene  into  bromine  (vid,  ethylene);  and  ^'dihromethane^or  ethylidenic  bromide^ 
boiling  at  iio^ — II2^  (230® — 233^  6  F.),  formed  on  heating  monobromethane 
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with  bromine  to  170^  (333^  F.),  or  by  treating  aldehyde  with  phoaphorio  penta> 
bromide  or  trichlorodibromide  (Jour,  Chem,  Soc,  1872,  xzv.  233). 

A  number  of  the  higher  brominated  ethanes  have  been  obtained  from  ethyle- 
nic  bromide  (vid,  haloid  derivatiTes  of  ethylene). 

(1179)  loDETHANE^  OF  ethylic  iodide:  0,1151=156. — In 
order  to  prepare  this  compound^  70  parts  of  ethylic  alcohol  and 
7  parts  of  amorphous  phosphorus  are  placed  in  a  retort^  the  bulb 
of  which  is  immersed  in  cold  water^  its  neck  being  connected  with 
an  inverted  condenser ;  100  parts  of  iodine  are  then  gradually 
added  through  the  tubulure  of  the  retort^  and  the  mixture  agitated 
after  each  addition  of  iodine.  When  the  reaction  has  terminated^ 
the  liquid  is  distilled  by  the  heat  of  a  water-bath ;  the  distillate 
should  be  then  washed  with  weak  alkali  and  water^  digested  on 
calcic  chloride^  and  re-distilled.  The  reaction  which  occurs  during 
this  operation  may  be  thus  represented  : 

i2C^..0H  +   2P   +    sT,  =   ioC,H.I   +  4OH,   +   2C,H.H,P0,. 

Wfhwiu  •J.oK/.i  Ethylic  iodide  Ethylio 

BthyUealoohoL  ^,  fodethane.  dihydrio  pbosphaU. 

Ethylic  iodide  is  a  colourless  liquid  when  freshly  prepared^  but 
it  soon  undergoes  a  partial  decomposition^  and  becomes  brown 
from  the  liberation  of  iodine.  It  boils  at  72,°'5  i^^z^'^  F.),  and 
at  0°  (32°  E),  has  the  sp.  gr.  1*97.  When  heated  with  water 
to  150°  (302^  F.)  in  a  sealed  tube,  it  becomes  decomposed  into 
ordinary  ether  and  hydriodic  acid  (Frankland);  according  to 
Hofmann,  if  boiled  with  water  and  argentic  oxide,  alcohol  and 
argentic  iodide  are  produced  : 

2C,H,I  +  AggO  =   aCjH^.OH   +  aAgl; 

and  Wurtz  finds  that  when  the  anhydrous  iodide  is  heated  in  a 
sealed  tube  with  argentic  oxide,  argentic  iodide  and  ordinary 
ether  are  formed  with  facility  : 

aCgH.I  +  Agp  =  (C,H,),0  +  2AgI. 

If  a  mixture  of  equivalent  quantities  of  methylic  iodide  and 
ethylic  iodide  be  treated  with  argentic  oxide,  methyl-ethyl  ether 
CHj.O.CjH^  is  produced. 

Both  the  bromide  and  the  iodide  of  ethyl  have  been  exten- 
sively employed  for  the  preparation  of  substitution-compounds 
containing  ethyl ;  and  it  was  by  decomposing  ethylic  iodide  in  a 
sealed  tube  by  means  of  zinc,  that  Frankland  succeeded  in 
isolating  the  hydrocarbon  known  as  diethyl  or  tetrane. 

(1180)    lODOCHLOBETHANB  :       CgH^ClI  =  190*5,    and     lODOBBOMETHANE  : 

C^^BrI  =  235»  are  produced  when  ethylene  ia  parsed  into  a  solution  of  iodine 
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chloride,  or  bromide  (Maxwell  Simpson,  Troe,  Roy,  Soe.,  xii.  278;  xzii.  51). 
The  former  i^  an  oily  liquid,  boiling  at  145°  (293°  F.).  The  latter  is  a  solid 
at  the  ordinary  temperature,  which  melts  at  28**  (82^*4  F.),  and  boils  at  162^ 
— 167**  (323*'-6 — 332**'6F.);  an  isomeric  body,  boiling  at  144°— 147' 
(29i®'2 — 296''*6  F.),  is  formed  by  exposing  broroethylene  or  vinylic  bromide, 
CH2  =  CHBr,  to  the  action  of  hydriodic  acid  (Pfaandier,  Rebonl). 

(i  181)  DiiODETHAKB :  CjHJ,  =  272. — a'Diiod^hane,  or  ethylenie  iodide^ 
CH,I.  CH,I,  is  prodnoed  when  ethylene  is  passed  into  a  pasty  mixtare  of 
alcohol  and  iodine.  It  is  a  white  ciystalline  substance.  fi*Diiodethane  or  ethy^ 
lidenie  iodide^  GK^.CR\,  is  formed  by  the  action  of  alaminic  iodide  on 
P-dichlorethane  (Gustavtfon) ;  it  is  a  liquid  boiling  at  180®  (35 6*  F.).  According 
to  Berthelot,  acetylene,  C^H,,  combines  with  hydriodic  acid  forming  both  a-  and 
/3-diiodethane. 

(1182)  Saloid  Derivatives  of  Prcpane.  Monochlosopbopaitb  : 
C,HyCl=  78. — Two  isomeric  chloropropanes  are  known  :  namely,  the  primary 
propylic  chloride,  or  a-ckloropropane,  CH,CH,.CB[,C1,  which  is  a  product  of 
the  action  of  chlorine  on  propane  (Schorlemmer,  Proo.  Roy.  Soe,,  xvii.  372),  and  is 
also  obtained  on  treating  primary  propylic  alcohol  with  hydrochloric  acid  or  a 
chloride  of  phosphorus ;  and  secondary,  or  isopropylic  chloride,  or  fi-chloro^ 
propane,  CH,.CHCLCH,,  prepared  by  treating  isopropylic  alcohol  with  hydror 
chloric  acid  or  a  chloride  of  phosphorus.  The  latter  is  also  formed  by  the  action 
of  chlorine  on  propane. 

Propylic  chloride  boils  at  46''-5  (iiS**7  F.),  whilst  isopropylic  chloride  boils 
at  39**  (i02®-2  F.) ;  the  sp.  gr.  of  the  former  is  -915  at  o**  (32*  F.),  that  of  the 
ktter  -874  at  10*^  (37''-5  ^0 

(11 83)  DicHLOBOPHOPAHB :  C,H,Cl,=  ii3. —  Four  isomeric  dichloropro- 
panes  have  been  obtained,  viz. : 

o-Dichloropropane      .     .     .     CH,Cl.CH,.CH,a 

P-Dichloropropane  or  Fopy-  l^w  ^g^LCH  .CI 

lenic  chloride  •     .     •     .  )        '  ' 

yDlchloropropane  or  propjU-  I  CH..CH..CHCL       84"-87'  — 

*'^SZtor*  *  "*^^*! }  CH..CC1..CH.  7o»  1082  at  i6» 

a'Dichloroprcpane  is  formed  on  heating  a-dibromopropane  with  mercnric 
chloride  (Rebonl).  fi-Dichloropropane,  or  propylenic  chloride,  is  obtained  by 
the  action  of  chlorine  both  on  propylic  and  isopropylic  chloride,  and  by  the  com- 
bination of  propylene  with  chlorine: 

CH,.CH3.CH,C1   +   CI,   =   CH,.CHC1.CH,C1   +    Ha 

Propylic  chloride.  Propylenio  chloride. 

CH,.CHC1.CH,   +   CI,  =    CH,.CHC1.CH,C1   +   HCL 

Isopropylic  chloride.  Propylenic  chloride. 

CH,.CH  =  CH,   +    CI,   =   CH,.CHC1.CH,CL 
j^pylene.  Propylenic  chloride. 

y-Dichhropropane,  or  propylidenie  chloride,  is  produced  by  acting  upon 
propionic  aldehyde,  CH,.CU,.COH,  with  phosphoric  pentachloride  (Reboul, 
Compt  Rend,,  Ixxvi.  1270).  d-Dichloropropane,  or  methylchloracetol,  u  ob- 
tained together  with  propylenic  chloride  by  the  action  of  chlorine  on  isopropylic 
chloride  (Friedel  and  Silva,  Compt,  Rend.,  Ixxiii.  1379),  and  in  a  pure  state,  by 
the  action  of  phosphoric  pentachloride  on  acetone,  CH,.CO.CH,,  tiie  oxygen  in 
the  latter  being  displaced  by  an  equitalent  quantity  of  chlorine.^^ 
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(1184)  Tbichlosofbofanb  :  C,HgCl,=  147*5. — Three  isomeric  tricliloro- 
propanes  are  known,  viz. : 

B.F.(Cait.)  8p.Gr. 

/5-Trichloropropane      CH,.CHC1.CHC1,        ...     140**     ...     1402  at  4** 
y-Trichloropropaiie     CH,.CCi,.CH,Cl  ...     123*     ...     1-350  at  o** 

a'iyickloroj)rcpane,  or  triehlorhydrin,  CHgCl.CHCl.CHjCl,  ia  formed  when 
propylenic  chloride  is  acted  upon  by  chlorine  in  bright  snnshtne,  or  in  the  pre- 
sence of  iodine  (Linneroann,  Ann,  Chem.  Pharm.,  cxxxyL  48;  czzziz.  17; 
Schorlemmer,  Proe,  Boy,  8oe,,  xviii.  29 ;  Friedel  and  Silva,  Compt,  Bend., 
Izxiy.  805) ;  and  also  by  the  nnion  of  ally  Ho  chloride,  C,H^C1,  with  chlorine 
(Oppenheim,  Aim.  Chem,  Pharm,,  cxzziii.  383).  It  is  modt  readily  prepared, 
however,  by  heating  dichlorhydrin  with  phosphoric  pentachloride : 

CH,C1.CH(0H).CH,C1  +  PCI.  =  CH.CLCHCl.CH.Cl  +  POCl,  +  Ha 

Diehlorhydrin.  ••Tricbloropropaaa. 

P-Trichloropropane  is  obtained  together  with  the  a-oompoand  on  heating 
propylenic  chloride,  CH..CHC1.0H,Cl,  with  dry  iodine  chloride ;'  whilst  y-tri- 
ekUyropropane  is  the  product  of  the  action  of  chlorine  on  methylchloraoetol, 
CH^CC1..CH,,  in  sunshine  (Friedel  and  Silva,  Compt  Bend.,  Ixxiv.  805). 

(1185)  Tjitbachlobofbopanb  :  C.H^Cl^.  =  182. — ^Three  of  these  are 
known,  viz. : 

(i).  Allylenic  tetrachloride,  CH,C1,CHC1.CHC1,,  obtained  by  Harten- 
itein,  (Jour,  pr,  Chem.  [2],  rii.  312)  by  combining  allylenic  dichloride, 
CHjCl.CH  =  CHCl,  from  dichlorhydrin,  with  chlorine.  If  boils  at  171® 
(339*'8  P.) ;  sp.  gr.  1-503  at  i7*»-5  (63*-5  P.).  The  tetrachloroglycid  obtained 
by  Pfeffer  and  Pittig  {Awn,  Chem,  Pharm,,  czzzr.  357),  from  dichloroglycid  and 
chlorine,  was  doubtless  a  mixture  of  this  body  with  the  isomeric  compound, 
CH,C1,CC1,.CH,C1,  since  dichloroglycid  is  a  mixture  of  the  two  compounds 
CHjCLCCl  =  CH,  and  CH,C1.CH  =  CHa  (vid,  dichloropropylene). 

(2).  Diehleracet&ne  chloride,  CR^.CC\^.CRC\,  prepared  by  the  action  of 
phoephpric  pentachloride  on  dichloraoetone,  CH,.C0.CHC1,.  It  brvils  at  1 53^ 
(307® '4  F.);  sp.  gr.  1*47  at  13*  (55°*4  P.)«  By  the  action  of  chlorine  on  this 
body  it  is  converted  into  a  crystalline  pentachloropropcme.  (Fittig  aud 
Bonche,  Ann.  Chem,  Pharm,,  cxxxiii.  114.) 

(3).  A  crystalline  body,  melting  at  177"*— 178*  (35o**-6— 352**-4  P.) 
has  bc»n  obtained  by  Schorlemmer  (Proc,  Boy,  Soe.,  xviiL  29),  by  tlie  continued 
action  of  chlorine  on  propane  in  sunshine, 

(1186)  Hbzachlobofbopaivb:  C,H^Ct,=  251. ^According  to  Schorlemmer 
{Ibid,)  this  is  the  final  product  of  the  action  of  chlorine  on  propane  in  bright 
Minshine  in  the  presence  of  iodine.  It  is  a  colourless  heavy  liquid,  which  boils 
without  decomposition  at  about  250°  (482^  P.). 

(1187)  Bbomopbopanb  :  C,HyBr.=5 123. — Propylic  and  isopropylic bromides 
are  obtained  from  the  corresponding  alcohols  by  treating  them  with  hydrobromio 
acid,  or  a  bromide  of  phosphorus.  The  former  boils  at  71'  (i59°*8  P.),  sp.  gr. 
i'35  »*  16** (6o* 8),  the  latter  at  61** (i4i*-8 P.),sp.  gr.  1*32  at  13** (55*^4 P.). 

(1188)  Dibbomofbopahb:  C^^Br^s  202.— Three  isomeric  dibiomopro- 
panes  are  known,  viz. : 

B.P.  (Cent.)  Sp.  Gr. 

a-Dibromopropane      .     .       CH,Br.CH,.CH,Br     162**— 163*      2*017  *fc  o" 

^""^TJTCr  r  }  CH.CHBr.CH^,  X4X-3  .946  t  ,6- 
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a-Dihromopropane  is  formed  together  with  a  small  araonnt  of  propylenic 
bromide  {vid,  propylene),  on  heating  allylic  hromide,  CH^.CH  =  CH^Br,  with  a 
latnrated  solution  of  hydrohromic  acid  to  100*  (212^  F.)  (Geroniont,  Deut. 
chem.  Ges,  Ber,,  W,  548 ;  Beboul»  Compt,  Bend.,  Izxvi.  1270).  The  remaining 
oompounds  are  obtained  by  methods  similar  to  those  employed  in  the  preparation 
of  the  analogous  chIoro>derivatives. 

(1189)  Chlobobbomopbofanb  :  C,H^ClBr=  157*5. — According  to  Rehoal 
(CompL  Rend.,  Izxviii.  177),  the  following  five  isomeric  compounds  exist: 


B.P.  (Cent) 

Bp.Gr. 

I. 

CH,Br.CH,.CH,a      .. 

140°— -141**      ., 

.        163  at  8* 

II. 

CH,.CHBr.CH,a       .. 

about  120°      ...              — 

III. 

CH,.CHCl.CH,Br       ., 

120* 

.        1-585  at  0** 

IV. 

CH,.gH,.CHClBr      .. 

about  100** 

r6oat  2o**(P) 

T. 

CH,.CClBr.CH, 

93 —95"*       .. 

1*474  at  21"* 

The  first  of  these,  together  with  a  relatively  very  small  quantity  of  the  second,  is 
formed  on  heating  allylic  chloride,  CHj^  -=-  CH.CH^Cl,  with  hydrobromic  acid 
(Reboul) ;  the  third  is  obtained  on  heating  propylenic  bromide,  CH,.CHBr.CH,Br, 
with  a  solution  of  mercuric  chloride  (Friedel  and  Silva.)  A  mixture 
of  the  fourth  and  fifth  is  obtained  on  heating  crude  chloropropane — which 
is  a  mixture  of  the  two  isomerides,  CH,.CC1=^CH,  and  CH,.CH=CC1,, 
with  hydrochloric  acid  (Reboul).  According  to  Henry  (Deut  chem.  Get.  Ber., 
iv.  604),  the  two  compounds  CH,.CHBr.CH,a  and  CH,.CHCLCH,Br  are 
identical  in  physical  properties. 

(1190)  Tbibromopbopane:  CgHjBr,.  =  281,— a-Tr*5r<wioprojpflrfw,  allylic 
Mbromide,  or  trihromhydrint  CH^Br.CHBr.CHjBr,  may  be  obtained  by  acting 
upon  dibromhydrin  CH,Br.CH(OH).CH,Br,  with  phosphoric  pentabromide,  or 
by  combining  allylic  bromide,  CH,  =  CH.CHJBr,  with  bromine.  It  crystallizes 
in  white  prisms,  which  melt  at  16^—17''  (60  '8 — 62*-6  F.).  and  boib  without 
decomposition  at  219° — 221"  (426°*2 — 429*-8  F.).  (Wurts,  Ann.  Chem, 
Pkarm.,  civ.  247  ;  Henry,  Deut.  chem.  Gee.  Ber.,  iii.  298.) 

An  isomeric  compound  boiling  at  195°  (383°  F.)  is  obtained  by  the  union  of 
raonobromopropylene  with  bromine  (Wurtz,  Ann.  Chem.  JPharm.,  civ.  246 ; 
Linnemann,  Ibid,  cxxxv.  55). 

(11 91)  Tbtbabbomopbopanb  :  C,H^Br^  =  36o. — A  crystalline  tetrabromo- 
propane  melting  at  69^  (i56°'2  F.)  was  obtained  by  Linnemann  (loc.  cit.  65)  bj 
heating  isopropylic  bromide  with  bromine  and  water  to  iio^ — 150^ 
(230° — 302^  F.)  The  production  of  crystalline  tetrabromopropanes  has  also  been 
observed  by  Aarland,  {Jour.pr.  Chem.  [2]  vi.  267),  and  by  Hartenstein  [Ibid, 
vii.  317).  The  liquid  tetrabromopropane  boiling  at  2 2 5® — 230®  (43 7® — 446**  P.) 
obtained  by  Oppenheim  {Ann,  Chem*  Pharm.,  cxxxii.  126),  from  allylene  (from, 
bromopropylene)  and  bromine,  is  probably  identical  with  Cahour's  bromopropy- 
lenic  bromide.  Reboul's  tetrabromogl^xid  is  probably  a  mixture  of  the  compound 
CH^Br.CBr,  CH,Br  with  CH,Br.CHBr.CHBr,. 

(1192)  Chlobobbomopbopanes.— Allylic  chloride,  C,H,C1,  forms  with 
bromine  the  compound  CH,Br.t!HBr.CH,Gl,  isomeric  with  that  produced  frt)m 
chloropropylene  and  bromine,  and  which  has  the  formula  CH^.CCLBr.CILBr ; 
the  former  boiU  at  195°  (383**  F.)  the  latter  at  170*'  (338**  F.). 

(11 93)  loDOPBOPANE,  C,HyI  ^  1 70.— Two  isomeric  iodopropanes  exist, 
a-Iodopropane,  or  primary  propylio  iodide,  CH,.CH,.CH  J,  is  prepared  by  the 
action  of  hydriodic  acid  on  normal  propylic  alcohol.    It  boils  at  102°  (2 1 5°'6  F.). 

I^'lodopropane,  secondary  or  isopropylic  iodide,  CHj.CHIXtH,,  is  formed 
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by  the  oombination  of  propylene,  C^H^,  with  hydriodic  acid,  and  by  the  action  of 
hjfdriodic  acid  on  allylic  iodide  : 

CH,=CH  -  CH,I  +  2HI  =  CH,  -  CHI  -  CH,  +  I,; 

kt  it  is  moet  conveniently  obtained  by  distilling  glycerin  with  an  excess  of 
conoentnited  hydriodic  acid  solntion,  allylic  iodide  being  first  formed  thus : 

CH,(0H).CH(OH).CH8(OH)  +  3HI  =   CH,=CH-CH,I  + I,  + 3OH,. 

Glycerin.  Alljlio  iodide. 

It  is  a  mobile  coloarless  liquid  of  pecnliar  colour,  which  boils  at  89°  (192°* 2  F.). 
Biiodopropane  or  propylenic  iodide,  CH^.CHI.CHjI,  is  formed  by  the 
direct  onion  of  propylene  with  iodine.     It  is  a  colourless  oil,  having  a  peculiar 
unpleasant  odour,  and  cannot  be  distilled  without  decomposition. 

(1194)  Chlobiodopbopanes. — Propylene  combines  with  iodine  chloride 
(Simpson) ;  the  chloriodopropane  thus  prepared  is  isomeric  with  that  formed  by 
the  union  of  chloropropylene  with  hydriodic  acid  (Oppenheim) :  the  former  is 
probably  represented  by  the  formula  CH3.CHCl.CHjI,  and  the  latter  by  the 
formula  CH,.CC1LCH,. 

Ac(X)rding  to  Henry  dichlariodopropane,  C,HgCljl,  is  produced  by  the  union 
of  allylic  chloride  with  iodine  chloride. 

Bromiadopropane,  C,U,BrI,  is  formed  when  propylene  is  passed  into  a  solu- 
tion of  iodine  bromide.  It  is  a  colourless  oil,  which  boils  at  160° — 168° 
(320' — 334*''4  F.),  but  is  at  the  same  time  partly  decomposed  (Simpson). 

CUorobromiodoprapaney  C^H^ClBrl,  is  produced  by  the  union  of  allylic 
bromide  with  iodine  chloride ;  it  is  a  heavy  oily  liquid  (Henry). 

(1195)  Haloid  Derivatives  op  xriE  Tetran'Es. — The  following  mono- 
haloid  tetrane  derivatives  have  been  obtained  by  the  action  of  the  haloid  acids 
or  haloid  phosphorus  compounds  on  the  isomeric  but;  lie  alcohols,  C^H^.OH : 


Normal  primary 

Isoprimary 

Secondary 

Tertiar 

or  a-compcands. 

or  ^-compounds. 

or  y-compounds. 

or  5-compo 

B.P.  (Cent.) 

B.P. 

B.P. 

B.P. 

Butylic  chloride  .       78° 

68°s 

— 

50^-52 

„       bromide  .     ioo°*5 

92^3 

— 

„       iodide     .     130° 

I20°-6 

iiy^'-iiS* 

99^ 

Secondary  butylic  iodide  may  also  be  prepared  by  tlie  action  of  hydriodic  acid 
on  erythrite,  C^Hg(OH)^,  and  the  tertiary  iodide  by  the  diivct  union  of  butylene, 
CH,=0{CH,),.  and  hydriodic  acid. 

Little  is  known  of  the  higher  chlorinated  derivatives  of  tetrane. 

DiBsoMOTETBANE,  C^H^Brj. — Three  isomeric  dibromotetruues  have  been 
<ltfcribed,  viz.  : 

B.P.  (Cent.) 

'^"^'t^o^df^'"''"^^^^^^  •"      '^^' 

^.Dibromotetrane     or    ^buty- Ujj  nHBr.CHBr.CH      ...      159' 
lenic  bromide     ....  J        *  «  '^^ 

"■"lerbS    "r''"*':}cH,CB,(CH.).Cn.B,     ...     X49» 

a-Dibromoietrane  is  obtained  by  heating  a-bromotietrane  (normal  primary 
butylic  bromide)  with  bromine  (Linnemann,  Ann.  Chem,  Pharm.,  clxi.  200), 
wd  is  probably  identical  with  the  bromide  of  ethyl  vinyl  (see  butylene)  prepared 
by  Wurtz  (-4*171.  Chem,  JPkarm.,  e\n.  21).  P-Dibromotetrane  is  formed  by 
eombining  the  butylene  from  secondary  butylic  alcohol  with  bromine  (Lieben, 
Ajol  Chem.  Fharm,,  d.    109).      y-Dibromoteirane  is  ol5taine4|ti2|ybv@'^?)Qlc 

3  -ftjr  ^ 
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i3-iodotetrane  (isoprimarj  butyl ic  iodide)  with  bromine  (Linnemann,  Ann,  Chem, 
Pharm.,  clxii.  34),  and  by  combining  the  so-called  isobutylene  from  isoprimary 
butylic  alcohol  with  bromine. 

Tribeomotetbane,  C^HyBr^.  —  According  to  Linnemann  (Ann,  Chem* 
Pharm.t  ckii.  34),  thin  compound  is  almost  the  sole  product  of  the  action  of  bro- 
mine on  ^-bromotetrane  (isoprimary  butylic  bromide)  at  150**  (302°  P.);  it 
is  a  liquid  which  boils  at  214°— 218°  (41  y*'^ — 424'''4  P.).  Caventou  also 
obtained  a  tribromotetrane  (bromobutylenic  bromide)  boiling  at  208° — 215° 
(406*4° — 419°  P.)  by  combining  bromobutylene  with  bromine.  The  same 
observer  obtained  a  ietrabromoteirane  from  dibromobutylene  and  bromine,  in 
the  form  of  a  crystalline  solid  which  decomposes  at  200°  (392°  F.)  without 
previously  melting  {Ann.  Gkem,  Pharm.,  cxxvii.  94,  347). 

(11 96)  Haloid  Derivatives  of  the  Pentanes.— a-MoNOCHLOBOPEN- 
TANE,  or  normal  primary  amylic  chloride,  CHj.CHj.CHj.CHj.CHgCl,  is  formed 
on  heating  normal  primary  amylic  alcohol  with  hydrochloric  acid  (Lieben  and 
Eossi) ;  it  is  also  a  product  of  the  action  of  chlorine  on  normal  pentane  (Schor- 
lemmer).  It  boils  at  106° — 107°  (222°'8 — 224^6  P.);  sp.  gr.  -901  at  d* 
(32°  F.). 

^-MoNOCHLOBOPSNTAi7E,  or  isoprimary  amylic  chloride, 

CH(CH,),.CH,.CH,C1, 
18  obtained  from  the  optically  inactive  fermentation  amylic  alcohol  and 
hydrochloric  acid,  or  a  chloride  of  phosphorus;  it  boils  at  102°  (2i5°-6  P.); 
sp.  gn*.  '895  at  o"*  (32°  P.).  A  third  monochloropentane,  C(CHj,)(C3Hy)HCl,  ia 
formed  together  with  a-chloropentane  during  the  chlorination  of  normal  pentane 
(Schorlemmer,  Ann,  Chem.  Pharm,,  clxi.  268). 

DiCHLOROPENTANE,  C^Hj^^Cl^. — Amylene,  C^Hj^,,  from  fermentation  iso- 
primary amylic  alcohol  combines  with  chlorine  to  form  a  dichloropeutane  or 
amylenic  chloride,  boiling  at  about  145®  (293°  P.)  (Guthrie,  Joum.  Chem, 
Soc,  xiv.  128).  An  isomeric  compound,  CHj.CH(CH,).CHj.CHCI,,  is  formed 
by  the  action  of  phosphoric  pentachloride  on  valeric  aldehyde  from  fermentation 
amylic  alcohol;  it  boils  at  about  130®  (266**  P.)  (Ann.  Chem.  Pharm,,  cvi. 
262).  By  the  action  of  chlorine  on  boiling  isoprimary  amylic  chloride,  Buff 
obtained  a  dichloropentane  boiling  at  155° — 160°  (311° — 320**  P.)  (Ann, 
Chem.  Pharm.,  cxlviii.  349). 

Higher  chlorinated  derivatives  of  pentane  have  been  obtained  by  the  action  of 
chlorine  on  isoprimary  amylic  chloride  and  on  amylenic  chloride  (Bauer),  but 
little  is  known  of  these  compounds.  By  the  action  of  chlorine  in  bright  sunlight, 
according  to  Cahours,  the  pentane  from  petroleum  is  finally  converted  into  the 
compound  G^fi\. 

(1197)  Haloid  Derivatives  of  the  Remaining  Paraffins. — Very 
few  of  the  haloid  derivatives  of  the  remaining  hydrocarbons  of  the  CnHgn^, 
series  have  been  obtained  in  a  state  of  purity.  By  the  action  of  chlovine 
on  the  various  paraffins  which  they  isolated  from  American  petroleum, 
Pelouze  and  Cahours  prepared  the  corresponding  monochlorinat«d  paraffins; 
Schovlemmer's  researches  (Ann.  Chem.  Pharm.,  clxi.  263),  however,  justify  the 
conclusion  that  the  products  they  obtained  were  mixtures  of  isomeric  compounds. 
A  number  of  the  dibromo-derivatives  have  been  prepared  by  combining  the 
olefines  with  bromine. 

(1 198)  Hexane  Derivatives. — In  addition  to  the  monochlorinated  com- 
pounds formed  by  the  action  of  chlorine  on  normal  hexane  (Pelouze  and  Cahonrs, 
Schorlemmer),  a  monochlorhexane  or  hexylic  chloride^ 

CH3.CH(CH,).CH,.CHC1.CH8, 
boiling  at  about  120°  (248°  P.),  is  known,  which  is  prepared  from  the  iso- 
primary hexylic  alcohol  from  mannite ;  moreover,  tertiary  hexylic  chlorides  have 
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been  obtained  by  the  action  of  phosphonis  pentachloride  on  methyl-diethyl- 
carbinol,  C(CH,)(C,H J,OH ;  and  propyl-dimethyl-carbinol,  C(C,H,)(CH,)pH  ; 
the  former  boils  at  no®  (230°  F.),  the  latter  at  100°  (2 1 2°  F.), both  b«ing  par- 
tially decomposed,  however  (Batlerow).  By  the  action  of  chlorine  on  the  hexane 
diiflopropyl,  Schorlemmer  obtained  a  chlorohexane  boiling  at  124°  (255°"2  F.) ; 
SiWa  (DeuL  chem,  Ges,  Ber,,  vii.  953)  finds  that  an  isomeric  body  boiling  at  11 8° 
(244°'4  F.)  is  alno  produced.  The  former  is  probably  represented  by  the  formula 
CH,.CH(CH,).CH(Cig.CH,Cl,  the  latter  by  CH3.CH(CH3).CC1(CH,).CH,. 

According  to  Pelouze  and  Cahours,  the  final  product  of  the  action  of  chlorine 
in  bright  sunlight  on  petroleum  hexane  is  hexachlorohexane,  O^H^Cl,;  this 
observation  has  been  confirmed  by  Schorlemmer  (Pror.  Roy.  80c. ,  xviii.  32). 

a-Iodhexane,  or  narmal  primary  heaylic  iodide,  CHj.(CHj)^.CH,I,  prepared 
from  normal  primary  hexylic  alcohol, boils  at  I79®*S  (355°  F.)  ;  sp.  gr.  I  "411  at 
I7''5  (63°*5  F.).  Isoprimary  hexylic  iodide^  from  fermentation  hexylic 
alcohol,  [?CH,.CH(CH3).CH,.CH,.CHJ1,  boils  at  172^—175''  (34i°-6— 347° 
P.).  Normal  secondary  hexylic  iodide,  C(CH,)  (C^H,)  HI,  which  is  obtained  by 
the  action  of  hydriodic  acid  on  the  hexahydric  alcohol  mannite : 

C.H.(OH).   +   iiHI   -  C,HJ    +   60H,  +'5!,, 

Mannite.  Hexylic  iodide. 

boik  at  i67*»-5  (333^-5  F.)  ;  sp.  gr.  1-447  at  0°  (32°  F.). 

Dibromohexane,  CH,.CH.CH,.CHj,CHBr.CHjBr,  formed  from  hexylene  and 
bromme,  boils  at  195''— 197^  (383°— 386°-6  F.);  sp.  gr.  1*605  at  o**  (32°  F.), 
1-580  at  19°  (66'**2  F.)     (Hecht  and  Strauss,  Ann,  Chem.  Pharm.,  clxxii.  62). 

(JI99)  Heptane  Derivatives. — A  number  of  monochlorheptanes  have 
been  obtained  by  the  action  of  chlorine  on  the  heptanes,  and  by  combining  the 
beptylenes  with  hydrochloric  acid.  (Schorlemmer,  Ann,  Chem.  Pharm.,  clxi. 
278 ;  Jbum,  Chem.  /Soc.,xxvi.  319.)  Butlerow  has  also  prepared  the  compounds 
CH,.C(CH,),.C(CH,),C1  and  CH,.C(CH,),.C(CH,),I  from  the  alcohol  dimethyl- 
tertiary-bntylcarbinolCH,.C(CH,),.C(CH,),.OH;  both  are  white  camphor-like 
Bobstances  (Deut  chem,  Ges.  Ber.,  viii.  166). 

Dichloroheptancy  CyH,^Clj,  is  produced  by  the  action  of  phosphoric  penta- 
chloride on  heptylic  or  cenanthylic  aldehyde;  it  boils  at  190**  (374°  F.)  (Lim- 
pricht,  Ann,  Chem,  Pharm,,  cii.  80). 

(1200)  Octane  Derivatives. — ^The  following  mono-derivatives  have 
been  prepared  by  the  usual  methods  from  normal  primary  octylic  alcohol, 
CH,(CH,),.CH,.OH  (Zincke,  Ann,  Chem,  Pharm.,  clii.  l) ; 

B.P.  (Cent)  8p.  Gr. 

MoDochloTOctane  or  octylic  chloride     ..•      l8o°'5  ...      '880  at  16* 

Monobromoctane         „       bromide     ...      199^  ...  1*116  at  16° 

Moniodoctane  „       iodide        •••     221°  ...  1*338      „ 

The  normal  secondary  octylic  alcohol,  methyl-hexylcarbinol, 

C(CHJ(C.HJH.0H, 

yields  a  chloroctane  which  boils  at  171° — 173°  (339"'8  -  343*''4  F.)  (Neison)  ; 
the  corresiponding  bromo*  and  iodo-derivatives  decompose  partially  on  distillation. 
Butlerow  has   obtained  a  tertiary  octylic  chloride,   boiling  at  about    155*^ 
(311^  F.),  from  propyl-diethylcarbinol,  C(C3H,)(C,H3).pH. 

(1201)  Hex  AD  EC  AN  E  Derivatives.  —  Monochlorhexadecane,  or  cetylic 
chloride,  prepared  by  the  action  of  phosphoric  pentachloride  on  cetylic  alcohol,  is  a 
eolourless  liquid,  di«tilling  above  200°  (392°  F.)  with  psrtial  decomposition. 
The  corresponding  bromo-  and  iodo-derivatives  are  crystalline  bodies,  melting  at 

15°  (59°  F.)  and  22°  (7i°-6  F.)  respectively.  Digitized  by  GoOgk 
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(1202)  The  following  is  a  list  of  the  known  mononitroparaffins  : 


B.P.  (Cent.) 

Nitromethane 

CH,.NO, 

101° 

Nitroethane 

CH,.CH,.NO, 

in°-ii3' 

Nitropropane  (primary)  .     . 

CH,.CH,.CH,.NO, 

I2S°-I27^ 

„             (secondary)     . 

CH(CHJ,.NO, 

ii5«-ii8^ 

Nitrotetrane  (isoprimary)     . 

CH(CH,)3.CH,.N0, 

137-140- 

„           (tertiary)     .     . 

C(CH.)3.N0. 

— 

Nitropentane  (isoprimary)    . 

CH(CHJ,.CH,.CH,.NO, 

148'— i6o° 

These  compounds  have  all  heen  obtained  by  V.  Meyer  and  his 
students*  by  the  action  of  the  corresponding  iodoparaffins  on 
argentic  nitrite ;  but,  except  in  the  case  of  the  methane 
derivative,  the  metameric  nitrite  (nitrous  ether)  is  always  pro- 
duced at  the  same  time,  so  that  if  x  be  the  amount  of  nitro- 
paraflSn,  and  y  the  amount  of  nitrite,  which  is  formed,  the  re- 
action may  be  represented  thus : 


(X  +  J,)  C^H^^,I  +  (ar +5^)AgN0,  = 


+  (a;+^)  AgL 


fitC,H,-Nf2 
(*  +  y)C,H.I  +  (x  +  y)AgNO.  =  I     Nit™eU»n..    ^" 

J^SlSdid'..  ATgentto  nitrite.       Lc.H.-0-N  =  0 


EthjUc  nitrite. 


+  (a?  +  ;y)  Agl. 
Argentic  iodide. 


Nitromethane  has  also  been  obtained  by  the  action  of  potassic 
nitrite  on  monochloracetic  acid  (Kolbe ;  Preibisch,  Jowm,  pr. 
Chem.  [2]  viii.  309).  In  this  case  probably  the  first  action  con- 
sists  in  the  formation  of  a  nitroacetic  acid : 

CHjjCl.COOH  +  KNO3  =  CH3(N02).COOH  +   KCl; 

Chloracetio  acid.  Nitroaoetio  acid. 

which  is  then  resolved  into  nitromethane  and  carbonic  anhydride  : 
CH2(N02).COOH   =  CHg.NOj,  +   CO^. 

Nitroacetic  acid.  Nitromethane. 

The  mononitroparaffins  are  colourless,  highly  refractive 
mobile  liquids  of  peculiar  odour,  which  are  insoluble  in  water ; 
they  distil  without  decomposition,  and  their  vapours  are  not  ex- 


*  JDeut  chem.  Ges.  Ber,,  v.  203,  399,  514,  1029,  1034;  vi.  94.  1168, 
1492  ;  vii.  425,  670,  709,  712,  786,  790,  916,  962.     A7%n,  Chem,  Fharm,, 

clxxL  I  i  clxxv.  88.  C^ninin]i> 
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plosive.  The  most  characteristic  reaction  which  they  exhibit  is 
their  conversion  into  the  corresponding  amidoparaffins  or  primary 
monamines  when  treated  with  reducing  agents : 

C.H^^i.NO,   +  3H,  =  C„H^+i.NH,  +  aOHj. 

+  3H,  =     C,H,.NH,     +  aOHg. 


C,H,.NO, 

Nitroethane. 


AmidoeUumg  or  ethjUmiiM. 


Most  of  them  yield  metallic  derivatives.  Thus,  on  adding  an 
alcoholic  solution  of  sodic  hydrate  to  nitromethaue,  to  nitroethane, 
or  to  the  nitropropanes,  a  white  precipitate  of  the  corresponding 
monosodium  derivative  is  produced ;  nitroethane,  for  example, 
yielding  sodium  nitroethane : 

C2H5.NO3   +  NaOH   =  CgH^Na-NO^  +   OH3. 


NitroethAM. 


Bodlttm  nitroethane. 


Isoprimary  nitrotetrane  does  not  yield  a  precipitate  under  these 
drcmnstances,  although  it  is  soluble  in  potassic  hydrate  solution, 
,  and  may  be  precipitated  unchanged  by  the  addition  of  an  acid  ; 
in  fact,  the  tendency  to  form  metallic  derivatives  diminishes  as  the 
series  is  ascended:  for  instance,  tertiary  nitrotetrane  and  isoprimary 
nitropentane  dissolve  in  an  aqueous  solution  of  potassic  hydrate 
Ofnly  after  long  continued  agitation,  whereas  the  lower  homologues 
dissolve  at  once.  The  aqueous  solutions  of  the  sodium  derivatives 
of  the  nitroparaffins  yield  characteristic  precipitates  with  the 
various  metallic  salts : 


1 
1                     Mercaric 
chloride. 

1 

Mercoroos 
nitrate. 

Ferric 
chloride. 

Baric 
chloride. 

Cupric 
aolphate. 

Plumbic 
acetate. 

Argentic  nitrate. 

.    Bodiom       PaleyeUow 

■     nitnv-          pp.  (very 

methme.      eiplosive). 

Black 
floocalent  pp. 

Dark  red- 

No  pp. 

• 

Leaf-green 
PP- 

Vniite  pp. 

Yellow  pp.  which 
blackens  almost 

Sodiom     {  White  cryt- 
nittoethaneJ  taUinepp. 

Dirty 
grey  pp. 

Blood  red 
coloration. 

No  pp. 

Deepirreen 
coloration. 

No  pp. 

White  pp.  which 
Boon    becomes 
brown. 

Sodhim      White  crys- 
oitiopropane;    tallinepp. 

Black 
floocalent  pp. 

Blood  i«^ 
coloration. 

No  pp. 

Deep  green 
coloration. 

White  pp. 

White  pp.  which 
gradually  be- 
comes brown. 

Sodium       White  crye- 
sitropropttoe    talline  pp. 
(MeoiidaTy).j 

Black 
floecolentpp. 

Blood  red 

No  pp. 

Deep  green 
coloration. 

No  pp. 

Pale  yellow  pp. 
which  rapidly 
blackens. 

When  nitromethane  is  heated  with  concentrated  sulphuric 
acid,  hydroxylamine  and  carbonic  oxide  are  produced;  nitro- 
ethane similarly  treated,  furnishes  hydroxylamine  and  acetic 
acid,  thus : 
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O 

CHj.C|H,.NO  +  fl|OH  =   HjN.OH  +  CH,.COOH. 

Nitroethane.  Hydroxylamine.  Acetic  add. 

Nitromethane  undoubtedly  yields  in  the  first  place  hydroxylamine 
and  formic  acid;  the  latter,  however,  is  resolved  into  carbonic 
oxide  and  water  by  the  sulphuric  acid.  If  hydrochloric  acid 
be  employed,  formic  acid  is  actually  obtained ;  in  fact,  all  the 
primary  nitroparafBns  yield  the  corresponding  acid  of  the  acetic 
series  and  hydroxylamine  when  heated  with  hydrochloric  acid. 
When  nitroethane  is  heated  with  phosphorous  acid,  the  hydroxyl- 
amine is  reduced,  and  acetic  acid  and  ammonia  are  obtained,  the 
phosphorous  acid  being  oxidized  to  phosphoric  acid. 

According  as  the  mononitroparaffins  are  formed  from  moniodo- 
paraflSns  derived  from  primary,  secondary,  or  tertiary  alcohols  of 
the  CnHgn+i-OH  series  they  may  be  classed  as  primary^ 
secondary,  or  tertiary  compounds,  and  distinguished  by  the  fol- 
lowing general  formulae : 

C„H^^,.CH,.NO,;    (C^H^^O.QH.NO,;     (C^H^+OsCNO,. 

Primary  nitroparaffln.  Secondary  nitroparafian.  Tertiary  nitroparaffin. 

CH,.CH,.NO,         (CH3),CH.N0,         (CH,)3C.N0j. 

Nitroethane.  Secondary  nitropropane.  Tertiary  nitrotetrane. 

The  three  classes  are  characterized  in  the  following  manner : — 
When  a  molecule  of  bromine  is  added  to  an  aqueous  solution  of 
one  molecule  of  the  potassium  derivative  of  a  primary  mononitro- 
paraffiu,  an  oil  is  obtained  which  is  a  mixture  of  the  nitroparaffin 
with  a  mono-  and  a  dibromo-derivative ;  a  solution  of  the 
potassium  derivative  of  a  secondary  paraffin  thus  treated,  however, 
yields  as  sole  product  the  monobromonitroparaffin.  This  behaviour 
is  easily  explained  as  follows  : — Bromine  has  no  action  on  the 
nitroparaffin  alone,  but  when  potassium  primary  nitropropane, 
for  example,  is  acted  upon,  a  portion  of  it  is  converted  into 
bromonitropropane : 

CH3.CH3.CHK.NO3   +   Brjj  =   CH8.CH3.CHBr.NO2  +   KBr. 

Potassium  nitropropane.  Bromonitropropane. 

The  compound  thus  produced  has  a  stronger  tendency  to  form 
metallic  derivatives  than  even  the  nitroparaffin,  and  acts  upon  a 
portion  of  the  potassium  nitropropane  still  present,  forming  nitro- 
propane and  potassium  bromonitropropane : 

CH,.CH,.CHBr.NO,  +  CH,.CH,.CHK.NO,  =^  CH3.CH,.CBrK.N0,  +  CH,.CH,.CH,.NO.. 

Bromonitropropane.  FotaaBiom  nitropropane.    Potassium  bromonitropropane.  Nitropropane. 

The  potassium  bromonitropropane  is  in  turn  converted  by  the 
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bromine  into  dibromonitropropane,  which,  however,  has  no  ten- 
dency to  form  metallic  derivatives,  and  is  not  further  acted  upon  : 

CH3.CHj.CBrK.NO2   +   Brg  =   CH3.CH2.CBr2.NO3   +    KBr. 

FiotMHiiim  bronumitropropane.  Dibromonitropropane. 

On  the  other  hand,  potassium  secondary  nitropropane  is  con- 
verted by  the  action  of  the  bromine  into  the  secondary  bro- 
monitropropane,  which  does  not  form  metallic  derivatives,  and 
therefore  is  not  further  acted  upon : 

(CH3)2CK.N02  +  Brg  =   (CH3)2CBr.N02   +    KBr. 

Foteaiam  secondaxy  nitropane.  Bromonitropropane. 

It  would  appear,  therefore,  that  only  those  nitroparaffins  are 
capable  of  yielding  metallic  derivatives  in  which  a  part  of  the 
hydrogen  is  united  with  the  carbon  atom,  which,  it  may  be  sup- 
posed, is  in  union  with  the  strongly  negative  NOg  group.  The 
fact  that  the  tendency  to  form  metallic  derivatives  diminishes  as 
the  series  is  ascended,  may  be  explained  by  supposing  that  the 
hydrocarbon  group  or  radicle  of  the  form  CnHgn+i,  as  it  becomes 
more  complex  and  proportionately  richer  in  carbon,  acquires 
a  more  negative  character,  and  thus  tends  more  and  more  to 
neutralize  the  negative,  or,  as  it  may  be  termed,  acidifying  in- 
fluence of  the  NO3  group. 

The  primary  mononitroparaffins  are  also  characterized  by 
their  behaviour  with  nitrous  acid,  which  converts  them  into  so- 
called  nilrolic  acids.  If,  for  example,  nitroethane  is  dissolved 
aloDg  with  potassic  nitrite  in  an  aqueous  solution  of  potassic 
hydrate,  and  dilute  sulphuric  acid  is  added,  a  magnificent  blood- 
red  coloration  is  at  first  produced,  which  disappears  as  soon  as 
the  solution  becomes  acid ;  the  ethylnitrolic  acid  which  is  formed 
can  then  be  extracted  by  ether.  The  reaction  may  be  repre- 
sented by  the  following  equation  : 

C2H5.NO,   +  NOgH   =   CgH.N.Og   +   OH,. 

NitrMthane.  Ethylnitrolio  acid. 

Nitrous  acid  alone,  however,  has  no  action  on  nitroethane,  and 
it  appears  to  be  an  indispensable  condition  in  the  formation  of 
the  nitrolic  acid,  that  the  uitroparaffin  be  brought  into 
contact  with  the  nitrous  acid  at  the  moment  the  latter  is  set  free. 
Ethylnitrolic  acid  may  also  be  produced  by  the  action  of 
hydroxylamine  on  dibromonitroethane,  thus : 


JNO, 


CHyCj^;-*  +  NH,.OH  =  CH,.C 

IXbromonitroeUune.        HydroxjUmliiA,  Ethjlnitrolic  acid. 


ifN%"  +  '^^'' 
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The  acid  character  of  the  so-called  nitrolic  acids  is  thus  shown 
to  be  due  to  their  containing  the  OH  group.  Their  formation  from 
the  primary  nitroparaffins  may  be  thus  represented : 

C„H,„+i.CH2.N02  +  NO.OH  =  C,H2,+i.C(N.OH).N02  +  OH^^. 

Primary  nitroparaffin.  NUroos  acid.  Nitrolic  add. 

(i  303)  Eihylnitrolic  acid,  C.H^O,  =  CH^.C  (N.OH).NO,,  crystallizes  in  large 
yellow  prisms  resembling  saltpetre  crystals ;  it  has  an  intensely  sweet  taste  and 
strongly  acid  reaction.  Like  the  other  nitrolic  acids,  it  is  readily  soluble  in  all 
ordinary  solvents  :  its  solution  in  alkalies  has  a  deep-red  colour.  The  metallic 
derivatives  of  the  nitrolic  acids  have  not  as  yet  been  obtained  in  a  state  of  purity, 
since  they  are  exceedingly  unstable  bodies. 

Ethylnitrolic  acid  melts  at  8i°— 83**  (lyy'^-B— i8i°-4  F.),but  is  at  the  same 
time  decomposed  into  acetic  acid,  nitric  peroxide,  and  nitrogen.  By  water,  and 
still  more  readily  by  concentrated  sulphuric  acid,  it  is  resolved  into  acetic  acid 
and  nitrous  oxide ;  this  decomposition,  however,  takes  place  in  two  stages,  thus : 

CH,.C(N.OH).NO,   +    2OH,   =   CH,.COOH   +    HNO,.    +   NH,.OH ; 

Ethjiuitrolicadd.  Acetic  acid.  Nitrous  acid.       Hydroxjlamine. 

NH,.OH   +    HNO^   =   N,0   +    2OH,. 

When  an  aqueous  solution  is  treated  with  sodium-amalgam,  acetic  acid,  nitrouA 
acid  and  ammonia  are  produced.  In  this  case  also,  hydroxylamine,  acetic  acid, 
and  nitrous  acid  are  probably  formed  in  the  first  instance  by  the  action  of  the 
water,  but  the  hydroxylamine  is  simultaneously  reduced  to  ammonia : 

NH,.OH    +    H,   c=   NH,   +   OH,. 
For  we  find  that  when  ethylnitrolic  acid  is  reduced  by  tin  and  hydrochloric 
acid,  acetic  acid  and  hydroxylamine  are  obtained : 

CH,.C(N.OH).NO,  +  OH,   +   2H,   =   CH,.COOH   +    2NH,.0H. 

Ethylnitrolic  add.  Acetic  acid.  Hydroxylamine. 

(1204)  The  secondary  nitroparaffins  behave  in  an  entirely 
different  manner  with  nitrous  acid.  For  instance,  on  the  addi- 
tion of  dilute  sulphuric  acid  to  the  solution  of  secondary  nitro- 
propane,  (CH3)2CH.N02,  in  potassic  hydrate  mixed  with  potassic 
nitrite,  a  magnificent  blue  colour  is  developed,  and  a  white  crystal- 
line substance  separates.  This  compound,  propylpseudonitroly 
C3HgN203,  has  the  same  empirical  formula  as  the  prupylnitrolic 
acid  from  primary  nitropropane,  but  possesses  totally  different 
properties,  being  insoluble  in  water  and  alkalies;  it  is  soluble, 
however,  in  warm  alcohol  or  chloroform,  forming  a  magnificent 
blue  solution.  It  is  decomposed  when  heated  to  a  few  degrees 
above  its  melting  point  76°  (i68°-8  F.).  When  oxidized  by 
chromic  anhydride,  it  is  converted  into  dinitropropane,  Cq11^(NOc^^. 
Most  probably  propylpseudonitrol  is  a  ni/ro«o- jiitro-derivative  of 
propane,  and  its  formation  from  secondary  nitropropane  would 
then  be  represented  in  the  following  manner : 

(CH3)2CH.N02  +    HO.NO  =  CHj.cP^ 

Secondary  nitropropane.  Nitrooa  acid.  Nitrosonitroprop 


NO3  "^  ^^«- 


rmtropropane^-^ 
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Higher  nitro'derivatives  of  the  Paraffins. 

(1205)  Tbinitromethanb,  or  Niteofoem,  CH(NO^),. — The  ammonium 
deri7ati?e  of  this  body  is  obtained  on  boiling  the  so-called  trinitroaoetonitrile 
(1223)  ^^^  water : 

C.(NO,),N   +    2OH,   =   C(NO,),(NHJ   +   CO,. 

Trinitroaoetonitrile.  Ammonium  trinitromethane. 

The  prodact  is  then  shaken  with  sulphuric  acid  and  the  nitroform,  which 
floats  as  an  oil  on  the  snr&ce  of  the  acid,  is  separated.  Below  1 5°  (59°  F.).  nitro- 
form  is  a  colourless  crystalline  solid,  which  is  moderately  soluble  in  water.  It 
cannot  be  distilled,  and  when  rapidly  heated  explodes  with  violence.  It  has 
marked  acid  properties,  and  yields  a  variety  of  metallic  derivatives,  most  of  which 
are  ciystalline. 

(1206)  Tetbanitbom ETHANE,  C(NO,)^,  is  prepared  by  heating  nitroform 
with  faming  nitric  acid  and  sulphuric  acid  to  100°  (212°  E.).  It  is  liquid  at 
the  ordinary  temperature,  but  solidifies  at  13°  (55°*4  F.) ;  it  is  insoluble  in 
water.  Tetranitromethane  is  said  to  distil  without  decomposition  at  126^ 
(258'*-8  F.)  (Schisckoff,  Ann,  Chem,  Fharm,,  ciii.  364  and  cxix.  247). 

(1207)  DiKiTBOPBOPANE,C,H,(NOg)2  =  CH,.C(NOj)3.CH,,  which  is  formed 
by  oxidizing  nitrosonitropropane,  is  a  white  crystalline  substance  closely  re- 
sembling camphor  in  appearance.  It  melts  at  53°  (127^4  F),  and  boils  at 
i^S^'S  (366^  F.)  without  decomposition.  It  is  scarcely  soluble  in  water  or 
alkalies,  bat  dissolves  easily  in  alcohol  and  ether.  It  volatilizes  with  the 
greatest  readiness  in  a  current  of  steam,  and  sublimes  even  at  the  ordinary 
temperatare.  By  the  action  of  tin  and  hydrochloric  aoid,  it  is  converted  into 
acetone  and  hydroxylamine : 

CH,.C(N0J,.CH3  +4H,  =  CH,.CO.CH,   +   2NH,.0H   +   OH,. 

IMnitropropane.  Acetone.  Hydroxylamine. 

(1208)  Teinitbopbopakb,  C,H,(N0,),  =  CH,(N0,).CH(N05).CH,(N0,),  is 
formed  by  the  action  of  d-tribromopropane  or  ally  lie  tribromide  on  argentic  nitrite. 
(Brackebu^Msh,  Deut.chem.  Ges.  Ber.,  vi.  289.)  It  boils  at  190** — 200°  (376** 
*— 392^  F.).  By  the  action  of  an  alcoholic  solution  of  pot&ssic  hydrate  it  is 
converted  into  a  tripotassium  derivative,  C,H,K,(NOj),,  and  when  reduced  by  iron 
and  acetic  acid  yields  triamidopropane  or  glyceryl-triamine,  CjH^(NH,),. 

Haloid  jUtro-derivatives  of  the  Paraffins, 

(1209)  The  following  have  been  obtained: 

B.P.  (Cent.) 

Chloronitromethane CH,C1N0,  122° — 123** 

Trichloronitromethane  or  chloropicrin    .     .  CC1,N0,  j  1 2® 

Dichlorodiuitromethaue  (Marignac's  oil  P)  .  C01,(N02)2  — 

Bromonitromethane CH^BrNO,  143® — 144° 

IMbromonitromethane CHBr,NO,  155°— 160** 

Tribromonitromethane  or  bromopicrin    .     .  CBr,NO,  — 

Bromotrinitromethane  or  bromonitroform    .  CBr(NO,),  — 

Bromonitroethane CH,.CHBrNO,  145^—148° 

Dibfomonitroethane CH,.OBr,NO,  162°— 164"* 

Triehlorodibromonitroethane CCl^Br^NO^  — 

Trichlorodinitroethane 0,C1,(NO,),  — 

Bromonitropropane  (primary)      ....  CH,,CH,.CHBrNO,  155"*— i6s*» 

Dibromonitropropane      „ CH,.CH,.CBr,NO,  184°— 186*' 

Bromonitropropane  (secondary)    ....  (CH3)2CBrNO,  148° — 150° 

Dibromonitrotetrane  (isoprimary)      .     .     .  CH(CHJ,.CBr,NO,  ^^T^J^ilp 
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(i2io)  Chloboniteomethanb,  CHjClNO,. — ^Nitromethane  is  not  attacked 
by  chlorine  even  in  the  sunshine,  but  by  the  action  of  chlorine  on  sodium  nitro- 
methane  ohloronitromethane  is  readily  produced  (Deut.  chem.  Oes.  Ber.,  viiL 
608).     It  is  a  colourless  liquid,  which  possesses  a  very  pungent  irritating  odour. 

(12 11)  Teichlokoniteomethane,  or  chloropicrin,  CNOjCl,. — This  body 
is  produced  whenever  nitro-compoands  are  distilled  with  bleaching  powder  and 
water,  and  is  also  formed  when  trichloromethane  or  cliloroform,  CHCl,,  is  heated 
with  concentrated  nitric  acid  to  1 00**  (212°  F.)  (Mills,  Joum.  Chem.  Soc.,  xxiv. 
641).  It  is  best  prepared  by  distilling  trinitrophenol  or  picric  acid  (i  part)  with 
bleaching  powder  (10  parts),  and  water  (50  parts)  ;  in  fact,  it  was  first  obtained 
in  this  way  by  Stenhouse,  and  was  from  this  circumstance  called  chloropicrin. 
Trichloronitromethane  is  a  transparent,  colourless,  highly  refractive  liquid,  of 
sp.  gr.  i'66  ;  it  has  a  peculiar  pungent  odour,  and  attacks  the  nose  and  eyes 
most  violently.  It  is  insoluble  in  water.  When  reduced  with  iron  filings  and 
acetic  acid  it  is  converted  into  amidomethane  or  methylamine : 

CC1,.N0,  +   6H,  =   CH,.NH,    +   2OH,  +   3HCI; 

but  when  heated  with  hydriodic  acid  solution  (sp.  gr.  1*58),  it  is  decomposed 
in  the  following  manner  (Mills) : 

CCl.NO,  +   6HI   =   CO,  +   NH.Cl  +    2HCI  +   3I,. 

By  heating  trichloronitromethane  with  a  solution  of  potassic  cyanide,  Basseti 
(Joum,  Chem.  Soc,  xix.  352)  obtained  a  substance  which  he  regards  as  dichloro' 
cyanonitromethane,  CCl,,  (CN)  NO^. 

(i2T2)  DiCHLOBODiNiTBOMETHAiJE,  CClj(NO,)j. — When  the  mixture  of 
chlorinated  naphthalenes,  formed  by  passing  chlorine  into  naphthalene  until  a 
buttery  mass  is  obtained,  is  heated  with  nitric  acid,  a  substance  is  produced 
known  as  Marignac's  oil;  it  is  probably  dichlorodinitromethane.  It  closely 
resembles  chloropicrin,  but  cannot  be  distilled  without  undergoing  decomposition. 
Hydriodic  acid  acts  upon  it  in  the  following  manner  (Mills) : 

C(NO,),Ci,  +  7HI  =  NH,  +  NO  +  OH,  +  2Ha  +  CU,  +  7I. 

(12 13)  Beomoteiniteomethane,  CBrfNOj)^,  is  produced  by  the  action  of 
bromine  on  trinitromethane  or  its  mercury  derivative.  It  is  a  liquid,  but 
solidifies  at  12°  (53°'6  P.)  to  a  crystalline  solid ;  it  is  decomposed  on  distillation. 

(1214)  Teichloeodibbomoniteoethane,  Cj,Cl3Br.j(5fOJ ;  TeicHloeo- 
TEiNiTBOETHANE,  C,Clg(NOj),. — According  toHoch  {Joum.pr,  Chem.  [2]  vi.  95), 
when  tetrachlorethylene,  CjCl^,  is  acted  upon  by  a  mixture  of  concentrated 
nitric  and  sulphuric  acids,  a  nitrotrichlorethylene,  CClgNO,  is  produced ;  by 
heating  with  bromine  and  liquid  nitric  peroxide  respectively,  this  is  converted 
into  the  compounds  Cl^Br^NO^,  and  C,C1,(N0J,. 

(12 1 5)  The  remaining  nitrobromoparaffins  are  obtained  by  the  action  of 
bromine  on  the  nitroparaffins  in  the  manner  already  indicated.  TVibromo- 
nitromethane  is  most  readily  prepared,  however,  by  distilling  trinitrophenol  with 
bromide  of  lime : — 4  parts  of  lime  are  slaked  with  50  of  water,  and  when  the 
mixture  is  quite  cold,  6  parts  of  bromine  are  gradually  added  with  constant 
agitation,  great  care  being  taken  to  prevent  any  rise  of  temperature ;  i  part  of 
trinitrophenol  is  then  added,  and  the  mixture  rapidly  distilled  from  a  metal 
vessel,  such  as  a  tin  oil-can  (Bolas  and  Groves,  Joum,  Chem,  Soc,,  1870,  I53)« 
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CvANO-DERIVATrVES    OF    THE    PaBAFFINS. 

(1216)  When  bromethane  or  iodethane  is  heated  with  potasnc 
cyanide,  or  when  a  dry  mixture  of  potassic  cyanide*  and  potassic 
ethylic  sulphate  is  submitted  to  distillation^  the  product  consists 
mainly  of  a  cyanethane,  or  ethylic  cyanide,  which  yields  propionic 
acid  and  ammonia  when  heated  with  water,  in  the  presence  either 
of  an  acid  or  of  an  alkali ;  thus : 

CjHgBr   +   KCN  =  C^Hg.CN   +   KBr. 

BromeUume.  Qjauethaae. 

CjHj.KSO^  +  KCN  =  CgHj.CN  +   K^SO^. 

FOteuie  ethjlic  sulphate.  Cyanetliane. 

CjHj.CN  +  aOHj  =  CjHj.COOH  +  NH,. 

Qjanathane.  Propionic  acid. 

Gautier  has  shown,  however,  that  if  iodethane  be  heated  with 
argentic  cyanide,  and  the  product  distilled  with  a  potassic  cyanide 
solation,  an  isocyanethane,  or  isoethylic  cyanide,  is  produced, 
which  furnishes  formic  acid  and  ethylamine  when  decomposed 
with  water  in  the  presence  of  an  acid  : 

C^H^I  +  aAgCN  =  C3H,(CN).AgCN  +  Agl; 

CgHj(CN).AgCN+    KCN    =         C^Hg.CN        +  AgCN.KCN, 

CjHg.CN  +    stOHj    =         CjHj.NHj       +  H.COOH. 

Isocjaoethaiie.  Ethylamine.  Formic  add. 

In  both  cases  the  two  cyanethanes  are  produced,t  but  in  the 
former  the  product  consists  mainly  of  cyanethane,  whilst  in  the 
latter  it  consists  almost  entirely  of  isocyanethane.  Cyanethane 
is  obtained  in  a  state  of  purity  when  propionamide  is 
distilled  irith  phosphoric  anhydride  or  phosphoric  pentasul- 
phide : 

CjHg.CO.NHj,   +   PjOg  =   C3H5.CN   +   2HPO3. 

Fropionamide.  ^^^^^  Cyanethane.  Metap^ofphoric 


*  PotaMic  ferrocyanide  may  be  adyantageoudly  employed  ixutead  of  potassic 
cjanide. 

t  The.  behaTionr  of  other  cjaDides  with  the  monohaloid  para£Bns  has  not 
hitherto  heen  sufficiently  studied :  the  proportion  in  which  the  two  cyano- 
derivatives  are  produced  appears,  however,  to  vary  both  with  the  nature  of  the 
reacting  substances  and  the  conditions  of  experiment. 
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On  account  of  its  formation  in  this  way,  cyanethane  is  often 
termed  propionitrile,^  since  it  may  be  regarded  as  a  derivative  of 
ammonia,  in  which  the  3  atoms  of  hydrogen  have  been  displaced 
by  the  triad  radicle  (CgH^.C^^)'". 

A  method  has  been  discovered  by  Hofmann  which  yields 
isocyanethane  exclusively.  When  ammonia  acts  upon  trichloro- 
methane  in  presence  of  potassic  hydrate,  hydric  cyanide  is  formed, 
thus  : 

HCCI3  +  NH3  +  3KHO  =  HCN  +  3KCI  +  3OH2. 

If,  however,  the  primary  monamine,  ethylamine,  be  substituted  for 
ammonia,  isoethylic  cyanide  or  isocyanethane  is  produced  : 

CHCl,  +  CjHjNH,  +  3KHO  =  C,H5.NC  +  3KCI  +  3OHJ. 

Ethylamine.  Isoujanethone. 

On  account  of  the  relation  which  it  bears  to  ethylamine,  isocyan- 
ethane is  also  termed  ethylcarbamine. 

Judging  from  the  manner  in  which  the  two  cyanethanes  are 
formed  and  their  behaviour  when  treated  with  various  reagents, 
they  may  be  represented  by  the  formula  : 


C*^ 


CoHk  ,r>l    TT  A>1  -VT  TkT/r/fCoH 


jjC  or  C,H,-C=N;  N" 


p„  5  or  C^K,-tJ=C. 


Cyaiiethane  or  Propionitrile.  Isocyanethane  or  Ethylcarbamine. 

All  the  methods  of  preparing  the  two  cyanethanes  which  have 
been  mentioned  may  be  generalized,  and  thus  a  series  of  com- 
pounds may  be  produced  bearing  the  same  relations  to  the 
paraffin  methane  and  its  homologues,  that  the  cyanethanes  bear 
to  ethane. 

(1217)  The  following  is  a  list  of  the  known  monocyanoparaffins : 

Cyanoparaffifu  ar  Nitriles :  CnH2n+i— C^N. 

B.  P.  (Cent.)  Sp.Gr. 

Cyanomethane  or  acetonitrile     .     CH3.CN  81—82^  "jg 

Cyanethane  or  propionitrile  .     .     CHj.CH^.CN  96** — 97* 

^driT'  ^"'^'^^°';^';^^]  }  CH..CH,CH..CN  ii5''-i.7'' 

'^Z^^^^t^'^\'"'!^.  \  CH  W,CN  X07--X08- 
^CSr:*  ^""""^^  !'  :""  }  CH,CH,CH..CH..CN  x4X°         -8x6  at  o' 

^ToSf':""!^!".^  }  CH(CHJ..CH,CN  x.6'-x.8-    -8..  at  o' 


*  The  tertiary  monamines  of  the  form  N  Bf"  are  commonly  termed  niirile 
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B.  P.  (Cent)         Sp.  Or, 

"^^S^Sr' .  "  }  C  W,CN  about  xo3»  (P) 

Cywopentane     (i«.prim«ry)  I  ch(CH  )  .CH..CH.CN  146° 

or  isocapronitnie     .     .     .  j        \      s/i.        i    ^  ^ 

^ZffhLSSl  "!  }  0(CH.).C,H.CN 

"^SrloSl^"".""!  -}CH,(CHJ,CH,CN         x94°-.96' 
Cyanoctane    (normal    .econ- )     ,™w^,jjvggjj  ^^„ 

dary)  or  pelargonitrile      .  j     ^      «/\  e    i»/ 
Cyanohexadecane  or  t  r  tr    CN 

margaronitrile  .     .     .     .  j     "    »** 

Isocyanoparaffins  or  Qarhamimes  :  CnH2n+i  -  N  =  C. 

^wS^*     **'     "'•*^y'-lcH,.NC  58-59"     -755  at  14° 

iBocjanethane  or  ethylcarbamine     CH,.CH,.NC  78°— 79°      758  at  4° 

bocyanoprepane    (primary)    or  1  ^^g  j^^  9S°-lOO» 

propjlcarbamme     .     .     .     .  j        «       s       a  •'•' 

"^Sr^air"^^.  " }  CH W,.NC  87>  -759  at  o' 

'l^S^ul?™"'"!  °:  [  CH(CH.)..CH..NC  xx4'-ii7°   783  at  o' 

Iwyanopentane  (isoprimary)  or  i  cH(CH.)..CH..CH..NC  137° 

(12 1 8)  Properties  of  the  Cyanoparqffins  or  Nitrites, — The  ni- 
triles,  it  will  be  observed,  in  all  cases  possess  a  higher  boiling  point 
than  the  corresponding  carbamines.  They  are  mobile,  colourless 
liquids  of  peculiar  but  not  unpleasant  odour,  and  do  not  appear 
to  be  poisonous;  the  lower  terms  of  the  series  dissolve  easily  in 
water^  but  the  solubility  diminishes  as  they  increase  in  com- 
plexity. They  combine  slowly  with  hydrochloric  acid,  and  some- 
what more  readily  with  hydrobromic  and  hydriodic  acids ; 
thus  cyanethane  forms  with  hydrochloric  acid  the  compound 
C3H5N.HCI,  and  with  hydrobromic  acid  the  compound 
CjHjN.aHBr.  They  do  not  unite,  however,  with  the  oxacids, 
such  as  sulphuric  acid,  neither  do  they  combine  with  the  moniodo- 
paraffins.  They  are  not  affected  by  argentic  or  mercuric  oxides. 
The  nitriles  unite  with  many  chlorides ;  cyanethane^  for  example, 
forming  the  compounds : 

C,H,N.BC1,;  C,H,N.AuCl3j  C^H^N-SbCl,  ;  (C,H,N)3.PtCl, ; 
(C,H,N),.SiCl,;  CjUjN.COCl,. 

The  cyanoparafEns  or  nitriles  are  decomposed  when  heated 
with  water,  and  ultimately  converted  into  ammonia  and  an  acid  of 
the  acetic  series  with  the  same  number  of  atoms  of  carbon  as 
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the  nrtrile,  these  of  course  combine  to  form  the  ammonic  salt : 
this  change  is  greatly  accelerated  by  the  addition  of  an  alkali, 
or  an  acid,  such  as  sulphuric  or  hydrochloric  acid.  The  first 
product  of  the  action  of  water  is  the  corresponding  acid  amide  : 


C.H^^,.CN 

+ 

OH, 

= 

C„H^+i.CONHj 

CyanoparafllD. 

Aoid  amide. 

CH3CN 

+ 

OHg 

= 

CHjCONHj. 

Cyanomethane.  Aoetamide. 

By  the  continued  action  of  water  the  amide  is  converted  into 
the  ammonic  salt  of  the  corresponding  acid  of  the  acetic  series : 

C„H^+,.CONH,  +   OH,  =  C„H^^i.COONH,. 

Add  amide.  Ammoaic  salt  of  add. 

CjH^.CONH,       +  OH,  =  C^H.-COONH^. 

Fropionamide.  Ammonic  propionate. 

If  the  action  of  water  take  place  in  presence  of  an  alkali, 
free  ammonia  and  the  alkaline  salt  of  the  acid  of  the  acetic  series 
are  obtained ;  in  the  presence  of  an  acid,  on  the  other  hand,  the 
products  are  the  free  acid  of  the  acetic  series  and  the  ammonic 
salt  of  the  acid,  employed. 

The  cyanoparaffins  are  converted  by  the  action  of  nascent 
hydrogen  into  the  monamidoparaffins,  or  primary  monamines 
containing  the  same  number  of  atoms  of  carbon  : 

CnH2„+i.CN  +  aHg  =  C,H2„^i.CH,.NH,. 
CH3.CN       +  2H3  =  CH3.CH2.NH3.  ^ 

Qjanomethane.  Amidoethane  or  Ethylamine. 

These  nitriles  are  readily  attacked  by  sodium  and  potassium,  and 
are  in  part  decomposed,  a  metallic  cyanide  being  formed  and  gas 
evolved ;  at  the  same  time  a  portion  undergoes  polymerization. 
Cyanomethane,  CHjjCN,  may  in  this  way  be  converted  into  cyan- 
methine,  CgHgN,  (Bacyer,  Deut.  chem.  Ges.  Ber.,  ii.  319),  and  cyan- 
ethane,  CgHgCN,  into  cyan€thine,C^Il^^'N^  (Prankland  and  Kolbe, 
Ann.  Chem.  Pharm,,  Ixv.  a88).  Both  are  crystalline  compounds, 
soluble  in  water;  the  former  melts  at  180° — 181°  (356° — 357°'8  F.), 
the  latter  at  190°  (374°  F.).  They  may  be  boiled  and  even 
melted  with  potassic  hydrate  without  suflfering  alteration.  They 
form  a  series  of  well-crystallized  salts  with  acids,  such  as 
cyanmethane  hydrochloride,  C^H^QNgCl ;  cyanmethine  nitrate, 
CgHj^NgNOj ;  cyanethine  nitrate,  CgHjgNgNOj ;  and  cyanmethine 
sulphate,  C^fi^^f^SO^. 

(1219)  Properties  of  the  Isocyanides  or  Carbamines. — ^They  are 
colourless  liquids,  which  possess  most  nauseous  odour^  and  exert 
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highly  deleterious  effects,  almost  immediately  producing  nausea, 
vertigo,  headache,  and  depression.  The  lower  terms  are  soluble 
in  water,  but  the  solubility  diminishes  as  the  series  is  ascended. 
They  combine  very  readily  with  the  haloid  acids  and  oxacids, 
much  heat  being  evolved  in  the  act  of  combination ;  they  also 
unite  with  the  iodoparafSns  at  ordinary  temperatures.  The 
isocyanoparaffins  or  carbamines  are  oxidized  with  very  great 
readiness  by  mercuric  and  argentic  oxides,  and  converted  into  the 
corresponding  isocyanates  or  carbimides,  thus  : 

CgHgNC   +  HgO  =  CgHgNCO   +   Hg. 

Isocyao ethane  or  Ethylic  cyanate  or 

ethylcarbamine.  ethylcarbimide. 

Various  secondary  products,  however,  are  usually  formed  at  the 
same  time,  owing  to  the  violence  of  the  action. 

They  are  only  slowly  decomposed  by  pure  water,  or  by  an 
alkaline  solution,  but  are  very  rapidly  changed  when  acted  upon 
by  an  aqueous  solution  of  an  acid,  such  as  sulphuric  or  hydro- 
chloric acid.  They  are  first  converted  into  the  substituted  amide 
of  formic  acid : 

CN.C„Hg„+i  +  OH,   =  HCO.NHC„H^+i; 

CN.CH,      +   OH,  =   HCO.NHCHj; 

Isocyanometbane  Meth>lformamide. 

or  methylcarbamine. 

and  finally  into  formic  acid,  and  the  amidoparaffin  or  primary 
mbnamine  containing  one  atom  of  carbon  less  than  the  carbamine : 

HCO.NHC,H2,^i  +   OH3  =  HCOOH   +   HN^C.Hj^^i, 

HCO.NHCH3  +  OHg  =   HCOOH  +  NH3CH3. 

Metbylfomuunide.  Formic  acid.  Methylamine. 

The  carbamines  undergo  decomposition  when  heated  in  closed 
vessels  above  their  boiling  points,  but  the  nature  of  the  products 
has  not,  as  yet,  been  satisfactorily  ascertained ;  a  portion  of  the 
carbamine  appears,  however,  to  be  converted  into  the  corre- 
sponding nitrile. 

(1220)  Higher  cyano-derivatives  of  the  paraffins, — The  number  of  these 
is  at  present  extremely  limited.  Tricyanomethane  or  cyanoform^  CH(CN)j,  is 
said  to  be  produced  by  heating  trichloromethane  with  potassic  cyanide  (Fairlej), 
or  triiodomethane  with  mercuric  cyanide  (Pfankuch) ;  in  the  later  case,  it  is 
obtained  in  combination  with  mercuric  iodide  as  2CH(CN)y.3HgI,,  and  can  only 
be  separated  from  it  with  difficulty. 

Dicyanethane,  ethylenic  cyanide  or  succinonitrile,  CjH^(CN)j,  Dicyanopropane 
or  propylenic  dicyanide,  C3Hg(CN)j,  and  Tricyanapropane  or  allylic  tricyanide, 
C.H.(CN),,  have  been  obtained  respectively  by  the  action  of  a-dibromethane  qtf^ 
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ethylenic  bromide,  ^-dibromopropane  or  propylenio  bromide,  and  a-tribromo- 
propane  or  tribromhydrin  on  potassic  cyanide.  All  th^  bodies  belong  to  the 
class  of  nitriles. 

Haloid  CyanO'derwatives  of  the  Paraffira, 

(1221)  By  distilling  monochlor-,  dichlor-,  and  tricbloracetamide  respectively 
with  phosphoric  anhydride,  the  following  chlorinated  derivatives  of  cyanomethane 
or  acetonitrile  have  been  obtained  (Bisschopink,  DeuL  chem.  Get.  Ber,,vL  731) : 

BJP.  (Cent)  8p.  Or. 

^^Sa^^^^  '^'ICH.CICN     i23°-i24-     1-204  at  11-2 

''"ISC^SS"}^^.^  «3-84»       x.439.-^- 

This  series  of  derivatives  affords  a  very  remarkable  instance  of  a  depression  of 
boiling-point,  resulting  from  the  introd action  of  chlorine  in  place  of  hydrogen. 

Cyanomethane  and  cyanethane  are  converted  by  heating  with  bromine  into 
the  hydrobromides  of  monobrominated  derivatives  :  CH^BrCN.HBr  and 
C,H^BrCN.HBr.  The  action  of  chlorine  on  cyanethane  produces  a'dicklaro-' 
cyanethane,  C,H,C1,CN. 

(1222)  Constitution  of  the  Fulminates. — When  mercuric  fulminate  (1150) 
is  distilled  with  bleaching  powder  solution,  trichloronitromethane  or  chloropicrin  is 
produced,  and  when  it  is  submitted  to  the  action  of  chlorine,  it  also  yields  tri- 
chloronitromethane together  with  cyanogen  chloride  and  mercuric  chloride. 
These  reactions  led  Kekul^  to  the  conclusion  that  the  fulminates  contain  the 
nitro-  or  NO^  group,  and  the  cyano-  or  CN  group,  and  he  therefore  proposed 
for  the  hypothetical  fulminic  acid  the  formula  CH^.NO^.CN,  which  is  that  of  a 
nitrocyanomethane  or  nitroacetouitrile,  representing  the  action  of  chlorine  on 
the  mercury  derivative  by  the  equation : 

CHg.NO,.CN   +   3CI,  =    Ca,.NO,   +    CNCl   + .  HgCl,. 

MercurieMminaf.  r.^t:'^S.e,       ^ffiVX 

This  view  of  the  constitution  of  the  fulminates  appears  to  have  been  hitherto 
almost  universally  adopted ;  recent  additions  to  our  knowledge  tend,  however,  to 
modify  it.  Thus  Meyer's  researches  on  the  nitroparaffins  have  shown  that 
the  introduction  of  the  NO^  group  in  place  of  hydrogen  in  a  paraffin  renders 
only  a  single  atom  of  hydrogen  displaceable  by  metals,  whereas  tico  atoms  of 
hydrogen  in  fulminic  acid  may  be  displaced  ;  the  cyanoparaffius,  we  know,  have 
no  tendency  to  form  metallic  derivatives.  The  formula  CH^.NOj.CN  woold 
indicate,  moreover,  that  the  two  atoms  of  hydrogen  in  fulminic  acid  are  of  equal 
value,  but  this  is  not  the  case  ;  for  on  heating  mercuric  or  argentic  fulminate  with 
potassic  hydrate,  only  half  the  mercury  or  silver  can  be  displaced  by  potassium. 
Both  the  cynnoparaffins  and  the  nitroparaffins  are  compounds  of  very  considerable 
stability,  and  it  therefore  appears  likely  that  a  nitrocyanoparaffin  would  also  be 
a  fairly  stable  substance ;  hut  fulminic  acid  is  so  unstable  that  it  cannot  be 
isolated.  An  argument  of  far  greater  weight,  however,  is  derived  from  the  con- 
sideration of  the  circumstance  that  the  fulminates  are  produced  by  the  action  of 
nitrous  acid  on  ethylic  alcohol  in  presence  of  a  salt  of  mercury  or  silver. 
Meyer's  researches  have  shown  that  the  action  of  nitrous  acid  on  the  nitroparaffins 
leads  to  the  displacement  of  hydrogen  either  by  the  KO  or  ni^ro«o-group,  or  the 
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N.OH  g^ap;  in  no  case  does  nitrons  acid  proddce  nitro-derivatiyes.  The 
foUowiDg  may  therefore  he  suggested  as  a  not  improhahle  explanation  of  the 
formation  of  fulminic  acid  from  ethylic  alcohol  and  nitrous  acid.  Omitting  the 
metallic  salt,  the  first  action  may  he  supposed  to  occur  in  the  manner  represented 
b/  the  equation : 

CH,  NO.OH         CH,.NO  OH, 

CH,.OH        NO.OH   "   C(N.OH)OH    ^   OH,' 

The  oomponnd  thus  produced  is  then  converted  hy  the  loss  of  the  elements  of  a 
mokcule  of  water  into  fulminic  iu;id : 

(nL.NO  CH.NO 

I  ^  =  OH,   +    « 

C(N.OH)OH  •        C(N.OH) 

If  this  expression  he  adopted,  the  formulse  for  argentic  and  mercuric  fulminates 
would  be  as  follows : 

.  0=N-C=C=N-0 

Ag  ,  , 

0=N-C=C=N-0-Ag   '  f^  ^ 

0=N-C=C=N-0 

Argentte  fUminate.  M ercario  Ailmlnate. 

By  the  action  of  hromine  and  iodine  on  mercuric  fulminate,  the  mercury  is  dis- 
placed by  the  equivalent  amount  of  hromine  and  iodine,  and  the  so-called  dibrom- 
niiroacetonitrile,  C,Br,N,0,,  and  diiodanitracetonitrile,  C,I,N,0,,  are  produced  ; 
both  of  these  are  crystalline  substances.  The  bromo-derivative  of  a  compound 
represented  hy  the  expression  above  given  would  have  the  formula  NO  -  CBr  = 
C=N  — OBr,  but  such  a  compound  would  probably  be  at  once  converted  by 
"  mtramolecular"  change  into  NO  -  CBr  =  CBr  -  NO ;  if  this  be  the  case,  the 
bromo-derivative  of  fulminic  acid  is  a  dinitrosodibromethylene, 

(1223)  Fulminuric  acid,  C,H,0,Nj. — The  preparation  of  this  body  from 
mercuric  fulminate  has  been  previously  described  (11 51).  It  only  contains  one 
atom  of  hydrogen  displaceable  by  metals,  but  too  little  is  known  of  its  reactions 
to  enable  os  to  represent  it  by  a  rational  formula.  When  fulminuric  acid  is  acted 
upon  by  a  mixture  of  the  strongest  nitric  and  sulphuric  acids,  a  crystalline  sub- 
stance of  the  composition  C,N^O,  is  produced,  which  Kekul^  considers  to  be 
irinitroaceiofdtrile,  C(NO,),CN.  By  the  action  of  sulphuretted  hydrogen  this 
body  is  converted  into  the  ammonium  derivative  of  a  compound  regarded  as 
dimtroacetanitrile : 

C(N0J,CN  +   4SH,  =   C(N0J,(NH,)CN   +    2OH,  +    48. 

§  II.  Hydrocarbons  of  the  CJi.^,  or  Olefins  Series. 

(1224)  The  hydrocarbons  of  this  series,  which  is  the  second 
of  the  isologous  series  of  hydrocarbons,  may  be  regarded  as 
derived  from  the  corresponding  paraffins,  Cj^^^n+zf  ^7  *^® 
Femoval  of  H^.  Hofmann  proposed  to  distinguish  the  olefines  by 
the  termination  ene,  forming  the  name  of  the  olefine  from  that 
of  the  corresponding  paraffin,  by  changing  the  termination  ane 
into  ene :  as  ethane,  ethene;  in  the  nomenclature  generally 
adopted,  however,  the  ending  is  ylene^  as  ethane,  ethylene.  ^  , 
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Although^  hitherto,  the  series  has  been  but  imperfectly  investi- 
gated, the  following  terms  are  known,  many  of  which  include 
isomerides : 


Ethylene C,H, 

Propylene       ....  C,H, 

Butylene  or  Tetr}'lene   .  C^H, 

Amylene  or  Pentylene  .  C^Hj^ 

Hexylene C,H„ 

Heptylene      ....  C^Hj^ 

Octylene C.H^. 

Nonylene ^»Hj, 


Decylene  or  Diamylene .     .     .  Cj^H^ 

Endecylene ^u^m 

Dodecylene  or  Triisobutylene  .  C^.H^ 

Pentadecylene  or  Triamylene    .  Cj^H^^ 

Cetene C„H^ 

Tetramylene C^^H^ 

Cerotene Q^yH^ 


Melene C,^H,^ 

The  first  three  members  of  the  series  are  gaseous  at  the 
ordinary  temperature;' cerotene  and  melene  are  solids,  and  the 
remaining  terms  are  liquids. 

The  compound  CHg  (methylene),  which  might  be  supposed 
to  be  the  first  of  the  series,  has  never  been  prepared,  neither 
does  it  seem  to  be  capable  of  existing,  for  in  those  cases  where 
we  might  expect  to  obtain  it,  ethylene  is  produced  instead ; 
thus: 

2CH2I2   -f   4Na   =   C2H4   +   4NaI. 

Diiodomethane.  Ethylene. 

(1225)  Methods  of  Formation  of  the  Olefines. — These  hydro- 
carbons, besides  occurriug  amongst  the  products  of  the  destructive 
distillation  of  many  organic  substances,  such  as  coal,  may  be 
produced  by  a  variety  of  well  defined  reactions. 

I.  defines  are  formed  by  the  action  of  dehydrating  agents, 
such  as  sulphuric  acid,  phosphoric  anhydride,  and  zincic  chloride, 
on  the  alcohols  of  the  ethylic  or  0^1120+ i-OH  series : 


C„H,„^i.OH 

=   C„H^ 

+ 

OHj^. 

C,H„.OH 

=  CgH^o 

+ 

OHg. 

Amylic  alcohoL 

Amylene. 

When 

sulphuric  acid  is 

employed. 

it 

would 

seem 

that 

the 

action  always  tak^s  place  in  two  stages  :  in  the  first  an  acid 
ethereal  sulphate  is  produced,  and  this  is  subsequently  resolved 
into  the  define  and  sulphuric  acid ;  thus : 


C„H^+i.OH   +   H,SO,  = 

C„H^^i.HSO,    +   OH,; 

C„H,„^i.HSO,  = 

C„II^  +   H,SO,. 

CjHj.OH   +  HjSO^    = 

C,H,.HSO,     +    OH,; 

Ethjlic  alcohol. 

Etbylic  bydric  sulphate. 

C,H,.HSO,  = 

C„H,  ^-   H,SO,. 

EthyUc  bydric  solpbate. 

Ethjieno.                       n^^r^\. 
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2.  By  the  action  of  heat  on  the  monohaloid  derivatives  of 
the  paraffins,  or  on  treating  them  with  an  alkali,  a  molecule  of 
the  haloid  acid  is  eliminated  and  an  olefine  is  formed.  In  some 
cases  the  action  of  an  alkaline  hydrate  in  aqueous  or  alcoholic 
solution  is  sufficient  to  effect  the  decomposition,  whilst  in  others, 
the  vapour  must  be  passed  over  heated  lime : 

+   HCl. 

■f   KCl  +    OH3. 


( 

C„H^+iCl 

=r 

C„H^ 

CsH.Cl 

+ 

KHO 

= 

C,H, 

Chlorethane  or 
Ethjiic  chloride. 

Ethylene. 

3.  Together  with  a  paraffin  by  the  action  of  some  metals  on 
the  monohaloid  derivatives  of  the  paraffins,  as  already  noticed 
(p.  130). 

4.  By  the  action  of  the  zinc  organo-metallic  compounds  on 
the  monohaloid  derivatives  of  the  olefines  : 

Zn(Cn|H2„+i)3  +  C^Hgn-iBr  =  Cn+^Hgn+am  +  ZuBrCnHg^+i. 
Zu{C^U,)^    +     C^HgBr    =    C^Hg     +    ZnBrCgHg. 

Zincio  Broniethane  or  Butjlene.  Ziticic 

ethide.  Tiuylic  bromide.  bromcthide. 

5.  They  are  also  produced  by  the  action  of  sodium  on  a 
mixture  of  the  monohaloid  derivatives  of  the  paraffins  and 
olefines : 

C0H20+1I   +   Cg^Hg^.J   +   aNa    =    C^+Ji^+^   +    aNal. 
CH3I      +       C3H5I       4-   iiNa  =         C^Hg         +    2NaI. 

lodomethane  or  a-Iodopropane  Batylene. 

metfayljc  iodide.  or  allelic  iodide. 

6.  By  the  action  of  sodium  on  dihaloid  derivatives  of  the 
paraffins : 

C„H^C1,   +   aNa   =   C„H^    +    2NaCl. 

C,Hi,Cl,  +   aNa   =   CgH^o    +    aNaCl. 

IHchloropentane.  Amylene. 

7.  By  the  oxidation  of  the  dibasic  acids  of  the  succinic  or 
CnH^(C00H)2  series,  during  the  electrolysis  of  their  solutions : 

2C„H2,(COOH),  +    03  =  2C,H,,  +  4CO3  +  2OH3. 
aCjH.CCOOH),    +  O3  =   sC.H^    +  4CO,  +  aOH,. 

Boodnic  add.  Ethylene. 

8.  In  some  instances,  the  organic  analogues  of  ammonic 
hydrate  split  up  when  heated  into  a  tertiary  monamine,  an 
olefine  and  water ;  thus  : 

(C,H,),N.OH   =   (C,H,)3N  +  C,H,   +   OH,. 

Tetreibj-iammouic  hydrate.         Triethylimiiie.  Ethylene.  OoOqIc 

N  2  '^'^'^^    ^  o 
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(1226)  Properties  of  the  Olefines, — i.  The  defines  are  capable 
of  uniting  directly  with  a  molecnle  of  a  halogen^  and  also  with 
iodine  and  bromine  chlorides,  ICl,  BrCl,  and  with  iodine  bromide, 
BrI,  to  produce  dihaloid  derivatives  of  the  paraffins  : 

where  Xg  represents  a  molecule  of  a  halogen  or  of  a  compound 
of  two  halogens ;  thus  : 

CjH,  +  CI,  =  C,H,C1,.     C3H,  +   Br,  =  C,H,Br^ 

Ethylene.  a-Dichlorethane    Propylene.  ^-Dtbromopropane 

(Ethylenic  chloride).  (Propylenic  bromide). 

2.  The  olefines  unite  with  the  haloid  acids,  producing  mono- 
haloid  derivatives  of  the  paraffins.  This  combination  takes  place 
most  readily  with  hydriodic  acid,  and  more  readily  with  hydro- 
bromic  than  with  hydrochloric  acid. 

^nHjjn    +    HX    =    CnHgn^.iX, 

where  HX  represents  a  molecule  of  the  haloid  acid. 


C3H, 

+ 

HBr 

=  C,H,Br. 

C4H, 

+ 

HI 

=  C,H,L 

hropjlene. 

^-Bromopropane 
(Isopropylic  bromide) 

Bntjleue. 

lodotetnme 
(Bntjlic  iodide). 

The  isomeric  olefines  combine  with  the  haloid  acids  with  very  different  degrees 
of  readiness  :  the  union  being  in  some  cases  easily  effected  by  agitating  the  olefine 
with  a  cold  saturated  solution  of  the  acid,  whilst  in  others  it  is  necessary  to  heat 
more  or  less  in  order  to  cause  them  to  combine.  This  circumstance  may  afford 
a  convenient  means  of  separating  isomeric  olefines,  and  als^o  of  indicating  the  purity 
of  an  olefine.  It  would  appear  that  those  of  highest  boiling-point  (the  so-called 
normal  olefines)  combine  least  readily,  and  those  of  lowest  boiling-point  at  the 
opposite  extremity  of  the  isomeric  series  most  readily,  the  intermediate  terms 
being  also  intermediate  in  their  behaviour  with  haloid  acids. 

3.  They  also  unite  directly  with  hypochlorous  acid,  forming 
monochlorinated  monohydric  alcohols  or  glycoUic  chlorhydrins : 

CJi^  +   ClOH  =  C^H^^Cl.OH. 

CgH^  +  ClOH  =  CgH^CLOH. 

Ethylene.  Monochlorethjlic 

alcohol. 

These  chlorinated  alcohols  are  readily  converted  into  alcohols 
of  the  ethylic  or  CnHgn+i-OH  series,  by  the  action  of  nascent 
hydrogen. 

4.  The  olefines  unite  with  sulphuric  acid,  forming  acid 
ethereal  sulphates : 

C„Hj„  +  HjSO,  =  C„H^^i.HSO,. 

CjH^  +  HjSO^  =   CjjHj.HSO^. 
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These  sulphates  when  distilled  with  water,  yield  sulphuric 
acid  and  the  corresponding  alcohols  of  the  ethylic  series : 

C^H^^pHSO,  +   OH,  =   HjSO^   +  C^H^^^i.OH. 
CjH,.HSO^     +  OH,  =  HjSO^   +   C^H.-OH. 

Hydrioethjliesolplufta.  Ethylic  hjdnto. 

The  experimentii  hitherto  made  appear  to  indicate  that  the  combination  of 
the  olefinea  with  the  haloid  acids,  with  hypochlorous  acid,  and  with  salphuric  acid* 
18  governed  bj  a  very  simple  law,  which  is  that  the  more  negative  radicle  (X')  of 
the  compoand  (HX')  entering  into  nnion  with  the  olefine,  always  attaches  itself  to 
the  least  hydrogenized  carbon  atom.  Thus  in  the  case  of  propylene  the  following 
leactioDa  have  been  observed  : 

CH,.CH=CH,   +   HI  =  CH,.CHI.CH,. 

Prapylene.  Iiopropylio  iodide. 

CH,.CH=CH,  +  C1.0H  =  CH,.CHC1.CH,(0H). 

Propylena.  Chloropropylic  LloohoL 

CH,.CH=CH,   +  H,SO,  =  CH,.CH(HSO,).CH,. 

Propyiene.  Isopropylie  hydric  ralphata. 

All  of  these,  it  will  be  observed,  are  in  accordance  with  the  general  equation  : 

CH,.CH=CH,   +   HX'  =    CH,.CHX'.CH,, 

md  it  is  probable  that  the  combination  of  the  olefines  with  other  compounds 
foUows  the  same  general  law. 

5.  The  action  of  oxidizing  agents  on  the  olefines  varies  with 
the  nature  of  the  reagent  employed,  and  the  conditions  of 
experiment.  Thus,  according  to  Chapman  and  Thorp  {Joum. 
Chem.  SoCj  1866,  xix.  491),  a  solution  of  potassic  dichromate, 
to  which  sufScient  sulphuric  acid  is  added  to  form  chromic  sul- 
phate with  the  chromium  and  hydric  potassic  sulphate  with  the 
potassium,  oxidizes  ethylene,  C^H^,  to  carbonic  anhydride  and 
water,  and  converts  amylene,  CgH^^,  from  fermentation  amy  lie 
alcohol,  into  acetic  acid,  carbonic  anhydride,  and  water : 

C5H10  +   70  =  aC^H.Oj  +  COj^  +  OH,. 

Amylene.  Aoetio  add. 

Hexylene,  C^Hj^  from  mannite,  yields  propionic  and  acetic 
acids,  carbonic  anhydride  and  water : 

C^Hia   +    7O  =  C3H,0,   +   C^H.O,   +   CO,   +   OH,. 

Hexylene.  Propionic  acid.  Aoeiic  add. 

Similar  results  are  obtained  with  a  solution  of  potassic  permanga- 
nate acidulated  with  sulphuric  acid. 

Truchot  states,  however  (Compt.  Rend.^lxui.  274),  that  a  solu- 
tion of  pure  potassic  permanganate  oxidizes  ethylene  to  formic 
acid,  carbonic   anhydride   and   water,  and   propylene,   C-Hi.  to  j 
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acetic  acid,  formic  acid,  and  water,  whilst  amylene  yields  butyric, 
propionic,  acetic,  and  formic  acids.  According  to  Berthelot 
(Compi.  Rend. J  Ixiv.  ^^),  an  alkaline  solution  of  potassic  perman- 
ganate converts  ethylene  into  oxalic  acid,  C^Kfi^  producing  also 
formic  acid  and  carbonic  anhydride ;  propylene  is  said  to  furnish 
malonic  acid,  CgH^O^,  together  with  oxalic,  acetic,  and  formic 
acids ;  and  amylene  appears  to  yield  pyrotartaric  acid,  CgHgO^ 
besides  succinic,  malonic,  and  oxalic  acids,  and  various  aoids  of 
the  acetic  series.  Berthelot  also  states  {ibid,,  Ixviii.  334)^  that 
when  a  solution  of  pure  chromic  acid  is  employed,  ethylene  is 
converted  into  aldehyde,  CgH^O  ;  whilst  propylene  furnishes  a 
notable  quantity  of  propionic  acid,  CgHgOg,  besides  acetone, 
CgllgO,  and  acetic  acid ;  amylene,  when  similarly  treated,  yields 
together  with  neutral  products,  a  mixture  of  acids  of  the  acetic 
series,  containing  a  considerable  quantity  of  valeric  acid,  CgHj^Oa, 
also  butyric,  propionic,  and  acetic  acids,  and  a  small  quantity  of 
formic  acid. 

6.  The  olefines  undergo  polymerization  with  great  facility ; 
thus  amylene,  CgHj^,  from  fermentation  amylic  alcohol,  when  it 
is  added  to  concentrated  sulphuric  acid,  or  warmed  with  zincic 
chloride,  is  almost  entirely  converted  into  its  polymerides  diamy- 
lene,  C^qH^q,  triamylene,  C^gH^Q,  and  tetramylene,  CoqH^q. 

(1227)  Isomerism  of  the  Olefines, — Although  at  present  com- 
paratively little  is  known  of  the  olefines,  it  appears  probable  that 
they  may  all  be  represented  as  derived  from  ethylene,  H2C=CHg, 
by  the  substitution  of  the  so-called  monad  positive  radicles 
CnH^n+i  for  one  or  more  atoms  of  hydrogen.  According  to 
this  view  only  one  propylene,  CgH^,  is  possible,  having  the 
formula  H2C=CH(CH,).  If,  however,  the  hypothesis  be 
adopted  that  an  olefine  is  capable  of  existing,  corresponding  to 
each  of  the  isomeric  dihaloid  derivatives  of  the  paraffins,  there 
would  be  two  ethylenes  corresponding  to  the  two  dichlorethanes ; 
thus : 

HH  HH                 HH                        HH 

II  II                    II                          II 

CI— C— C— CI  ;     C^C  .     H— C— C— CI  ;     H-C— CO. 

II  II                   II                           1 

H    H  H    H                H    CI                        H 

a-Dichlorethane.  Ethylene.  /J-tHchlorethane.  Ethjlidene. 

(Kthylenic  chloride).  (Ethjrlidcnic  chloride). 

Similarly  there  would  be  no   less  than  four  propylenes.*     As  a 


*  The  number  of  possible  olefines  also  becomes   largely  increased  if  it  be 
assumed,  that  not  only  may  two  of  the  atoms  of  carbon  in  each  olefine  ibe  united 
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matter  of  fact,  however,  only  one  ethylene  and  one  propylene 
have  been  isolated.  In  like  manner,  the  former  hypothesis  sup- 
poses the  existence  of  but  three  butylenes :  H2C=CH(C2H5) ; 
H2C=C(CIl3)2;  and  (CH3)HC  =  CH(CHs),  whilst  the  latter  per- 
mits no  less  than  nine  modifications. 

If  the  olefines  be  regarded  as  derived  from  ethylene,  they 
may  be  divided  into  groups,  in  which  one,  two,  three,  or  four 
atoms  of  the  hydrogen  ill  the  ethylene  are  displaced  by  radicles 
of  the  form  C^Han+i,  ^  follows : 

Gsopr  L  Gbovp  II.  Qsoup  III.  Omovp  IV.  Oboitp  V. 

Each  of  these  five  groups  may  be  again  subdivided,  according  to 
the  nature  of  the  CnHg^+j  radicles. 

The  Table  on  the  following  pages  contains  a  list  of  the  few  ole- 
fines at  present  known,  to  which  rational  formulae  may  be  assigned 
with  more  or  less  confidence.  The  formulae  there  given  are, 
however,  in  many  cases,  merely  those  which  appear  most  pro- 
bable, as  much  experimental  evidence  is  still  wanting  to  render 
oar  knowledge  of  this  series  at  all  satisfactory. 

(1228)  Ethylene  or  Ethene. — Olefiant  Gas,  Heavy  Car^ 
bureited  Hydrogen,  or  Elayl.  C2H4=28.H2C=CH2. — This 
gas  is  formed  together  with  other  hydrocarbons  during  the 
destructive  distillation  of  coal,  and  of  many  resinous  and 
fatty  bodies  ;  it  is  one  of  the  most  important  luminous  consti- 
tuents of  coal-gas.  Berthelot  has  shown  that  it  is  present  in 
small  quantity  amongst  the  products  of  the  destructive  distilla- 
tion of  baric  formate,  (HC02)2Ba,  and   also   that  it  is   formed 


by  two  affinities  of  each,  as  expressed  by  the  formula  H,C  =  CH,,  or  the  two 

affinities  of  a   sinele  atom  of  carbon  satisfy  each  other  as  in  H.C — CH   ( 

I I 

but  that  free  affinities  may  exist  as  represented  by  the  formnl» : 

H    H  H 

11  11 

— C— C—  ;     H-C— C— H 
II  II 

H    H  H 

At  present,  however,  there  does  not  appear  to  be  any  evidence  in  favour  of  this 
aaiumption. 
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Table  of  Homologous 


_ 


C,He 
CA 

C»Hio 

C0H1J 

CtHu 
C,H,e 
C»Hi8 
CioHao 
CiiHj, 

CisHjie 
CuHjB 
CuHso 
OuHn 


Ethylene 

Propyleoe 

Butylene 

Amyleoe     .  .    .    •    1 

Hexylene     .  .    .    .    | 

Heptylene  .... 

Octylene     .... 

Nonylene    .... 

Decylene    .... 

Endecylene     .    .    . 

Dodeoylene     .    .    . 

Tridecylene 

TetiadecyleDe 

Pentadecjlene 

(Triamylene) 

Hexadecylene 

(Cetene) 
Tetramylene 

Cerotene 

Melene 


CH, 
Series  || 

CH(C„Hfe+l)- 


Formula. 


B.P.  (Cent.) 


CH, :  CH, 

CH, :  CH(CH,) 

CH, :  CH(Cj|H,) 

CH, :  CH(C8H7)* 
CH, :  CHlCsH,)^ 

CH,:CH(C4H,)* 
CH,!CH(C4H9)« 

CH,:CH(C»Hii)* 
CH,:CH(C5Hu)* 


CH,:CH(C»Hi,)» 


CHCCnHtn+l 
Series  11 

CHCC^Hju^j) 


Formnla. 


•bt.  40"  1 
aooo 


CH(CH,) :  CH(CH,) 
GH(CHs):CH(CsHJ 


B.P. 


3" 
36'' 


together  with  methane,  on  passing  sulphuretted  hydrogen  mixed 
with  the  vapour  of  carbonic  disulphide  over  copper  heated  to  dull 
redness;  very  little  ethylene  is  obtained,  however,  the  gaseous 
product  being  chiefly  hydrogen. 

Ethylene  is  also  produced  by  the  action  of  sodium  on 
diiodomethane,  CHglj ;  by  heating  methylic  alcohol,  CH,.OH,  with 
phosphoric  anhydride ;  and  by  the  action  of  sodium  on  a-diiode- 
thane,  and  on  a-  and  /3-dichlorethane.  Whilst  a-dichlorethane, 
however,  is  readily  attacked  by  sodium  at  a  temperature  below 
the  melting-point  of  the  latter,  /3-dichlorethane  may  be  distilled 
over  the  metal  without  change,  and  is  only  acted  upon  when  the 
two  are  heated  together  to  about  ioo°  (212°  F.).  The  mono- 
haloid  derivatives  of  the  paraffin  ethane,  CgHg,  yield  ethylene 
when  passed  through  a   tube   heated  to   dull  redness ;    and  it 
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and  Isomeric  Okfines. 


CH, 

Sflriiw  II 

Series  n 

C(CnHto+i)i 

Farmnlft. 

B.P. 

ForanlA. 

B.P. 

Forarala. 

B.P. 

CH.:C(CH,), 
CH.:C(CH,)(CA)' 

... 

CH(CHi) :  C(CH^ 

CH(CH,):C(CHs)(C,H,) 

1  CH(CH,)  :  C(C,H.), 
tcH(C,H,)^:C(CH,), 

••• 

3^ 

83** 

C(CH,)(CsH,)^  :C(CH,)(CH,)^ 
(DUmjlene). 

C(CH,)(CA)*  :  C{CH,)(C4H,)* 
(?  Triiwbutytene). 

173*— 176" 

is  also  formed  when  iodethane  or  ethylic  iodide^  C^Hgl,  is  heated 
with  an  alcoholic  solution  of  potassic  hydrate ;  the  amount  pro- 
duced^ however^  is  extremely  small  in  the  latter  case. 

Rolbe  has  shown  (Ann.  Chem,  Pharm,,  cxxxi.  79),  that  when 
a  solution  of  sodic  succinate  is  submitted  to  electrolysis^  ethylene 
is   evolved  at   the  positive  pole,  together  with   carbonic  anhy- 
dride. 
CjH.CCOgNa)^   +   OH,  =  C^H,  +  CO^   +   Na^CO,   -h  H,, 

Bodiam  aoodnate.  Ethylene. 

A  very  interesting  mode  of  formation  is  by  the  action 
of  nascent  hydrogen  on  acetylene,  CjjHj.  For  this  purpose 
cuprous  acetylide  {vide  acetylene)  is  added  to  a  mixture  of  zinc 
and  dilute  ammonia,  and  the  whole  gently  warmed.  The 
hydrogen  liberated  by  the  action  of  the  zinc  on  the  ap^^^Jli^ 

Digitized  by  VjOOQiC 


186  ETHYLENE.  [l228. 

unites  with  the  acetylene  from  the  cuprous  acetylide,  to  produce 
ethylene  :  C^Hg  +  Hg = CgH^. 

Ethylene  is  usually  prepared  by  heating  ethylic  alcohol  with 
concentrated  sulphuric  acid.  For  this  purpose,  a  mixture  of 
I  measure  of  alcohol  and  4  measures  of  sulphuric  acid  may  be 
gently  warmed  in  a  capacious  glass  flask  or  retort ;  at  first 
the  gas  comes  off  freely,  but  after  a  time  the  mixture  begins  to 
blacken,  and  finally  becomes  thick,  and  froths  up  considerably,  so 
that  the  operation  requires  careful  watching  in  its  latter  stages. 
This  tendency  to  froth  may  be  much  diminished  by  adding 
sufiicient  sand  to  the  liquid  to  form  a  thin  paste.  The  ethylene 
thus  obtained  is  accompanied  by  the  vapours  of  alcohol  and  ether, 
and  towards  the  close  of  the  process  by  sulphurous  anhydride 
in  large  quantity. 

The  reaction  which  takes  place  may  be  thus  explained.  The 
alcohol  is  acted  upon  by  the  sulphuric  acid,  and  the  hydric 
ethylic  sulphate  which  is  formed  is  decomposed  at  a  high  tempe- 
rature into  ethylene  and  sulphuric  acid : 

CgHg.OH    +    H3SO4  =   CgHg.HSp,  +  OHg; 

Ethylic  alcohol.         Sulphuric  acid.    £thylic  hydric  aulphato. 

and  when  heated : 

C2H5.HSO4        =         CgH^         +         HgSO^. 

Elhylio  hydric  sulphate.      Ethylene.         Sulphuric  acid. 

The  liberated  sulphuric  acid  is  capable  of  again  converting 
alcohol  into  hydric  ethylic  sulphate,  which,  in  its  turn,  is  decom- 
posed into  ethylene  and  sulphuric  acid.  In  fact,  on  dropping 
alcohol  into  a  mixture  of  about  30  measures  of  sulphuric  acid 
and  9  of  water,  maintained  at  a  temperature  of  160° — 165^ 
(320° — 330°  F.),  an  effervescence  of  the  acid  liquid  takes  place, 
and  water  and  ethylene  gas  pass  over.  In  this  way  a  small 
quantity  of  sulphuric  acid  is  sufficient  to  decompose  a  relatively 
large  quantity  of  alcohol. 

When,  however,  a  considerable  quantity  of  ethylene  is 
required  in  a  continuous  current,  the  following  is  the  best 
process : — 

A  mixture  of  25  grms.  of  alcohol  and  150  grms.  of  sulphuric 
acid  is  placed  in  a  glass  fiask  of  2  or  3  litres  in  capacity,  and 
the  neck  of  this  flask  is  provided  with  a  cork,  through  which  are 
inserted  a  bent  glass  tube  and  a  tap-funnel.  The  mixture  is  now 
heated  on  the  sand-bath  until  a  continuous  stream  of  the  gas  is 
evolved,  when  the  tap  of  the  funnel  is  partly  opened,  and  a  cooled 
mixture  of  equal  parts  of  alcohol  and  sulphuric  acid  is  allowed 
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to  drop  in  slowly.  By  carefully  regulating  the  temperature,  and 
the  rate  of  the  flow  of  liquid  through  the  tap,  a  coastaut 
current  of  ethylene  may  readily  be  obtained.  (Erlenmeyer  a. 
Bunte,  Ann.  Chem,  Pharm,,  clxviii.  64). 

The  crude  gas  prepared  by  these  methods  should  be  passed 
firnt  into  an  empty  Woulffe's  bottle,  then  through  a  solution  of 
potassic  or  sodic  hydrate,  and  finally  through  concentrated 
sulphuric  acid  ;  in  this  way  it  is  deprived  of  the  sulphurous  anhy- 
dride and  of  the  vapours  of  alcohol  and  ether  which  accompany  it. 

Ethylene  is  a  transparent  and  colourless  gas ;  it  has  a  faint, 
sweetish,  alliaceous  odour,  and  is  soluble  in  about  12  times 
its  bulk  of  cold  water.  It  was  liquefied  by  Faraday  under  great 
pressure,  but  remained  unfrozen  at  —  1 10°  (—166°  F.).  Ethylene 
does  not  support  combustion,  but  is  itself  very  inflammable, 
burning  with  a  white  luminous  flame,  which  deposits  car- 
bonaceous matter  abundantly  upon  cold  bodies  introduced  into  it. 
If  passed  through  a  porcelain  tube  heated  to  bright  redness  it  is 
decomposed  :  half  its  carbon  is  deposited,  and  methane  or  marsh 
gas  is  formed,  which  occupies  the  same  volume  as  that  of  the 
ethylene  from  which  it  was  produced.  If  the  temperature  to 
which  the  gas  is  exposed  be  very  high,  all  the  carbon  is 
deposited,  each  volume  of  gas  yielding  3  volumes  of  hydrogen. 

The  composition  of  ethylene  may  be  ascertained  by  detona- 
tion with  oxygen ;  the  explosion,  however,  is  very  powerful,  and 
requires  care,  otherwise  the  eudiometer  will  be  broken.  One 
volume  of  the  gas  requires  for  its  complete  combustion  3  volumes 
of  oxygen ;  2  volumes  of  carbonic  anhydride  remain  and  repre- 
sent 2  out  of  the  3  volumes  of  oxygen,  whilst  the  other  volume  of 
oxygen  combines  with  2,  volumes  of  hydrogen  furnishing  2 
volumes  of  steam,  which  become  condensed:  2  volumes  of 
ethylene,  therefore,  contain  4  volumes  of  hydrogen  or  4  parts  by 
weight  united  with  24  parts  of  carbon  or  what  may  be  2  volumes 
of  carbon  vapour,  C^K^^ ^0^=200^-^211^0.  From  these  data 
the  composition  of  the  gas  may  be  represented  in  the  following 
manner : 

By  weight.  By  toL 

Carbon        Cg   =   24  or  8571      ...      ? 

Hydrogen    H^  =     4        ^4*^9      •••     4 


Ethylene C^H^  =   28      loooo  2 

Ethylene  is  slightly  soluble  in  alcohol,  in  oil  of  turpentine, 
•nd  in  the  fixed  oils  ;  ether  dissolves  it  more  freely.  It  is  also 
soluble  in  cuprous   chloride   solution.      It  combines  vi*KA¥|fp 
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phuric  anhydride;  hence  it  is  completely  absorbed  by  fuming 
sulphuric  acid,  and  is  somewhat  soluble  in  ordinary  sulphuric 
acid.  Ethylene,  when  mixed  with  an  equal  volume  of  chlorine, 
unites  with  it  and  becomes  condensed  to  a  heavy,  sweetish, 
aromatic  liquid,  which  collects  into  oily-looking  drops,  heavier 
than  water :  it  was  owing  to  this  reaction  that  the  name  of  ole- 
•  fiant  (or  oil-producing)  gas  was  given  to  it,  and  the  oily 
body  itself  was  commonly  known  as  Dutch  Liquid,  from  the  cir- 
cumstance of  its  discovery  in  Holland.  If  i  measure  of 
ethylene  be  mixed  with  %  measures  of  chlorine,  the  mixture  will 
burn  quietly  on  the  application  of  a  light,  depositing  the  whole 
of  the  carbon  of  the  gas  in  the  form  of  a  dense  smoke,  whilst 
the  hydrogen  unites  with  the  chlorine  to  form  hydrochloric  acid. 
It  also  combines  with  bromine  and  iodine.  Ethylene,  when 
heated  with  a  saturated  solution  of  hydriodic  acid  to  ico*^ 
(212°  F.)  unites  with  it,  forming  iodethane  or  ethylic  iodide, 
CgHgl ;  it  also  combines,  but  less  readily,  with  hydrobromic 
acid  j  and  still  less  readily  with  hydrochloric  acid. 

Ethylene  unites  directly  with  hydrogen  producing  ethane, 
CjjHg,  when  a  mixture  of  equal  volumes  of  the  two  gases  is 
placed  in  contact  with  platinum-black  (v.  Wilde,  Deut.  chem.  Ges. 
Ber.,  vii.  353). 

When  briskly  agitated  with  ordinary  concentrated  sulphuric 
acid,  ethylene  is  slowly  absorbed  by  it,  forming  hydric  ethylic 
sulphate:  C^H^-f HjSO^irrCgHg.HSO^  (Berthelot);  if,  however, 
the  acid  be  heated  to  i6o°— 170°  (320^—338°  F.),  the  com- 
bination takes  place  readily,  and  considerable  quantities  of 
ethylic  hydric  sulphate  may  thus  be  prepared  (Butlerow  a. 
Goriainow,  Ann,  Chem.  Pharm.,  clxix.  146).  This  reaction  is  of 
great  interest,  for  on  distilling  hydric  ethylic  sulphate  with 
water,  alcohol  is  produced ;  and  since  ethylene  may  be  obtained 
f5pom  acetylene,  and  the  latter  can  be  formed  by  the  direct 
union  of  carbon  and  hydrogen,  it  is  possible  in  this  way  to  build 
up  ethylic  alcohol  from  its  constituent  elements. 

In  order  to  combine  ethylene  with  sulphuric  acid,  Butlerow  uses  the 
following  apparatus.  The  inner  tube  of  a  Liebig's  condenser,  about  i  cm. 
wide  and  *5  to  '6  of  a  metre  long,  is  filled  with  coarsely- powdered  glass,  and 
closed  at  each  end  by  a  caoutchouc  stopper  pierced  by  two  openings.  A  delivery 
tube  and  a  glass  tap-funnel,  through  which  sulphuric  acid  is  introduced,  are 
passed  through  the  upper  stopper ;  the  lower  stopper  carries  a  tube  extending 
'I  metre  up  into  the  powdered  glass,  through  which  the  gas  is  introduced,  and 
a  second  tube  terminating  immediately  above  the  stopper,  through  which  the 
acid  flows  away.  The  latter  tube,  however,  is  bent  outtside  the  condenser-tube 
BO  that  when  the  bend  is  filled  with  sulphuric  acid,  a  valve  is  formed  which 
prevents  the  escape  of  gas.     The  inner  tube  of  the  condenser  ^hfAtedlb^  a 
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earreDt  of  the  Tapoor  of  boiling  turpentine,  or  some  other  vapour  of  suitable 
temperature,  which  circulates  in  the  annular  space  between  the  two  tubes  of  the 
condeDser;  and  whilst  sulphuric  acid  is  slowly  admitted  above  through  the 
tap-funnel  a  current  of  ethylene  is  passed  in  from  below. 

Ethylene  combines  readily  with  sulphuric  anhydride,  forming 
ethionic  anhydride  : 


CH, 

II 


2SO3      =      O 

I 


SOj.O.CH, 


SO3— CH, 


Bthrlene.  Ethionlo  inhjdrids. 

And  this^  hj  contact  with  water,  is  converted  into  ethionic  acid : 
SOj.O.CH, 


I 
O 

SO,— CHj 


CH,.O.SO,(OH) 

UUg  =  I  . 

CHjSO,(OH) 


Ethionic  anhydride.  Ethionic  add. 

Chlorhydric  sulphate,  ClSOg.OH,  also  readily  unites  with 
ethylene,  forming  the  compound  ClSOg.OCjHg. 

Ethylene  combines  with  hypochlorous  and  hypobromous 
acids,  forming  the  compounds  CgH^Cl.OH  and  Cj,H^Br.OH,  and 
also  with  Schiitzenberger^s  chlorine  acetate : 

CjH^  +  CH,.C00C1  =  CH3.COO(C2H^Cl). 

Ethylene.  Chlorine  «etate.  G&'a'SS^Jd^i. 

According  to  Carius  {Ann,  Chem.  Pharm.y  cxxvi.  209),  ethylene 
unites  with  hydric  peroxide,  (0H)2,  forming  glycol,  CgH^  (OH)^ ; 
the  conditions,  however,  under  which  this  interesting  reaction 
takes  place  have  not  been  made  known. 

Besides  those  already  enumerated,  ethylene  unites  with  many  other  com- 
pounds, such  as  the  chlorides  of  sulphur,  SCI,  and  S^Cl,,  forming  the  compounds 
C,H^Cl,8  and  C^HjCl^S,;  with  Schiitzenlirger's  platoso-carbonyl  chloride, 
COPtCl,,  forming  COPtCl.C.H^ ;  and  with  platinous  chloride,  PtCl^,  forming 
PtCljCjH^  (Birnbaum,  Ann.  Chem,  Fharm,,  cxlv.  67).  This  last  compound 
may  also  be  obtained  by  heating  platiuic  chloride  with  alcohol ;  and  by  heating 
ether  with  ferric  chloride,  Kachler  (Deut.  chem.  Ges.  Ber,^  ii.  510)  has 
obtained  a  compound  of  ethylene  with  ferrous  chloride,  FeCl,CjH^.  Compounds 
of  ethylene  with  iridium  chloride  and  potaiisio  or  ammonic  chloride  are  also 
known,  viz.,  IrCl,(C,HJ,(KCl),  and  IrCl,(C,HJ,(NH^Cl),.  All  these  various 
compounds  may  be  regarded  as  formed  by  reactions,  similar  to  those  indicated 
in  the  following  general  equations  : 


(CA)" 

+    xa„    =    (c,h.ci)Oj:ci^,. 

C.H, 

+     SCI,      =     (C,H,C1)SC1. 

2(C,HJ" 

*    ^<^-   -    (cSS'l^cw 

2C.H, 

+       S,C1,       =    .    (C,H^C1)^S,.     Digitized  by 
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When  ethylene  is  passed  into  liquid  nitric  peroxide,  N,0^,  a  crystalline  body 
of  the  composition  CjH^N^O^  is  produced ;  whilst  by  passing  it  into  a  well- 
cooled  mixture  of  concentrated  nitric  and  sulphuric  acids,  the  compound  C^H^NjO^ 
is  formed.  The  latter  is  a  colourless  oil,  of  very  pungent  odour,  which  yields 
glycol  when  heated  with  aqueous  hydriodic  acid;  it  would  appear,  therefore,  to 
be  a  glycollic  nitrate  nitrite  : 

^•H«  {  o.NO.   +   4HI  =  C,H,  {  22  +  2NO  +  2I.  +  OH^ 

Gl jcollic  nitrate  nitrite.  Glycol. 

(1229)  Polymerization  of  Ethylene. — When  ethylene  is  sub- 
mitted to  the  action  of  the  silent  electric  discharge  it  becomes 
condensed  into  a  liquid  (P.  a.  A.  Thenard ;  v.  Wilde,  Deut,  chem, 
Ges,  Ber.,  vii.  355).  Polymerides  of  ethylene  are  also  formed, 
although  in  small  quantity,  in  the  preparation  of  the  gas  from 
alcohol  and  sulphuric  acid,  and  in  larger  quantity  by  the  destruc- 
tive distillation  of  the  ethyl  sulphates.  Thus  when  potassic 
ethylic  sulphate  is  distilled,  not  only  is  ethylene  given  off,  but  a 
liquid  polyraeride  is  also  obtained : 

CgHg.KSO^     =      C3H4      +      KHSO^. 

PotasBic  ethylic  sulphate.  Ethylene. 

On  cooling  this  liquid,  a  crystalline  polymeride  of  ethylene,  the 
so-called  eiherin,  separates.     It  melts  at  110®  (230°  P.)  and  boils 

at  260°  (320°  R). 

(1230)  Pbopylenb  or  Pbopene.  --r  Methyl-ethylene  C,H^  =  42. 
H2C=CH(CHj)— This  hydrocarbon  is  present  in  coal-gas,  and  occurs  amongst 
the  products  of  the  destructive  distillation  of  many  organic  bodies.  According 
to  Bertbollet,  a  mixture  of  carl)onic  oxide  and  methane  yields  propylene  when 
passed  through  a  red  hot  tube :  2CH^  +  CO  =  C^H^  +  OH^.  Propylene  was  first 
obtained  by  Reynolds  in  185 1  by  passing  the  vapours  of  fermentation  amylic 
alcohol,  C^Ujj.OII,  through  a  tube  heated  to  redness  ;  it  is  also  produced  in  con- 
siderable quantity  when  a  mixture  of  10  parts  of  oleic  acid,  3  of  potassic  hydrate, 
and  3  of  soda-lime  is  submitted  to  destructive  distillation.  Propylene  may  be 
obtained  by  heating  a-  and  /3'iodopropane  (primary  and  secondary  or  isopropylio 
iodide)  with  an  alcoholic  solution  of  potassic  hydrate : 

CII..CH,.CH,I   +   KHO  =-   CH,.CH=CH,  +   KI  +   OH,. 

a-Iodopropane.  Propylene, 

.CH,.CHI.CH,   +   KHO  =  CH,.Cn=CH,  +   KI   +   OH,. 

^•lo<lop^opane.  Propylene. 

With  the  secondary  iodide,  the  action  takes  place  at  40° — 50°  (104° — 122''  F.), 
but  the  primary  iodide  is  not  attacked  until  heated  to  a  somewhat  higher  tem- 
perature. It  is  also  formed  by  the  action  of  nascent  hydrogen  from  zinc  and 
glacial  acetic  acid  on  /3-dibromopropane  or  propylenic  bromide : 

CH,.CHBr.CH,Br  +  H,  =  CH,.CH=CH,    +    2HBr. 

The  isomeric  y-dibromopropane  or  methylbromacetol  furnishes  propane  (Linne- 
iiiahn,  Ann.  Chem,  Fharm,,  clxi.  43).     According  to  Keboul,  th^  3  isomeric 
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dibromopropanes  (1189)  furnish  the  same  propylene  when  heated  with 
Bodiam,  bat  the  /3  and  y  compounds  are  far  more  readily  decomposed  than 
fl-dibromopropane,  which  requires  heating  with  sodium  to  160°  (320°  F.). 

Propylene  is  best  prepared,  however,  by  bringing  the  a-iodopropylene  or 
illy  lie  iodide  in  contact  with  zinc  and  hydrochloric  acid  : 

2H,C=CH.CHJ  +  2Zn  +  2HCI  =  2H,C=CH.CH,  +  Znl,  +  ZnCl,; 

or  by  the  action  of  fused  zincic  chloride  on  isopropylic  alcohol,  CHj.CH{OH).CH[j. 
The  mixture  of  the  alcohol  with  2\  times  its  weight  of  zincic  chloride  is 
allowed  to  stand  24  hours,  and  then  heated  gently  on  the  Scind-bath,  when  a 
regnlair  evolution  of  gas  takes  place  (Friedel  a.  Silva).  The  action  of  hydriodic 
acid  on  ally  lie  iodide  also  gives  rise  to  the  formation  of  propylene. 

Propylene,  like  ethylene,  is  a  colourless  gas,  condensible  to  a  liquid  by 
strong  pressure:  absolute  alcohol  dissolves  12  to  13  times  its  volume  of  the 
gas.  Propylene  combines  readily  with  chlorine  and  bromine,  and  also  unites 
with  iodine  (i  183, 1 194).  It  combines  with  the  haloid  acids  and  with  sulphuric 
aoid  far  more  readily  than  ethylene ;  in  these  cases  ^-derivatives  of  propane  or 
secondary  or  isopropylic  compounds  are  always  formed ;  thus  : 

CH,=CH.CH,  +  HI  =         CH,.CHI.CH,. 

Propylene,  ^-Lxlopropane 

z^ruy/icue.  ^^  i.^opropylic  lodide. 

CH  =CH.CH,  f  H,SO^       -^         CH,.CH(HSO,).CH,. 

Propylene.  Isopropylic  hydrio  sulphate. 

Markownikoff  has  stated  {^Ann,  Chem.  Pharm.,  cliii.  237)  that  propylene 
unites  with  hypochlorous  acid,  forming  mouochlorinated  secondary  propylio 
alcohol : 

CH,=CH.CH,  +   CIHO  =   CH,C1.CH(0H).CH,; 

but  Henry,  who  has  recently  examined  this  reaction,  finds  that  mouochlorinated 
primary/  propylic  alcohol  is  produced  {Compt.  Hend.,  Ixxix.  1258) : 

CH,=CH.CH,   +    ClOH   =   CH,(0H).CHC1.CH,. 

Propylene.  Chloropropylic  alcohol. 

Propylene  readily  undergoes  polymerization  :  thus  the  hydric  isopropylic 
sulphate  formed  by  the  union  of  propylene  with  sulphuric  acid  gradually  decom- 
poses, even  at  the  ordinary  temperature,  into  sulphuric  acid  and  polymerides  of 
propylene  ;  likewise,  when  a  mixture  of  propylene  and  gaseous  boric  fluoride  is 
allowed  to  stand  over  mercury,  the  propylene  gradually  condenses  into  a  liquid. 

(1231)  BuTYLENE  or  BuTENE. — Ttt/ylene,  C^Hg=  56. — An  olefine  of  the 
composition  C^Hg  was  first  discovered  by  Faraday  amongst  the  gases  obtained  by 
the  defitructive  distillation  of  oil,  and  on  this  account  it  long  went  by  the  name 
of  oil-gas.  Butylenes  have  been  prepared  by  various  methods,  but  the  statements 
with  regard  to  their  properties  are  somewhat  conflicting. 

a-  or  Normal  Butylene. — Ethyl-ethylene,  \lfi=Cl\(0^^. — Wurtz  found 
that  a  mixture  of  iodomethane  and  a-iodopropylene  or  allylic  iodide  diluted  with 
ether,  when  heated  to  100°  (212°  F.)  with  sodium  in  strong  glass  tubes,  yielded 
this  hydrocarbon  : 

CH,I  4-  H,C=CH.CH,I  +  2Na  =  H,C=CH.CH,.CH3.  +  2NaI. 

Tlie  boiling-point  of  the  product  lay  between  —6°  and  +  6"  (2i°'2  and42°'8  F.). 
\V'ith  bromine  it  yields  a  dibromotetrane,  C^IIgBr^,  boiling  at  159°  (3i8°'2  F.) ; 
whilst  with  hydriodic  acid  it  forms  a  secondary  butylic  iodide : 

CH.=CH.C,H,   .   HI   ™  CH,CHI.C.H..,^^,,^G00gIe 
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YHien  normal  primary  batylio  iodide  is  heated  with  an  alcoholic  soltition  of 
potassic  hydrate,  mach  ethylbuty]  ether  is  produced,  but  at  the  same  time  some 
butylene  is  formed  (Saytzeff,  Journ,  pr,  Chem,  [2]  iii.  88).  The  boiling-point 
of  this  butylene  was  not  determined,  nor  was  its  bromide  examined,  but  it  is 
probably  a-butylene  formed  in  the  following  manner : 

CH,.CH,.CH,.CH,I  +  KHO   =  CH,.CH,.CH=CH,  +  KI  +  OH,. 

Primarj  batylio  iodide.  orButylene. 

It  yields  secondary  butylic  iodide  when  combined  with  hydriodic  acid. 

By  the  action  of  zincio  ethide  at  140**  (284°  F.)  on  bromethylene  or  yinylio 
bromide,  Wurtz  obtained  a  butylene  boiling  between  —  8°  and  0°  (i7°'6  and 
32°  F.),  which  combined  with  bromine  to  form  a  dibromotetrane,  C^H^Br,, 
boiling  at  166°  (330°-8  F.)  From  the  mode  of  formation,  there  is  reason  to 
suppose  that  the  hydrocarbon  thus  prepared  is  a-butylene,  thus  : 

CH,==CHBr      +      Zn(C,H,),     =     CH,=:CHC,H.     +        ZnBrC,H,. 

Bromethylene.  Zincio  ethide.  a-Batylene.  Zincio  bromethide. 

The  boiling-point  of  the  dibromotetrane  which  it  yields,  differs,  however,  con- 
siderably from  that  of  the  dibromotetrane  prepared  from  allylic  iodide.  Either, 
therefore,  an  isomeric  change  must  have  taken  place  during  the  formation  of 
one  of  these  hydrocarbons,  or  the  dibromotetranes  were  not  both  obtained  in  a 
state  of  purity  ;  the  latter  appears  to  be  the  more  probable  explanation. 

0' Butylene,  Dimethy Ethylene,  CH,.HC=CH.CH3. —  Secondary  butylic 
iodide  readily  furnishes  a  butylene,  when  acted  upon  by  an  alcoholic  solution  of 
potassic  hydrate,  which  is  probably  a  dimethyl-^thylene  of  the  above  form,  since 
it  yields  a  chlorinated  seconda/ry  butylic  alcohol  when  combined  with  hypo* 
chlorous  acid : 

CH,.CH,.CHI.CH,  +  KHO  =  CH3.HC.=CH.CH3  +  KI  -1-  OH,. 

CH,.HC=CH.CH,  +  ClOH  =  CH,.CHC1.CH(0H).CH3. 

According  to  De  Luynes,  the  butylene  thus  prepared  boils  at  3°  (37°*4  F.),  and 
solidifies  to  a  crystalline  mass  when  cooled  in  a  mixture  of  ether  and  carbonic 
anhydride  in  vacuo;  with  hydriodic  acid  it  yields  secondary  butylic  iodide.  It 
forms  with  bromine  a  dibromotetrane  which  boils  at  159°  (318°  2  F.)  (Lieben). 

yButylene;  DimethyUethylene,  (CH J^C  =  CH,.— Very  little  butylene  is 
obtained  when  isoprimary  and  tertiary  butylic  alcohols  are  treated  with  sulphuric 
acid  or  zincic  chloride,  the  greater  portion  undergoing  polymerization  at  the 
moment  of  formation ;  by  the  action,  however,  of  an  alcoholic  solution  of  potassic 
hydrate  on  the  butylic  iodides  prepared  from  these  alcohols,  an  almost  theoretical 
yield  of  so-called  isobutylene  is  obtained : 

CH(CH3),.CH,I  +  KHO  =   C(CH.),=CH.  +  KI  -h  OH,. 

laoprimaiy  batylio  iodide.  Y'Batylene. 

C(CH,).I       -I-    KHO  =  C(CH,)  =CH,  +  KI  -»-  OH,. 

Tertiary  batylio  iodide.  y-Butylene. 

It  is  also  produced  when  the  vapours  of  fermentation  amylic  alcohol  are  passed 
through  a  red-hot  tube,  and  by  the  electrolysis  of  an  aqueous  solution  of  potassic 
isovalerate,  in  the  latter  case  accompanied  by  diisobutyl. 

It  may  be  condensed  to  a  colourless  liquid,  which  boils  at  about  —  7^  (i9'''4  F.) 
It  is  entirely  absorbed  by  a  concentrated  cold  aqueous  solution  of  hydriodic  acid, 
with  which  it  unites  more  readily  than  a-butylene,  and  forms  d*iodotetrana 
or  tertiary  butylic  iodide : 

C(CH.).=CH.  +  HI  =  c(CHj^.,^^,,^GoogIe 
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When  isobutylene  is  enclosed  in  a  tnbe  with  ooneenfaraied  hydrochloric  acid,  and 
the  mixture  heated  to  loo^  (212**  F.),  it  is  entirely  converted  into  d-chloro- 
ietnne  or  tertiary  batylic  chloride.  It  la  also  absorbed  by  a  mixture  of  3  pts. 
eonoentrated  sulpharic  acid  and  i  pt.  water,  and  partially  converted  into  tertiary 
botjlic  hydric  sulphate,  C(CH,'i^.HSO^.  A  considerable  portion,  however, 
undergoes  polymerizatioD,  a  colourless  oil  being  produced,  which  consists  chiefly 
d  iriitobtUylene,  C„H,^,  boiling  at  1 73**— 1 76**  (343°-4— 348'*-8  F.).  Accord- 
ing to  De  Lnynes,  a-butylene  is  also  readily  polymerized  by  sulphuric  acid. 

Isobatylene  combines  with .  hypoohlorons  acid,  forming  monoohlorinated 
iwprimaiy  butylic  alcohol : 

C(CH,)  — CH,  +   ClOH  ^  Ca(CH,),.CH,(OH). 

This  result,  it  will  be  seen,  is  in  accordance  with  the  law  previously  enunciated, 
that  the  more  negative  radicle  of  the  compound  uniting  with  an  olefine  attaches 
itaelf  to  the  least  hydrogenized  carbon  atom.  According  to  Saytzeff,  however, 
butylene  from  primary  butylic  iodide  produces  monochlorinated  secondary  butylic 
alcohol  when  combined  wiUi  hypochlorous  acid ;  if  this  butylene  be  correctly  re- 
presented by  the  formula  above  given,  the  result  would  not  be  in  accordance  with 
the  law  in  question,  which  requires  the  formation  of  a  chlorinated  primary 
'  batylic  alcohol : 

CH— CHC,H,  +   aOH   =  CH,(0H).CHC1.C,H^ 

(1232)  Amylbns,  Pbnttlsne  or  Pemtbne:  C,Hj^  =  7o. — Several  amy- 
knes  have  been  obtained,  but  as  yet  they  have  been  but  imperfectly  investi- 

Normal  or  a-AmyUne,  Propylethylene :  CH^CH.CH,.CH,.CH,  or 
CH^CH(C,Hy)». — Wurtz  prepared  this  hydrocarbon  by  acting  on  ally  lie  iodide 
witii  zincio  ethide : 

CH^CH.CH,I  +  Zn(C,H,),  =  CH,ZlCH.CH,.C,H.  +  ZnIC,H,. 
AUylie  iodide.  Ziodc  ethide.  orAmjlene. 

Ite  boiling-point  lies  between  35*  and  40**  (95® — 104**  F.),  but  has  not  been 
acearately  determined,  as  the  amylene  can  only  be  separated  with  difficulty  from 
the  pentane  and  other  hydrocarbons  produced  at  the  same  time.  When  the 
nixtare  of  ohloropentanes  obtained  on  chlorinating  normal  pentane  is  decomposed 
with  potaesic  acetate,  it  yields  a  considerable  quantity  of  pentylene  boiling  at 
39*^—40*'  (io2**'2 — 104°  F.)  (Schorlemmer) ;  this  product  undoubtedly  con- 
tains a-amylene,  but  probably  mixed  with  an  isomeric  olefine.  a-Amylene 
combines  with  hydriodic  acid,  forming  normal  secondary  amylic  iodide  : 

CH  — CH(C,H,)*   +    HI  =   CH,.CHI.C,H,. 
orAmylene.  Amjlio  iodide. 

This  iodide  boils  at  146'' 5  its  sp.  gr.  at  0°  (32''  F.)  is  i'S37,  and  at  ii* 
(5i°'8  F.)  1*5219;  it  is  only  partially  decomposed  by  moist  argentic  oxide  at 
ordinary  temperatures  (Wurtz.,  Ann,  CAem,  PAarwi.,  cxlviii.  131).  a-Amylene 
unites  with  bromine,  forming  a  dibromopentane,  C.H,.6r„  boiling   at  about 

Amylene  from  isoprimary  amylic  iodide.  Isopropylethylene  (?): 
CE;z:^R(Cflj)fi  or  CH—CH.CH(CH J,.— According  to  Flavitzsky  {Ann. 
Ckem.  Pharm.,  clzix.  205),  the  amylic  iodide  from  optically  inactive  fermenta- 
tioD  amylic  alcohol,  when  acted  on  with  an  alcoholic  solution  of  potassio 
bydrafte,  furnishes  an  amylene  which  boils  at  25°  (77°  F.).     Most  probably  the 
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reaction  which   occurs    in    this   case  is  that   represented    by  the  following 
.  equation : 

CHJ.CH,(C,H/  +  KHO  =   KI  +0H,  +   CH— CH(C,H/. 

AxD7lic  iodide.  Amylene. 

When  this  amylene  is  combined  with  hydriodic  acid,  and  the  resulting  amylie 
iodide  is  decomposed  with  potassjo  hydrate,  an  amyleoe  is  obtained,  boiling  at 
35°  (95°  ^0»  identical  with  that  formed  by  the  action  of  dehydrating  agents 
on  fermentation  amylie  alcohol. 

Amylene  from  isoprimary  amylie  aleohoL  (P)  Trimethylethyleme : 
C(CHJ^CH.CHg.— This  modification,  which  is  that  commonly  known  as 
*'  amylene,"  is  obtained  by  the  action  of  dehydrating  agents  on  fermentation 
amylie  alcohol.  Ooe  of  the  most  convenient  ways  of  preparing  it  is  to  allow  a 
mixture  of  i  pt.  of  the  alcohol  with  i^  pts.  of  zincic  chloride,  to  stand  several 
days  with  frequent  agitation,  and  then  to  distil  until  the  thermometer  indicates 
a  temperature  of  J30** — 140°  (266**— 284*^  F.) ;  or  i  pt.  of  alcohol  may  be 
slowly  distilled  with  2^  pts.  of  zincic  chloride  until  |  of  the  liquid  has  passed 
over ;  the  remaiuing  fluid  portion  is  then  poured  off  from  the  chloride,  and 
the  operation  repeated  3  or  4  times  with  fresh  quantities  of  alcohol.  The 
amylene  is  separated  from  the  distillate  by  fractional  distillation.  It  is  a  ^ 
colourless  mobile  liquid  of  sp.  gr.  '663  at  0°  (32°  F.),  and  boils  at  about  35*  ' 
(95°  F.). 

It  was  long  supposed  that  this  amylene  bore  a  very  simple  relation  to  the 
alcohol  from  which  it  is  produced,  its  formation  being  assumed  to  take  place  in 
the  manner  indicated  by  the  equation : 

CH,(OH).CH,.CH(CH,),  -  OH,  »  CH,  —  CH.CH(CH^^ 

Amjlic  AloohoL  Amylene. 

Flavitzsky's  recent  experiments  {loc.  cit,  and  J)eut.  chem,  Geg,  Ber.,  18759 
viiL  264),  however,  clearly  show  that  this  is  not  the  case,  and  tend  to  prove  that 
the  amylene  prepared  in  the  manner  described  has  the  formula  C(CH J^zX^H.CH,, 
an  isomeric  change  having  taken  place  during  its  formation.  The  occurrence  of 
such  change  is  by  no  means  surprising,  for  the  result  of  the  action  of  zincic 
chloride  on  amylie  alcohol  is  extremely  complex :  Wurtz  found  (Ann,  Chem, 
PAorm.,  cxxviii.  225)  that  a  mixture  of  hydrocarbons  of  th^  paraffin  and  olefine 
series  was  produced  under  these  circumstances,  in  which  he  was  able  to  prove  the 
presence  of  the  following  members : 


Amylene, 

Pentane, 

Hexylene, 

Hexane, 

Heptylene, 

Heptane, 

Octylene, 

Octane, 

Nonylene, 

Nonane, 

Becylene  or  Diamylene, 

Decane. 

He  also  obtained  evidence  that  still  higher  terms  of  the  two  series  of  hydro- 
carbons were  formed. 

Amylene  combines  directly  with  the  haloid  acids,  with  chlorine  and  bromine, 
with  hypochlorous  acid,  nitric  peroxide,  and  a  number  of  other  compounds.  The 
iodopentane,  or  amylie  iodide,  which  is  formed  by  its  union  with  hydriodic  acid, 
boils  at  about  130°  (266^  F.),  but  is  at  the  same  time  partially  decomposed  ;  it 
is  readily  acted  upon  by  moist  argentic  oxide,  being  converted  into  an  amylie 
alcohol,  which  appears  to  be  identical  with  the  tertiary  alcohol,  ethyldimetkyU 
carhiml  (Flavitzsky) : 
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C(CH,)— CH.CH,  +   HI  =^  CI(CH,VCH,.CH.; 

Amylene. 

2CI(CHJ..CH^.CH,  +  Ag,0  +  0H,  =   zC(OH)(CHJ,.CH,.CH.  +  2AgL 

Ethyldimeihylcarbmol. 

Amjlene  is  very  readfly  polymerized  by  sulphurio  aoid,  but  by  passing  a  slow 
ifaMtm  of  carbonic  anhydride  laden  viith.  amylene  vapoar  into  a  mixture  of 
3  pts.  snlphuric  aoid  and  i  pt  water,  a  considerable  amount  of  an  amylic 
bjdric  sulphate  is  produced  (Flavitzsky^  ^««.  Ckem.  I^harm,,  clrv.  157);  the 
aiBohol  obtained  on  distilling  this  compound  with  water  appears  to  be  ethyl- 
dimethylcarbinol  (see  Amylic  alcohols,  Isopropylcarbinol) :. 

C(CH,)  — CH.CH^H- H,SO,  =   C(HSOJ(CH,),.CH,.CH,; 

Amylwe. 

C(HSO^)(CH,VCH^.CH,  +  OH,  =»   C(OH)(CH,),.CH,.CH,  +   H,SO,. 

Ethjldimrthylearbinol. 

Amyleneflrom  etkyldimeth^lcarbinoL-^The  amylene  which  is  produced  by 
the  sddon  of  potasaic  hydrate  on  the  amylic  iodide  firom  ethyldimethylcarbinol 
(Jennolajeff,  Deut,  chem.  Qes.  Ber,,  vr,  560) : 

CI^CHJ^CH^CH,  +  KHO  =  C(CH,)  — CH.CH,^  +  KI  +  OH^, 

Amylene. 

tppMTB  to  be  identical  with  that  which  is  formed  by  the  action  of  zincic 
chloride  on  fermentation  amylic  alcohol  {tbid^  viii.  264).  It  .boils  at  35° 
(95°  f,\  and  combines  with  hydriodic  acid,  reproducing  the  iodide  from  which 
it  was  prepared. 

Amylene  from  diethylcarhinol :  CH(CH,)ZZCH(C,HJ.  (P)  Msihylethyl" 
eUylate. — The  amylic  iodide  from  diethylcarbinol  is  converted  by  potassic  hydrate 
iato  an  amylene,  which  boils  at  36°  (96°'8  F.) : 

CH^.CH^CHI.CH,.CH^  +  KHO  =  KI  +  OH,  +  CH^.CH— CKCH^CH,.  - 
It  oombmea  with  hydriodic  acid,  forming  an  iodide,,  which  has  the  same  boiling- 
point  (145°  C.)  and  sp.  gr.  (1*520  at  Q^  C.)  as  that  from  which  it  was  obtained 
(Baytttff  a.  Wagner,  Ann.  Chem,  Pharm,,  clxxv.  351). 

Amylenes  from  other  tourcee, — By  heating  monochlorinated  isoprimary 
imylic  chloride  with  sodium,  Buff  {fbid.  cxlviii.  349J  obtained  an  amylene  boiling 
al  28° — 30®  (82*'*4 — 86"*  F.),  but  none  of  its  derivatives  were  examined. 

According  to  Le  Bel  {Compt,  Mend.,  Ixxv.  267),  the  oil  obtained  on  dis- 
fallmg  the  pitch  from  Peohelbronn  in  Alsace  contains  two  isomeric  amyleBes,.one 
of  which  combines  with  hydrodiloric  acid  in  the  cold,  forming  an  amylic 
•hloride  boiling  at  85''— 87''  (185''— 188''-6  F.),  the  corresponding  iodide  boil- 
ing at  130**  (266°  F.),  and  the  alcohol,  C.H^^.OH,  at  105°  (221°  F.).  The 
seoond  amylene  requires  to  be  heated  with  hydrochloric  acid  to  produce  the 
amylic  chloride ;  this  boils  at  95°  (203^  F.)i  ^nd  is  converted  by  potassic  iodide 
into  amylic  iodide,  boiling  at  145*'  (293^  !^0)  ^^°^i^l^ich  an  amylic  alcohol 
boiling  at  120**  (248^  F.)  may  be  olitained.  These-  two  amylenes,  therefore, 
voold  seem  to  be  identical,  the  ibrm&t>  with  0-,  and  the  latter  with  o-amylene. 

(1233)  Heztlskb  or  Hexeni?  :.  C^H^,  =  84. — Although  hydrocarbons  of 
the  composition  C^H^,  have  been  obtained  from  a  variety  of  sources  {vid.  Hecht, 
Ann.  Chem.  Pharm^  clzxii  62)  very  little  is  at  present  known  about  the 
greater  number  of  them. 

NoKKAL  or  a-HEXYLSiTE  or  Hexene.  Primary  hutylethylene : 
CH^H.CH,.CH,.CH,.CH^or  CH  — CH(C,H,)«,  is  formed  by  the  action  of  an 
ilo^lie  wlution  of  potasaic  hydrate  on  the  secondary  hexylic  iodide  from  mannite  : 
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CH,.CHI(C,H>  +  KHO  =   KI   +  OH.   +   CH  — CH(C,H,)«* 

It  oocnrs  in  the  light  oils  from  boghead  and  Cannel  coal,  and  Li  amongst  the 
products  of  the  decomposition  of  paraffin  by  heat  (1164).  Bj  acting  with 
potasnic  acetate  on  the  mixture  of  chlorohexanes  formed  by  chlorinating  normal 
hezane,  Schorlemmer  obtained  a  hezylene  boiling  at  about  70°  (158^  F.).  This, 
however,  would  seem  to  be  a  mixture  of  inomeric  olefines.  The  hexylene 
obtained  by  Geibel  and  Buff  (Ann,  Chem.  Pharm.,  cxlv.  no)  on  heating 
dichlorohexane  from  petroleum  hexane  with  sodium  is  probably  a-hexylene. 

a-Hexylene  is  a  colourless  liquid,  which  boils  at  65° — 66*'  (149** — i5o''8  F.) 
under  the  pressure  of  710  mm.  of  mercury ;  its  sp.  gr.  at  0°  (32"  F.)  is  '6996 
(Hecht,  ibid,,  clxv.  150).  It  unites  readily  with  hydriodic  acid,  reforming 
secondary  hexylic  iodide. 

JSexyUfie  from  Pinacolic  Alcohol.  (?)  Tertiary  hutylethylene  : 
CH  — CH.C(CH^),.  or  CH—CH(C,HJ«.— According  to  Friedel  and  Silva 
{Compt  Bend.,  Ixxvi.  229)  the  action  of  potassic  hydrate  converts  the  iodide  of 
tertiary  butyl-methyl-carbinol  or  pinacolic  alcohol  into  a  hexylene  boiling  at  about 
70°  (158°  F.): 

CH..CHI.(C,H,)«   +   KHO  =   KI  +  OH,   +   CH— CH(C,H,)». 

Herylene  from  dietkylmethylcarhinoL  (P)  Bimethylethylethylene : 
CH(CH,)IZC(CH^(C,H J.— This  hydrocarbon,  produced  by  the  reaction : 

CH,.CHj\  pTT    fttr    \ 

CI  +  KHO  =  KI  +   OH,   +  ^**«'^^»|C=::CH.CH,. 


CH,.CH, 


boils  at  ^it"^ — 72**  (i54**'4 — i6i°-6  F.)  ;  hydriodic  acid  reconverts  it  into  the 
iodide  from  which  it  is  formed  (Tschaikowsky,  Deut.  chem,  Ges,  Ber.,  v.  330). 

Other  Hexylenes, — Hexylenes  have  been  obtained  by  Prunier  (Compi, 
Bend,,  Ixxvi.  98)  by  the  action  of  nascent  hydrogen  on  bromopropylene, 
and  by  Silva  by  the  action  of  argentic  acetate  on  monochlorinated  diisopropyl ; 
neither  of  these  hydrocarbons  has  been  examined,  however. 

Pechelbronn  petroleum,  according  to  Le  Bel,  contains  two  isomeric  hexylenes, 
one  of  which  combines  with  hydrochloric  acid  in  the  cold,  and  the  other  on 
warming,  forming  hexylic  chlorides  which  boil  respectively  at  about  116^ 
(240^-8  F.)  and  123°  (253**-4F.). 

(1 234)  Hbpttlenb  or  Heptene  :  C,Hj^  =  98.— When  the  isomeric  paraffins, 
normal  heptane,  ethyl-isoamyl,  and  the  hydrocarbon  boiling  at  about  90°  (194°  F.), 
which  is  contained,  together  with  normal  heptane,  in  Pennsylvania  petroleum, 
are  treated  with  chlorine,  monochlorinated  paraffins  are  produced  which  on 
being  decomposed  with  potassic  acetate  yield  heptylenes ;  in  each  case,  however, 
the  product  appears  to  be  a  mixture  of  isomeric  olefines  (Schorlemmer,  Joum. 
Chem.  8oe,,  1873,  xxvi.  323).  Thus,  of  the  heptylene  from  normal  heptane 
which  boils  at  about  98^  (2o8'''4  F.),  somewhat  less  than  one-half  com- 
bines with  cold  hydrochloric  acid,  producing  a  heptylic  chloride  which  boils  with 
decomposition  at  about  140^  (284''  F.);  the  remaining  portion  of  the  hydro* 
carbon  when  heated  at  120"  (248**  F.)  with  hydrochloric  acid  forms  an  isomeric 
heptylic  chloride  boiling  at  147® — 150°  (300*^*2 — 302°  F.).  The  hydrocarbon 
from  which  this  latter  is  produced  is  probably  o-  or  normal  heptylene, 
CH^IlCH(C,H  y*.  By  far  the  greater  portion  of  the  heptylene  boiling  at 
90* — 92°  (194  — 197*''6  P.),  from  the  isomeric  heptane  from  petroleum,  com- 

*  If,  however,  the  butylene  from  secondary  bntylic  iodide  has  the 
constitution  CH(CH,)~CH(CH,),  it  is  very  probable  that  this  hexylene  is 
CH(CH^=CH(C.H,)..  Cnnalp 
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bines  readily  with  cold  hydrochloric  acid ;  but  only  a  little  more  than  one-half 
of  the  heptylene  boiling  at  aboat  91"  (195^*8  F.)  from  ethyl-isoamyl  combines 
with  this  acid  in  the  cold,  forming  a  heptylio  chloride  boiling  at  134° — 137^ 
(273«-2— 278^-6  F.). 

Heptylene  from   dimethylisohuUflcarhinoL     (P)    Dimethylisopropyleihy' 

Une:    \\  or   C(CH^— CH(C,H,y».— The   iodide  of   dimethyl- 

CH.CHCCH,), 

iMbntyl-carbinol,  when  deoompoeed  by  an  alcoholic  solution  of  potassic  hydrate, 
yidds  a  heptylene  bailing  at  83°— 84''  (i8i°-4— 183''-2  F.)  of  the  sp.  gr. 
7i4ato°(32«F.): 


f(CH,),  —        ^-         9(^*)« 

ICH^CJ 

Dimethyliaobatylio  iodide. 


^^  {cH;6fl(CH^^^  +  KHO  =  XI   +   OH.    +    |  |   . 


CH.CH(CH,), 


This  heptylene  combines  rery  readily  with  hydriodic  acid,  reproducing  dimethyl-'^ 
iaobotylic  iodide  (Pawlow,  Beut.  cAem.  Oes.  Ber.,  ru,  729). 

A  heptylene  which  is  very  probably  identical  with  that  from  dimethyl- 
isobatyl-carbinol  was  obtained  by  Markownikoff  (Zeits,  CAem,,  187 1,  268)  by 
beating  oxyisocaprylic  acid  with  water  and  a  few  drops  of  sulphuric  acid  to 
160^  (320^  F.): 

ffiSH}^(^^)-^^^    =11^^*"  +    OH.   +    CO.. 

(CHJ.CH/  CH.CH(CHJ. 

QzyiflooBprylio  add. 

It  boils  at  Si**— 83''  (i77°-8— 181*^*4  F.),  and  at  14*  (S7*-2  F.)  has  the  sp.  gr. 
•6985. 

Heptylene  from  triethf/lcarhinol:  C(C,H,),nCH.CH,;  <yr  MethyldiethyU 
etkylene. — When  triethylcarbinol  is  heated  with  an  oxidizing  mixture  of  potassic 
didiromate  and  sulphuric  acid,  a  small  quantity  of  a  heptylene  is  produced, 
which,  however,  has  not  yet  been  examined.  Its  formation  is  doubtless  due  to 
the  dehydrating  action  of  the  sulphuric  acid. 

(1235)  OcTYLENB  or  OcTEWB :  CgHj^=H2. — Normal  or  a-Octylene. 
Hexyletkylene :  CH.^CH(C0H„)<^,  which  is  obtained  by  distilling  the  normal 
secondary  octylic  alcohol,  methyl-hexyl-carbinol,  with  fused  zindc  chloride : 

CH..CH(OH).C.H„  =  OH..  +  CH  — CH.C.H^ 

MetbylhexylcarbiBol.  Octjlene. 

is  the  only  octylene  which  has  yet  received  attention.  It  is  a  colourless  liquid, 
which  bpUs  at  126**— 128**  (2S8°-8— 262^-4  F.),  and  at  25°  (7i°-6  F.)  has  the 
sp.  gr.  '714  (Neison,  Joum,  Chem,  Soc.,  1874,  xxviL).  It  unites  with  bromine, 
ibrming  a  dibromoctane,  which  is  decomposed  on  distillation ;  with  chlorine  it 
produces  a  dichloroctane,  wbbh  boils  at  205* — 210®  (401® — 410**  F.). 

(1236)  NoNYLBNE  or  NoiTBNE:  C,H^g=  126. — ^Nottc  of  the Nonyleucs  havo 
hitherto  been  examined. 

(1237)  Dbcylbnb  or  Dbcbnb:  C^^H.^=  140. — ^The  only  decylene  which 
has  been  examined  is  the  so-called  D^iamylene,  which  is  formed  together  with 
amylene,  triamylene,  tetramylene,  &c.,  by  the  action  of  zincic  chloride  on  fermen- 
tation amylic  alcohoL  It  is  best  prepared,  however,  by  the  action  of  sulphuric 
add  on  amylene.      For   this   purpose,  a  quantity  of  amylene  not   exceeding 

50  grammes  is  introduced  into  a  stoppered  glass  cylinder  placed  in  ice-cold<water.    j 
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and  tmce  its  Tolame  of  a  well-oooled  miztore  of  2  vok.  concentrated  sulphuric 
acid  and  i  vol.  water  is  added.  The  reaction  is  at  first  violent,  and  much  heat 
is  evolved ;  but  as  soon  as  it  has  moderated,  the  mixture  fthould  be  shaken  from 
time  to  time  until  no  further  action  is  observed ;  the  oily  layer  floating  on  the 
sulphuric  acid  is  then  removed,  washed  with  water,  dried  over  calcic  chloride, 
and  the  diamylene  separated  by  fractional  distillation.  Diamylene  thus  pre- 
pared boils  at  150** — 153°  (302* — 3^1*^4  F-)  inder  the  pressure  of  720  mm.  of 
mercuiy;  its  sp.  gr.  at  0°  (32°  F.)  is  '8416,  and  at  20**  (68°  P.)  '8248 
(Schneider,  Ann,  Chem,  Phartn,,  clvii.  207). 

The  conversion  of  amylene  into  diamylene  by  sulphuric  acid,  and,  in  fact, 
the  polymerization  of  the  defines  generally  under  the  influence  of  that  reagent,  is 
readily  explained,  on  the  supposition  that  the  define  at  first  enters  into  union 
with  the  acid,  and  that  the  resulting  compound  is  broken  up  again  into  sulphuric 
acid  and  define,  two  or  more  molecules  of  the  latter  coalescing  at  the  moment  of 
separation  to  form  the  polymeric  hydrocarbon.  If  the  formula  assigned  to 
diamylene  by  Butlerow  lAnn,  Chem,  Pharm,,  dxxiii.  375)  be  adopted,  the 
conversion  of  amylene  into  diamylene  may  be  thus  represented  : 

C(CH,),  C(HSO,)(CHJ, 

II  +    H.SO,    =     I 

CH.CH.  CI 


Amylene. 


3H,.CH, 


C(HSOJ(CHJ,  CH(CH,). 

I  =     H,SO,    +      I  , 
CH^.CH,                                    — COH, 

Amjlene. 

C(CH,)(C.H,)ff 
2=C(CH^(C.H,)I»    =11 

C(CH^(C,H,y 

Diomjrlena. 

The  amylene,  which  boils  at  25°  (77""  F.)  is  also  converted  into  the 
4iamylene  by  aulphuric  acid : 

CH(C,H/  CH(HSOJ(C.H,)^ 

I I  +   H.SO,  =     1  , 
CH,                                      CH, 

Amylene. 


CH(HSOJ(C,H/  -C(C,H/ 


H^,5 


CH,  CH, 

Amylene. 

C(CHJ(C.H,y» 
C(CH.)(C.H,)(» 

Diamylene. 

Diamylene  'combines  with   bromine,  forming  a  dihromodecane  or  diamylene 
hramide,  Cj^H^Br,,  which  cannot  be  distilled  without  decomposition. 

(1238)  Other  Olefines, — A  number  of  higher  homdogues  of  the  defines 
liave  ^een  imperfectly  described.  Some  of  these  are  met  with  amongst  the 
products  of  destructive  distillation,  and  others  have  been  prepared  artificially ; 
the  properties  of  none  of  these  hydrocarbons,  however,  havi(rbeen  examined. 
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An  eudeeylene,  C^H^,  in  obtained  on  distilling  the  bromendecane  obtained  from 
methylnonylcarbinol,  CH(CH^(C,H J*  OH ;  it  boils  at  200*  (392**  P.). 
Triamjlene  and  tetramylene  are  prodncts  of  the  action  of  sulphuric  acid,  &c.  on 
amylene  from  fermentation  amjlic  alcohol ;  they  are  oily  liquids,  which  boil  at 
248^*  (478°-4  F.)  and  390**— 400**  (734^*— 752"*  F.).  Cetene,  C„H^,  Cerotene, 
0„H^,  and  Midenef  ^m^m'  ^®  obtained  on  distilling  cetylic,  cerylic,  and  melissio 
al6ohols,  which  are  thereby  resoked  into  the  corresponding  olefines  and 
waUsr;  eetene  is  a  liquid  which  boils  at  275"*  (527^F.),butcerotene  and  melene 
are  ciystalline  bodies  which  are  decomposed  on  distillation. 


Haloid  Debiyatiybs  of  the  Olbfiitss. 

(1239)  At  present  our  knowledge  of  the  haloid  deriv-atives  of  the  olefines  is 
somewhat  limited.  Preparation. — ^They  cannot  be  produced  by  the  action  of 
the  halogens  on  the  olefines,  but  are  obtained  by  withdrawing  the  elements  of  a 
molecule  of  hydrochloric,  hydrobromic,  or  hydriodic  acid  from  the  chloro-,  bromo^, 
or  iodo-derivatires  of  the  parafiins  (excepting  the  mono-derivatives,  these  furnish- 
ing  the  olefines),  which  for  this  purpose  are  usually  heated  with  an  alcoholic  solution 
of  potassie  hydrate.  Thus  when  a-  or  /9-dichlorethane  (ethylenic  or  ethylidenio 
chloride)  is  submitted  to  the  action  of  potassie  hydrate,  monoeJdorethyleney  or 
vinjUe  chloride  as  it  is  frequently  termed,  is  produced : 

CH,CLCH,a  +   KHO   =   CH  — CHCl   +   KCl   +   OH,. 

••DicUonthane.  Mooochloretlvlaoa. 

CH,.CHC1,   +   KHO  =   CH^zXJHCl   +   KCl   +  OH,. 

/^DidilorothHie.  Monochlonittayleiw. 

The  ehlorethyleae  thus  formed  may  be  combined  with  chlorine,  producing  a 
trichloiethane,  G,H,Cl,^  which  furnishes  dichlorethylene,  C,H,C1,,  when  acted 
upon  by  potassie  hydrate ;  and  firom  which  in  turn  tetrachlorethane,  C,H,C1^ 
niay  be  prepared  and  converted  into  tricklorethylette,  C,HC1,;  and  finally  the 
pentachloretiiane,  OJBCl^,  procured  by  combining  trichlorethylene  with  chlorine, 
may  be  made  to  fumitih  tetraehloretJ^lene,  C,C1^.  The  dblorinated  paraffins 
obtained  by  directly  chlorinating  paraffins,  in  mo^  cases  are  also  available  for  the 
preparatLoQ  of  chlorinated  olefines ;  bromo-derivatives  of  the  olefines  may  also  be 
obtained  in  a  precisely  similar  manner.     Very  few  iodo-olefines  are  known. 

Haloid  derivatives  of  the  olefines  are  also  obtained  by  combining  the  hydro- 
carbons of  the  CnHm_2  ^^  acetylene  series  with  the  haloid  acids  and  halogens. 
Thus  acetylene  unites  with  chlorine  to  form  a  dichlorethylene : 

C,H,   +   CI,  =   C,H,C1,; 
Aoe^lene.  Dichlorethjlenar 

whilst  with  hydriodk  acid  it  produces  iodethylene  s 

C,H,  +   HI   =   C,HJ. 
Acetjleoe.  lodethjlena 

Properties  of  the  haloid  derivoHvee  cfthe  olefimesj — They  are  capable  like 
tiie  olefines  of  combining  with  the  halogens  in  the  manner  described  above,  and 
also  with  the  haloid  a6ids  and  with  hypochloroue  acid ;  probably  too,  with  many 
other  compounds  which  unite  with  the  olefines. 

In  connexion  with  the  olefines,  attention  has  been  already  called  to  the  law 
which  appears  to  govern  the  combination  of  the  olefines  with  other  compounds — > 
viz.,  that  the  more  negative  radicle  of  the  compound  entering  into  vnioa  with 
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the  olefine,  attaches  itself  to  the  least  hydn^Dized  earboQ  atom  ia  the  olefiDe. 
It  has  jet  to  he  ascertained  whether  this  law  obtains  throughout  the  whole  series 
of  olefines,  and  whether  it  is  not  more  or  less  dependent  upon  the  conditions  of 
experiment.  In  the  case  of  the  haloid  derivatives  of  the  defines,  it  is  known 
that  the  mode  of  combination  witli  the  haloid  acids  is  entirely  dependent  upon 
the  conditions  at  the  moment  of  union.  Thus,  bromethylene  combines  with 
hjdrobromic  acid^  producing  both  a-  and  /3-dibromethane : 

CH  — CHBr   -»-   HBr   =   CH,Br.CH^r. 

Brometbjlene.  a-Dibrometbanc; 

CH,Z:CHBr   +    HBr   =   CH^CHBr^ 
BromethjleDe.  ^Dibrometbane. 

The  former  is  mainly  produced  by  the  action  of  a  very  concentrated  solution  of 
the  acid  acting  at  the  ordinary  temperature,  whilst  the  latter  is  chiefly  formed  by 
the  action  of  a  less  concentrated  solution  at  a  temperature  of  100**  (212^  F.). 
(Reboul,  C(mpt,  Rend.,  Ixx.  398  a.  853.) 

It  is  an  interesting  circumstance  that  the  converse  appears  to  hold  good  in 
the  case  of  the  formation  of  certain  of  the  haloid  derivatives  of  the  olefines 
from  haloid  derivatives  of  the  paraffins.  Thus  the  chloro-  and  bromopropylene» 
formed  by  heating  /S-dichloro-  and  0-dibromopropane  with  an  alodiolic  solution 
of  potassic  hydrate,  are  each  mixtures  of  two  isomeric  bodies  : 

CH,.CHCl.CH,a   +   KHO   =  CH,.CH— CHCl   +   KCl   +   OH.. 

/^-Diobloxopropaae.  Cbloiopropjlene. 

CH,.CHaCH,Cl   +   KHO   =   CH,.CClZlCH,     +   KQ   +   OH,. 

Like  the  defines  themselves,  the  haloid  derivatives  of  the  defines  in  many  cases 
readily  undergo  polymerization. 

(1240)  Haloid  Debivatives  oy  Ethylene.  Monochlobsthtlene. 
Vxnylic  cAUn-ide:  C,H,C1  =  H,CZZCHC1  =  6 2  S.— This  compound  is  pre- 
pared by  heating  a-dicblorethane  or  ethylenic  chloride,  CH.CI.CH^Cl,  with  an 
alcoholic  aolation  of  potassic  hydrate ;  it  is  also  obtained  in  a  similar  manner, 
although  less  readily,  from  /3-dichlorethane  or  ethylidenic  chloride,  CH^CHCI,.  It 
is  a  colourless  gas,  having  an  alliaceous  odour,  and  may  be  condensed  by  cold 
to  a  liquid  boiling  at  -  18°  (  —  o***4  F.). 

a-Dichlorethane  is  usually  prepared  for  the  above  purpose  by  allowing  a 
current  of  chlorine  and  a  current  of  ethylene,  both  in  a  moist  state,  to  meet  in  a 
large  glass  globe  exposed  to  diffused  daylight.  It  may  also  be  procured  by 
Limpricht's  method  of  passing  ethylene  gas  through  a  mixture  of  manganic 
peroxide  and  hydrochloric  acid,  which  is  gently  heated,  and  the  mixture  distilled 
when  the  gas  ceases  to  be  absorbed ;  but  a  far  better  method  is  to  pass  ethylene 
into  antimonic  chloride,  SbCl^,  as  long  as  it  is  absorbed,  or  when  a  large  quantity 
is  required,  ethylene  and  chlorine  simultaneously  into  antimonic  chloride.  The 
product  is  then  distilled  until  the  distillate  no  longer  yields  an  oily  liquid  on  the 
addition  of  water.  The  oil  obtmned  by  either  of  these  processes  is  separated 
from  the  aqueous  liquid  and  agitated,  first  with  a  dilute  solution  of  sodic  hydrate, 
and  then  successively  with  small  quantities  of  concentrated  sulphuric  acid  as  long 
as  the  latter  becomes  coloured.  It  is  finally  rectified.  The  pure  substance  is  a 
colourless  liquid,  which  is  insoluble  in  water,  but  miscible  with  alcohol  and  ether 
in  all  proportions. 

There  is  reason  to  believe  that  a-dichlorethane  is  produced  together  with 
/9-dichIorethaiie  by  the  action  of  chlorine  on  monochlorethane  or  ethylic  chloride^ 
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tiDce  it  is  obtained  as  a  bye-product  in  the  manufacture  of  chloral  (Kramer,  Deut 
ciem.  Oes.  JBer,,  iii.  257). 

DiCHLOBBTHTLEVB  ;  C,H,C1,  =  97,— a-Trichlorcthane  or  chlorethylenio 
chloride,  is.  readily  converted  by  the  action  of  potassic  hydrate  into  j3-dichlor- 
ethylene : 

CH,aCHCl,  +   KHO  =  CH,=CC1,  +  KG  +  OH,. 

It  is  a  colourless  liquid,  boiling  at  37''  (98''*6  F.).  (Kramer.)  According  to 
Berthelot  and  Jungfleisch  {Campt.  Bend.,  Iziz.  542),  an  isomeric  compound, 
a-dichlorethylene,  CHC|— CHCl,  boiling  at  about  55**  (13 1*"  F.),  i«  obtained 
on  heating  the  crystalline  compound  C^H^SbCl^,  which  is  produced  by  passing 
acetylene  into  antimonic  chloride:  C,H,SbCl,  =  C,H,C1,  +  SbCl,  (p.  212). 

Thichloeethylenb  :  C,HC1,=  131-5. — ^This  body  is  produced  by  the 
action  of  potassic  hydrate  on  a-tetrachlorethane  or  dichlorethylenic  chloride,  and 
also  by  tiie.  action  of  nascent  hydrogen  on  tetrachlorethylene.  It  is  a  oolourless 
liquid,  boiling  at  about  88°  (i9o'*-4  P.). 

/9-Tri-  and  /3-tetrachloretbaoe  (chlor-  and  dichlorethylidenic  chloride)  are 
decomposed  by  potassic  hydrate  far  less  readily  than  their  isomerides;  the 
resulting  compounds  <di-  and  trichlorethylene)  ha?e  not  as  yet  been  examined. 

Tbtbachlobbthtlenb.  Bichloride  of  Carbon  :  C,C1^=  166.— This  com- 
pound was  first  obtained  by  Faraday,  who  prepared  it  by  passing  the  vapour  of 
hezaehlorethane,  C,C1.,  through  a  red-hot  tube;  it  is  also  formed  by  adding 
hezaehlorethane  to  a  mixture  of  zinc  and  dilute  sulphuric  acid,  or  by  the  action 
of  potassic  hydrate  on  pentachlorethane.  It  is  a  mobile  colourless  liquid,  which 
boils  at  121"  (249*'-8  F.),  and  has  a  sp.  gr.  of  1-659  at  o**  (32^  F.). 

(1241)  Monobboxbthtlbnb. — Viny lie  bromide:  C^HjBr or  H^CziCHBr 
=  107.— According  to  Semenoff  {Jahrb.  Chem,,  1864,  480),  this  (•x)mpound 
is  most  conveniently  prt^pared  by  adding  an  aqueous  solution  of  potassic  hydrate 
to  a-dibffomethane,  and  dropping  in  alcohol  until  the  two  layers  disappear  and  a 
homogeneous  mixture  is  obtained ;  it  is  then  distilled  off  at  a  temperature  of 
45*"— 50°  (104°— 122**  F.)  and  purified  by  rectification.  Bromethylene  i»  a 
colourless  liquid  which  boils  at  about  24®  (75°* 2  F.). 

The  a-dibromethane  or  etbylenic  bromide,  required  for  the  production  of 
bromethylene,  may  be  prepared  by  passing  a  current  of  ethylene  through 
bromine,  or  by  placing  bromine  and  a  little  water  in  a  large  bottle  previously 
filled  with  ethylene,  and  then  passing  in  the  gas  as  fast  as  it  is  absorbed ;  com- 
bination takes  place  rapidly  if  gently  agiteted,  and  the  temperature  rises  sensibly. 
The  bromine  is  quickly  decolorized,  and  an  ethereal  liquid  of  pleasant  odour  is 
obtained,  having  a  pungent,  sweetish  taste,  and  which  may  be  purified  like  the 
chlorine  compound.  a-Dibromethane  is  a  oolourless  liquid,  but  solidifies  at  a 
low  temperature  to  a  crystelline  mass,  which  melte  at  9*^  (48^*2  F.). 

Dibbombthtlbkb  :  C,H,Br,=^  186. — Bromethylene  readily  combines  with 
bromine,  forming  a-tribromethane,  CH^Br.CHBr,,  which  is  also  produced  by  the 
action  of  bromine  on  bromethane  or  et^ylic  bromide,  and  on  a-dibromethane  at 
180**— 200°  (356° — 392°  F.).  a-Tribromethane  boils  constantly  at  191''  (375°*8 
F.),  and  has  the  sp.  gr.  2*624  at  i^"  (6o°*8  F.) ;  it  is  violently  acted  upon  by 
sodic  ethyUto,  yielding  a  mixturo  of  the  two  isomeric  dibromethylenes,  thus  : 

CH,Br.CHBr,  +  NaOC^,  =  CHBczCHBr  +  NaBr  +  HOC.H,. 
CH,Br.CHBr,  +  NaOC,H,  =  CH  — CBt,    +  NaBr  +  HOC.H,. 

When,  however,  it  is  heated  with  potassic  acetate  and  alcohol  to  150''  (302°  F.), 
^-dibromethylene,  CH^nCBrj,  alone  is  produced. 

a-Dibromethylene,  CHBr— CHBr,  boils  at  iS7**(3i4°-6  F.),  ani^at  17** 
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(62*'-6  F.)  has  the  sp.  gr.  2-12  ;  0-dihromethylcne,  CH^CBr,,  boils  at  Qi** 
(i95°'8  F.)  (Tawildarow,  Ann.  Chem,  Pharm.,  clxxvi.  22). 

Tbibbomethtlenb  :  C,HBr,=  265. — The  statements  with  regard  to  this 
oompoond  and  to  the  tetrabromethanes  from  which  it  is  derived  are  somewhat 
discrepant.  According  to  Sabanejeff,  the  tetrabromethane  obtained  by  combining 
bromine  with  acetylene  (p.  2 13)  is  a  liquid  which  does  not  solidify  in  a  freezing 
mixture,  and  decomposes  on  distillation  at  190°  (374^  F.)  with  evolution  of 
much  hjdrobromic  acid,  whereas  Beraud  obtained  a  crystalline  tetrabromethane, 
melting  at  42*  (io7°'6  F.),  by  the  action  of  bromine  on  acetylene-silver  sus- 
pended in  water,  and  Lennox  obtained  a  tetrabromethane  from  crude  dibrom- 
ethylene  and  bromine,  which  crystallized  when  cooled  (Tawildarow,  loe.  cit.), 
Burgoin  has  recently  prepared  a  crystalline  tetrabromethane,  melting  at  5  4°' 5 
(130*  F.),  and  boiling  at  206°  (402°'8  F.),  by  heating  dibromosaceinic  acid 
with  bromine  to  180°  (356*^  F.),  and  he  has  confirmed  Sabanejeff*s  statement 
that  the  tetrabromethane  from  acetylene  is  liquid  {Compt.  Bend.,  Ixxix.  953). 
Supposing  the  substances  obtained  by  Burgoin  and  Sabanejeff  to  be  pure  com- 
pounds, analogy  fiivours  the  assumption  that  the  former  is  a-tetrabromethane, 
CHBr,.CHBr,,  and  the  latter  /3-tetrabromethane,  CH,Br.CBr,;  but  if  this  be 
the  case,  isomeric  change  muiit  have  taken  place  in  the  formation  of  the  latter 
from  acetylene. 

By  heating  his  tetrabromethane  with  an  alcoholic  solution  of  potassic  acetate 
to  120'' — 140°  (248*^—284°  F.),  Sabaneje£f  obtained  tribromethylene  as  a  liquid, 
boiling  at  162^  (323^*6  F.).  Reboul  had  previously  found  that  a  crystalline 
tribromethylene  is  produced,  together  with  tetrabromethane,  when  acetylene  ia 
acted  upon  by  bromine.  Sabanejeff  states  that  the  tetrabromethane  may  be 
separated  from  the  tribromethylene  by  distillation  with  steam,  which  carries 
over  the  former.  The  tribromethylene  which  remains,  crystallizes  from  akohol, 
in  which  it  is  only  slightly  soluble,  in  plates  melting  at  175°  (347°  F.);  on 
account  of  its  high  melting-point  and  slight  volatility,  Sabanejeff  regards  it  as  a 
polymeride  of  the  liquid  tribromethylene.  It  will  be  noticed  that  the  diffBrenoe 
between  the  boiling-points  of  a-dibromethylene  and  of  the  liquid  tribromethylene 
is  remarkably  small  (Ann,  Chem,  Pharm,,  dxxviii.  112). 

TBTBABBOifBTaTLSNS :  C,Br^  =  344. — Lcnuox  obtained  this  compound  by 
the  action  of  potassic  hydrate  on  pentabromethane ;  it  is  a  white  crystalline  body 
which  melts  at  about  50"*  (122''  F.). 

Pentabromethane,  C^HBr^  may  be  obtained  by  combining  tribromethylene 
with  bromine  (Lennox),  by  combining  bromacetylene,  C^Br,  with  bromine 
(Reboul),  and  by  heating  tetrabromethane  from  acetylene  with  a  molecule  of 
bromine  to  165  (329°  F.)  ;  it  crystallizes,  according  to  Burgoin  {Oompi.  Bend,, 
^^^^  325)*  ^^  long  needles  which  melt  at  56°  (132^-8  F.). 

Hexabromethane,  C,Br,,  which  is  formed  by  heating  tetra-  or  pentabrom- 
ethane with  bromine  to  180*,  decomposes  without  fusing  when  heated  to  210^ 
(410^  F.)  into  tetrabroroethylene  and  bromine. 

(1242)  loDBTHYLBKB.  FtwyJic  iodide :  C,HJ  =  H^CIZCHI  =  154.— This 
body  is  obtained  by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on 
a-4iiodethane.  It  is  necessary  to  employ  a  dilute  solution,  and  to  allow  the  first 
action  to  take  place  at  a  low  temperature  (Baumann,  Ann,  Chem,  Pharm,,  dziiL 
320).  It  is  a  colourless  liquid  which  boils  at  about  55^  (131°  F.).  It  is  also 
obtained  in  a  similar  manner  from  j3-diiodethane  (Gustavson). 

DiiODBTHTLBNB :  C,H,I,=  280.— Berthelot  has  prepared  this  compound  by 
heating  acetylene  with  iodine  in  a  closed  flask  to  100°  (212®  F.).  It  is  a 
crystalline  substance,  melting  at  about  70°  (158^  F.)  {ibid.,  clxxviiL  119). 

Chlobobromethtleitb  :  CjH^Bra  =  (?)  CH  — CClBr  =  I4i'5.— H.  Miiller 
{Chem,  80c.  Joum,,  [2]  ii.  420)  obtained  this  compound  by  heating^  chlorodibromo. 
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methane  or  chlorethylenic  bromide  (b.  p.  162®— 164**  C),  C,H,ClBr,,  with  an 
alcoholic  solution  of  potasaic  cyanide.     It  boils  at  55® — 58°  (131** — 136°*4  F.). 

Many  of  the  above  compounds  are  characterised  by  the  readiness  with  which 
th^  spontaneously  undergo  change  into  white  solid  polymeric  substances.  This 
has  been  shown  to  take  place  in  the  case  of  monochlol^,  monobrom-,  /3-dichlor-, 
/9-dibrom-,  and  cblorobromethylene.  According  to  Baumann  (^Ann.  Chem, 
Pharm.,  clxiii.  308),  the  presence  of  alcohol  or  water  has  no  influence,  but  the 
polymerization  appears  to  be  in  some  way  more  or  less  dependent  upon  the 
action  of  light,  the  change  being  rapidly  effected  when  the  substances  are 
exposed  to  sunlight,  and  but  slowly  in  diffused  daylight.  lodethylene  is  not 
polymerized  when  exposed  to  sunlight,  but  iodine  is  liberated ;  the  addition  of 
iodine  to  bromethylene,  moreover,  prevents  its  polymerization. 

The  polymerization  of  bromethylene,  and  probably  therefore  of  the  remaining 
oompounds,  is  accompanied  by  a  considerable  contraction,  the  sp.  gr.  of  bromethy- 
lene being  1*52,  according  to  Regnault,  whilst  that  of  the  polymeride  is  2*075 
(Baumann). 

The  monohaloid  derivatives  of  ethylene  are  extremely  stable  compounds,  and 
do  not  enter  into  reactions  of  double  decomposition ;  by  the  action  of  an  alcoholic 
solution  of  potassic  hydrate,  they  yield  acetylene. 

The  polymerides  of  the  haloid  derivatives  of  ethylene  are  decomposed  when 
heated,  becoming  carbonized  with  evolution  of  the  haloid  acid.  They  oppose  a 
much  greater  resistance  to  the  action  of  reagents  than  even  the  parent  com- 
ponnds,  and  moreover,  do  not  combine  with' the  halogens ;  thus  the  polymerized 
bromethylene  dissolves  in  bromine,  but  the  original  substance  is  again  obtained 
on  the  addition  of  water,  alcohol,  or  an  alkali;  the  polymerized  chlorethylene 
does  not  even  dissolve  in  bromine  (Baumann). 

(1243)  HiLLOID    DEBIVATIVES    OP    PeOPTLENB — ^MOKOCHLOBPSOFTLENE  : 

C,H^C1=76'5.  —  The  three  isomeric  modifications  of  monochloropropylene  are 
known : 

B.  P.  (Cent.)       Sp.  Or. 

"^S^fS;'"}     CH.aCH:rCH.       46°       -954  at  o". 
jS-Chloropropylene    .     .     CH,.CH— CHa  P  P 

y^Jhloropropylene    .     •     CH,.CClZZCH,  23**       -9*31  at  o^ 

a'Chloroprcpylene  or  alh/lic  chloride :  CH,Cl.CHlzCHj,  is  produced  by 
the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  a-dicfaioropropane, 
and  it  may  be  prepared  by  dropping  allylic  alcohol  into  a  slight  excess  of 
phosphorous  chloride,  or  by  heating  aUylic  alcohol  with  hydrochloric  acid  in  a 
closed  tube.  It  is  also  readily  obtained  by  adding  a  slight  excess  of  finely 
powdered  mercuric  chloride  to  a  solution  of  allylic  iodide  in  an  equal  volume  of 
alcohol :  double  decomposition  takes  place  with  evolution  of  much  heat,  and 
when  the  mercuric  salt  is  converted  into  the  red  iodide,  the  mixture  is  distilled, 
the  distillate  mixed  with  water,  and  the  product,  after  drying,  is  fractionally 
distilled  in  order  to  separate  the  ethylic  ether  and  ethylio  allylic  ether  which  are 
simultaneously  formed  in  small  quantity.  Allylic  chloride  is  a  pungent  smelling 
mobile  liquid. 

P'Chloropropylene :  CH,.CHn:CHCl,  is  obtained,  together  with  the  y 
compound,  by  acting  on  0-dichloropropane  or  propylenic  chloride,  but  it  has  not 
yet  been  prepared  in  a  pure  state. 

y-Ckloropropylene :  CH,.CCllzCHj,  appears  to  be  the  sole  product  of  the 
action  of  an  alcoholic  solution  of  potassio  hydrate  on  d-dichloropropane  or 
noetbylchloracetol : 

CH,.CC1,.CH,  +  KHO  =   CH^CazzCH,  +  KCl  +  QEL        . 

Digitized  by  VjDOQIC 


204  HALOID  DEBIVATIVE8  OP  PEOPYLKNB.         t'^43' 

I 

It  is  also  obtained  in  considerable  quantity  as  a  bye-prodnct  in  tbe  preparation  of 
methylchloraoetol  from  acetone  and  phosphoric  chloride. 

a-  and  y-Chloropropylene  diflfer  remarkably  in  their  behaviour  with  various 
reagents;  thus  even  below  ioo°  (212°  F.)  the  a-compound  acts  upon  sodic 
ethylate  or  an  alcoholic  solution  of  potassic  hydrate,  and  is  converted  into  ethylic 
allylic  ether : 

C,H,a     +     NaOC.H.     =     C,H,.OC,H,     +     NaCl, 

•^Chloroproprlene  Sodic  Ethylic  sUylic 

(AUyUc  chloride).  ethjlate.  ether. 

whereas  y-chloropropylene  furnishes  allylene  when  heated  with  sodic  ethylate  to 
120^  (248^  R)  : 

C,H.a  +   NaOC^,  =  C,H,  +  Naa   +  HOC,H.. 

y^liloropropjlene.  Allylene. 

By  the  action  of  hydriodic  acid  on  allylic  chloride,  allylic  iodide  is  produced, 
and  this  is  converted  by  the  further  action  of  the  acid  into  isopropylic  iodide, 
whilst  d-chloropropylene  forms  an  iodochloropropane : 

CH,.CC1=:CH,  +  HI  =  CH,.CC1I.CH,. 

When  concentrated  sulphuric  acid  is  added  to  well-cooled  y-chloropropylene, 
hydrochloric  acid  is  evolved,  and  on  distilling  the  product  with  water  acetone  is 
obtained,  the  reactions  being  : 

CH,.CC1— CH,  +  H,SO^  =  Ha  +  CH,.C(HSOJr:  CH, , 
CH,.C(HSOJziCH,  +  H,SO^  =  CH,.C(HSo3,.CH, ; 
CH,.C(HSOJ,.CH,    +     OH,  =  CH,.CO.CH,  +  2H,S0^. 

When  allylic  chloride  is  similarly  treated  no  gas  is  evolved,  and  on  afterwards 
distilling  with  water,  chlorisopropylic  alcohol  or  propylene  chlorhydrin  is  obtained 
(Oppenheim,  Ann,  Chem,  Fharm.  SupbcL,  vi.  353) : 

CH,Cl.CH=iCH,    +  H,SO,  =  CH,C1.CH(HS0J.CH, ; 
CH,C1.CH(HS0J.CH,     +     OH,     =  CH,CLCH(OH).CH,  +  H,S0^. 

DiCHLOBOPEOPYLBNB:  C,H^C1,=  III. — FouT  isomeric  dichloropropyleues 
are  known : 

a-Dichloropropylene  •  CH,.a.CH=CHa 

/3-Dichloropropylene .  CH,Cl.CClZZCH, 

y-Dichloropropylene  .  CH,IZCH.CHC1, 

drDichloropropylene  •  CH,.CCllZCHCl 

a-Dichloropropylene  is  obtained  by  the  action  of  phosphorus  ozychloride  or 
phosphoric  anhydride  on  dichlorhydrin : 

CH,aCH(OH).CH,Cl  -  OH,  =  CH,aCH=CHa 

It  is  a  colourless  liquid,  of  the  sp.  gr.  1*250  at  0°  (32**  F.),  i-ai8  at  25*  (77°  F.), 
which  combines  with  bromine,  forming  a  dibromodichloropropane  boiling  at 
220^—225°  (428®— 437**  F.),  of  the  sp.  gr.  2*19  at  0°  (32°  F.)  and  2147 
*t  25®  (77"  F.),  according  to  Friedel  and  Silva  {Compt.  Bend.,  Ixxv.  81). 
According  to  Hartenstein  (Joum,  pr,  Chem.  [2],  vii.  295)  it  has  the  sp.  gr. 
1*233  at  I7®'5  (63°'5  F.),  and  the  dibromodichloropropane  which  it  furnishes 
boils  at  212^*  (4i3'*-6  F.)  and  has  the  sp.  gr.  2-083  at  i7°-5  (6s°'S  F.). 
a-Dichloropropylene  does  not  combine  with  hydrochloric  acid  at  iqo^  (^i?^  F.) 
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or  150**  (302®  P.).  When  heated  to  100**  (212*  F.)  with  an  alcoholic  solution 
of  potasflic  hydrate  it  is  conv-erted  into  the  tompoand  C,H^C1.0C,Hg,  which 
boila  at  120°— 125°  (248*'— 257**  F.),  and  at  o**  (32®  F.)  has  the  sp.  gr.  1*021. 

fi-Dichloropropylene :  CH^CC1.CH,C1.— The  product  of  the  action  of 
pota&<io  hydrate  on  a-trichloropropane  or  trichlorhydrin  has  long  heen  known  as 
Rehours  dichloroglycid,  hut  Friedel  and  Silva  have  shown  that  this  is  a  mixtare 
of  /3-dichloropropylene  with  a  small  quantity  of  a-dichloropropylene.  It  is  also 
formed,  together  with  a  small  quantity  of  d-dichloropropylene,  on  heating 
ytrichloropropane  with  water,  and  hy  the  action  of  chlorine  in  the  dark  on 
y-chloropropylene.  It  combines  with  hydrochloric  add  at  100** — 105'  (212°— 
221^  F.),  furnishing  y-trichloropropane.  It  also  unites  with  bromine  with 
greater  energy  than  a-dichloropropylene ;  the  dibromodichloropropane  which  is 
formed  boils  at  about  205°  (401**  F.),  and  at  0°  (32"  F.)  has  the  sp.  gr.  2*  161. 
0-dichloropropyfene  is  converted  by  heating  to  100°  (212**  F.)  with  an  alcoholic 
solution  of  potassic  hydrate  into  the  compound  C,H^C1.0C,Hf,  boiling  at  iio^ 
(230''  F.),  of  the  sp.  gr.  i-oii  at  0°  (32°  F.)  (Friedel  a.  SiWa,  Compt  Bend,, 
kxiv.  955;  Ixxv.  8i). 

When  it  is  mixed  with  concentrated  sulphuric  aoid,  and  the  mixture  is 
subsequently  distilled  with  water,  monochloracetone  is  produced  (Henry,  Deut, 
ckem.  Ges.  Ber.,  v.  190) : 

CH,aca-cH,  +  2H,so,  =  na  +  ch,ci.c(hsoj,.ch,; 

Jl-Dlchloropropylene. 

CH,aC(HSO^,.CH,  +   OH,  =  CH^Cl.CO.CH,  +   2H,S0,. 

Monochloraoetone. 

y-Dichloropropylene :  CH,  ~  CH.CHCl,,  is  produced  by  the  action  of 
phosphoric  chloride  on  acrylic  aldehyde  or  acrolein  (Huebner  and  Geuther, 
Ann,  Chem,  Pharm,,  cxiv.  36)  : 

CH  — CH.COH   +   pa,  =   CH  — CH.CHC1,   +   POCl,. 

Acrolein.  y-Dichloropropylene. 

According  to  Aronstein  {Ihid.,  Suphd,  iii.  184),  the  compound  C^H^Cl-OC^H, 
farmed  by  heating  it  to  130®  (266°  F.)  with  an  alcoholic  solution  of  potassic 
hydrate  boiW  at  115**— 120°  (239^—248^  F.). 

^'Dichloroprapylene :  CHCl  ZI  CCl.CH,.  —  When  y-trichloropropane  is 
heated  with  water,  or  with  potassic  hydrate  alone  or  in  alcoholic  solution,  a 
mixture  of  p-  and  d-dichloropropylene  is  obtained,  consisting  chiefly  of  the  latter 
when  potassic  hydrate  is  employed,  but  chiefly  of  0-dichloropropylene  when  water 
is  employed  (Friedel  a.  Silva).  The  dibromodichloropropane  formed  by  the  union 
of  d-dicbloropropylene  with  bromine  boils  at  about  190^  (374^  F.). 

The  higher  chlorinated  derivatives  of  propylene  have  not  hitherto  been 
investigated. 

(1244)  MoNOBBOMOPROPTLENE  :  C,H,Br=i2i. — The  only  three  bromo- 
propylenes  which  theoretically  are  possible  have  been  obtained ;  we  are  indebted 
to  the  French  chemist  Reboul  for  most  of  our  knowledge  of  these  bodies  (Compt, 
Bend,,  Ixxiv.  613,  669;  Ixxvi.  1270;  Ixxix,  317). 

B.  P.  (Cent)  Sp.  Gr. 

"■^S^^^Sde  }   CH.Br.CH^H,  yx"  1.436  at  rf 

/5-Bromopropylene    .       CH,.CHzzCHBr  6o*  1-428  at  i9°-5 

y-Bromopropylene    .       CH,.CBr~C]T,  48®  1*364 
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aSromopropylene  or  alh/lic  bromide  is  produced  by  the  action  of  phoe- 
phoroos  bromide  on  allylic  alcohol  (Tollenii). 

fi-Bromopropylene  if  formed  together  with  ybrotnopropylene  when  3-dibro- 
mopropane  or  propylenic  bromide  is  decomposed  with  potassic  hydrate  solntion : 

CH,.CHBr.CHjBr  +  KHO  =  CH.CHziCHBr  +  KBr  +  OH,; 

^-DibromopiropaDe.  /S-Bromopropylene. 

CH,.CHBr.CH,Br  +  KHO  =  CH^CBiCZCH,  +  KBr  +  OH,. 
^-DibromopropaIle.  y-Biomapropylene. 

T^Bromopropylene  is  also  formed  by  treating  d-dibromopropane  with  an 
alcoholic  solution  of  potassic  hydrate  : 

CH,.CBr,.CH,   +   KHO   =  CH,.CBrZ=CH,   -i-   KBr   -f    OH,. 

5-DlbromdpropaDo.  y-BromopropjIene. 

When  a-bromopropylene  is  heated  for  about  twelve  minntes  to  100^  (212^  F.) 
with  a  saturated  solution  of  hydrobromic  acid  in  sealed  tubes,  it  is  almost  com- 
pletely converted  into  a-dibromopropane,  CH^Br.CHj.CHjBr ;  if,  however,  a  less 
concentrated  acid  be  employed,.more  or  less  /3-dibromopropane,  CH,.CHBr.CH,Br, 
is  also  formed. 

/9-Bromopropylene  combines  slowly  with  hydrobromic  acid,  even,  at  100° 
(212°  F.),  and  furnishes  a  mixture  of /3-  and  y-dibromopropane,  CH,.CH,.CHBr,, 
the  latter  of  which  boils  at  130®  (266°  F.);  with  bromine  this  bromopropylene 
forms  a  /3-tribromopropane,  CH,.CHBr.CHBr,,  which  boils  at  200®  (392**  F.), 
and  at  18*  {64°'4  F.)  ha«  the  sp.  gr.  2-356. 

y-Bromopropylene  combines  readily  even  in  the  cold  with  hydrobromic  acid, 
forming  ddibromopropane  only ;  the  y-tribromopropan^,  CH,.CBr,.CH,Br,  which 
is   formed  by  the   union   of  bromine  with   y-bromopropylene,  boils  at  19OJ 

(374°  F.). 

DiBBOMOFBOPTLENE :  C,H^Br,  =  200. — At  present  only  two  dibromo- 
propylenes  are  known  with  certainty,  viz. : 

B.  P.  (Cento 

0-Dibromopropylene      .     .     CH,Br.CBr— CH,  142** 

d-Dibromopropylene  •     •     •     CHj.CBrlZCHBr         about  120'. 

j3-Dibromopropylene  is  formed  by  the  action  of  potassic  hydrate  on  a-tribro- 
mopropane  or  tribromhydrin ;  probably,  however,  the  product  of  this  action — the 
so-called  dibromoglycid — contains  some  a-dibromopropylene.  It  boib  at  142^ 
(287^*6  F.).  It  readily  enters  into  reaction  with  potassic  acetate,  potassic 
thiocyanate,  and  argentic  nitrate,  forming  hromallylic  acetate,  C^HjO^.C^H^Br, 
hromallylic  thiocyaTiate,  CjH^Br.CSN,  and  hromall^lic  nitrate,  e,H^Br.NO, 
(Henry,  Deui,  chem,  Oes,  JBer.,  v.  191,  452). 

d-Dibromopropylene :  CH,.CBrlllCHBr. — The  allylene  dibromide  which 
is  formed  together  with  allylene  tetrabromide  by  the  action  of  bromine  on  allylene 
(p.  218)  is  probably  this  compound,  and  the  body  first  obtained  by  Cahours  by 
treating  bromopropyleuic  bromide  with  potassic  hydrate  doubtless  also  consists 
mainly  of  d-dibromopropylene.  The  boiling-point  of  allylene  dibromide,  according 
to  Oppenheim,  is  1 27^ — 131®  (260^-6 — 267°-8  F.),  but  this  is  probably  too  higl^ 
owing  to  the  presence  of  allylene  tetrabromide  ;  that  observed  by  Cahours  (about 
120°,  or  248°  F.)  is  perhaps  nearer  the  truth. 

Several  higher  brominated  derivatives  of  propylene  have  been  obtained,  but 
very  insufficiently  described. 

Chloeobbomopeopylenes. — D^chlorallylene,  C^H^Clj,  from  croton-chloral, 
combines  with  bromine,  forming  a  dibromodichloropropyleue,  CjH^l^Br^,  which 
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IS  not  ooDTerted  into  a  propane  derivative  by  heating  with  bromine,  but  exchanges 
hydrogen  for  bromine.  The  bromodichloralljlene  obtained  by  treating  the 
dibromodichloropropylene  with  potassic  hydrate  furnishes  with  bromine  a 
crystalline  tribromodicklaroprapylene,  C,HCl,Br,,  and  this  compound  also  does 
not  combine  with  bromine,  but  when  heated  with  it  up  to  i6o°  (320^  F.) 
during  several  hours  is  converted  into  a  teirc^omodichloropropjflene,  C,6r^Cl,, 
which  is  liquid  (Pinner,  DeiU.  chem.  Ges.  JBer.,  v.  205). 

(1245)  Ioi>opfiOPTLENB :  C,H,I=i68. —  Two  of  these  compounds  have 

been  obtained,  viz. : 

B.P.Caiil 

a-Iodopropylene  or  allylio  iodide     CH,I.CHzzCH,  loi® 

y-Iodopropylene CH,.CI— CH,         about  8o^ 

a'lodopropylene  or  Allelic  iodide  may  be  obtained  pare  by  carefully  mixing 
80  pts.  of  allelic  alcohol,  127  pts.  of  iodine,  and  10  ptp.  red  phosphorus ;  after 
two  days  the  mixture  is  distilled,  and  when  one-half  has  passed  over,  water  is 
added,  and  the  distillation  continued  until  oily  drops  cease  to  pass  over  with  the 
water ;  the  product  is  washed,  dried,  and  purified  by  distillation  (Tollens  a.  Hen- 
ninger,  Ann.  Chem.  Pharm,,  clvL  156).  It  is  also  produced  by  the  action  of 
hiydriodic  acid  or  of  iodide  of  phosphorus  on  glycerine,  but  is  always  con- 
tuninated  with  isopropylic  iodide,  whereas  the  product  from  allylic  alcohol  is 
almost  free  from  that  compound. 

It  is  a  colourless  liquid,  having  a  pungent  somewhat  alliaceous  odour,  of  the 
ap.  gr.  1*839  at  14^  (5  7^' 2  F.)«  By  the  action  of  nascent  hydrogen  it  is  readily 
converted  into  propylene ;  the  best  method  of  effecting  this  change  is  to  cover 
granulated  zinc  with  90  per  cent,  of  alcohol  in  an  appropriate  apparatus,  add  the 
allylic  iodide,  and  then  pour  in  concentrated  hydrochloric  acid ;  the  action  at 
once  takes  place,  and  the  gas  evolved  contains  only  about  |  of  its  volume  of 
hydrogen  (Tollens).  Hydriodio  add  converts  it  into  propylene,  and  isopropylic 
iodide,  but  the  formation  of  these  substances  appears  to  be  preceded  by  that  of 
the  compound  C,H,I,  (Erlenmeyer,  Ann.  Chem,  Pharm.,  cxxxix.  211),  thus  : 

C.H.I      +     HI     =     C,H,I,5 

lodopropjiene.  IXiiodopropano. 

C.H.I.     =     C.H.     +     1,5 

Dliodopropans.        Propylen*. 

C,HJ,     +      HI     =     C,HJ     +     I,. 

SiiodopTopanfl.  lodopropane. 

Mercury  combines  directly  with  allylic  iodide,  forming  mercurallylic  iodide, 
C^H^Hgl ;  this  crystallizes  in  white  scales  which  are  moderately  soluble  in  acetone 
and  warm  carbonic  bisulphide.  The  formation  of  this  substance  is  much  facilitated 
by  the  addition  of  an  equal  volume  of  alcohol  (Oppenheim,  Deut,  chem,  Ges.  JBer., 
iv.  670).  Characteristic  of  this  substance  is  the  extreme  readiness  with  which 
it  is  converted  into  the  hydrocarbon,  Cfi^^  (see  diallyl). 

Allylic  iodide  readily  enters  into  double  decomposition  with  silver  and 
potassium  salts :  thus  the  action  of  potassic  ethylate  converts  it  into  allylic  ethylic 
ether,  C,H,.O.C,H,. 

ylodojpropylene  is  probably  the  substance  which  is  produced  by  the  action 
of  potassic  hydrate  on  the  diiodopropane,  CH,.CI,.CH,.  formed  by  combining 
aUylene  with  hydriodic  acid  (Semenoff,  Jahrb.  Chem.,  1865,  494).  It  has  a 
strong  not  unpleasant  smell ;  its  sp.  gr.  at  o'*  (32°  F.)  is  1*8346,  and  at  16° 
(60^-8  F.),  1*8028. 

According  to  Wurtz,  no  iodopropylene  ib  formed  by  the  action  of  an^  alcoholic 
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solation  of  potassic  hydrate  on  propylenic  iodide,  this  oompound  being  carbonized 
and  partially  oonveiiied  into  i»opropylic  iodide  {Ann.  Ckem,  JPharm,,  Sup,,  vi.  353)- 

DiiODOFBOPYLENB :  0,11  J,  =  294. — By  exposing  allylene  to  punligfat  daring 
two  months,  in  contact  with  a  solution  of  iodine  in  potassic  iodide,  a  liquid 
(?  d-)  diiodopropylene  is  obtained,  which  boils  at  about  198°  (388*-4  F.) 
(Oppenheim,  Jahrh,  Ckem.,  1865,  492). 

Tbiiodopbopylenb:  C,H,I,  =  420.— This  oompound  is  produced  by  agitating 
allylene  silver,  C,H,Ag,  with  an  ethereal  solution  of  iodine  until  the  colour 
ceases  to  disappear ;  it  crystallizes  in  long  white  needles,  whioh  melt  at  64^ 
(147^*2  P.)  (Liebermann,  Ann.  Chem.  Pharm.,  cxxxv.  266). 

(1246)  Haloid  Dbbiyatiyes  of  otheb  Olefines. — A  number  of  mono- 
haloid  derivatives  have  been  obtained  by  the  action  of  potassic  hydrate  on  the 
compounds  formed  by  combining  the  olefines  with  the  halogens,  but  with  few 
exceptions  little  is  known  of  them,  and  the  discovery  that  crude  ohloro^  and 
bromopropylene  are  mixtures  of  isomeric  substances  renders  it  probable  that 
many  of  the  haloid  derivatives  of  higher  defines  hitherto  regarded  as  pnre«  will 
in  a  similar  manner  be  found  to  be  mixtures.  Very  few  haloid  derivatives  of 
the  higher  olefines  containing  more  than  one  atom  of  halogen  have  been 
prepared. 


§  III.  Hydrocarbons  of  the  CnHj^.j  or  Acetylnb  Series. 

(1247)  •Special  interest  attaches  to  this  series  of  hydrocarbons 
not  only  because  its  first  term  acetylene^  ^s^s»>  ^®  ^^^  ^^^7  known 
compound  of  carbon  and  hydrogen  which  can  be  obtained  by 
the  direct  union  of  its  elements^  but  also  on  account  of  the 
remarkable  properties  of  this  hydrocarbon. 

Although  a  number  of  the  homologues  of  acetylene  have 
been  obtained^  our  knowledge  of  most  of  them  is  at  present 
extremely  limited ;  they  are  as  follows  : 

B.  p.  (Cent) 

Acetylene C,H,  — 

Allylene i  C  H  

Isoallylene  or  allene  .     .     .     .  j         '    ^ 

Crotonylene C^H,  i8'— 25** 

Valerylene \  41** — 42* 

Propylacetylene I  ^  jj  48° — 49"* 

Isopropylacetylene     .     .     .     .  f        »    •  — 

Isoprene )  38** 

Hexoylene \  ^  „  80** 

Diallyl /  ^•"w  59** 

Amylacetylene )  p  „  100' 

Tetramethylallene      .     .     .     ./  ^^    "  70** 

Caprylidene I  P  H  ^33** 

Tetrahydrometaxylene     ...  J         •    "  — 

Decenylene \  165® 

Menthene V  C^^Hj^  163** 

Rutylene j  150° 

Nonylacetylene C„H,^  210** — 215'' 

Benylene ,  C„H„  225° 
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Hofmann  has  proposed  to  distinguish  the  hydrocarbons  of 
this  series  by  the  termination  ine^  into  which  he  suggests  the 
termination  ane  of  the  corresponding  paraffins  should  be  changed ; 
no  systematic  nomenclature  has  been  generally  adopted  up  to  the 
present  time^  however. 

(1248)  Acetylene  or  Ethinb,  CgH^  or  HC=CH  =  a6. — The 
establishment  of  the  existence  of  this  hydrocarbon  is  due  to 
Berthelot^  to  whom  indeed  we  are  very  largely  indebted  for  our 
knowledge  of  acetylene,  but  it  appears  to  have  been  discovered 
by  E.  Davy  in  1836,  when  decomposing  with  water  a  compound 
of  potassium  and  carbon  formed  during  the  preparation  of 
potassium ;  he  called  it  Klumene.  Berthelot  has  shown  that  it 
is  formed  on  passing  methane,  ethylene,  or  the  vapour  of  alcohol 
or  ether,  besides  many  other  substances,  through  red-hot  tubes, 
and  that  it  is  a  constant  product  of  the  incomplete  combustion  of 
all  organic  bodies.     It  is  present  in  coal-gas  in  small  quantity. 

To  obtain  it  from  its  elements,  a  current  of  hydrogen  is 
passed  through  a  vessel  in  which  two  pieces  of  hard  carbon  (gas- 
ooke),  forming  the  terminals  of  a  powerful  galvanic  battery,  are 
intensely  heated  by  the  electric  current.  Berthelot  has  ascer- 
tained that  the  combination  of  carbon  and  hydrogen  does  nqt  take 
place  at  the  temperature  produced  in  a  furnace  capable  of 
fusing  porcelain,  or  even  under  the  influence  of  the  induction 
spark. 

Acetylene  is  also  produced  in  many  other  ways  :  for  example, 
by  the  electrolysis  of  the  sodic  salt  of  fumaric  or  maleic  acids 
(Kekule) : 

CjH^CCO^Na),   +  aOHg  =   C^H,   +   2CO,   +   ^NaOH   -h    Hg. 

•  By  Sawitsch's  method,  of  heating  bromethylene  with  an  alcoholic 
solution  of  potassic  hydrate  : 

C.HjBr  +   KOC.Hs   =   C^H^  +   KBr   +   C^H.OH. 

By  passing  the  vapour  of  a-dichlorethane  or  ethylenic  chloride 
through  a  porcelain  tube  filled  with  pieces  of  unslaked  lime  and 
heated  to  redness  (v.  Wilde,  Deut,  chem,  Ges.  Ber.,  vii.  352) : 

CjH^Cl^  +  CaO  =  C3H2   +  CaClg   +   OU,; 

this  is  one  of  the  best  methods  of  preparing  acetylene  when  it  is 
required  in  quantity.  By  the  action  of  water  on  the  calcium 
carbide  produced  by  heating  Caron's  calcium-zinc  alloy  to  a  high 
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temperature  with  carbon  (Wohler).  By  passing  the  vapour  of 
chloroform  over  ignited  copper  (Berthelot)  : 

2CHCI3  +   3CU  =  CjH,   +   sCugCl^. 

By  the  action  of  the  zinc-copper  couple  on  chloroform,  bromoform, 
and  iodoform,  dissolved  in  alcohol ;  the  amount  produced .  is 
greatest  when  iodoform,  and  least  when  chloroform  is  used 
(Gladstone  a.  Tribe,  Chem.  Soc,  Journ.,  xxviii.  508).  When 
a  mixture  of  carbonic  oxide  and  methane  is  passed  through  a 
red-hot  tube  (Odling)  :  CH^  +  CO  =  CgH,  +  OH3.  By 
passing  sparks  from  a  powerful  induction  coil  through  methane : 

The  action  of  the  spark  is  at  first  rapid,  but  diminishes  as  the 
volume  of  hydrogen  increases ;  if,  however,  the  acetylene  be 
absorbed  as  it  is  formed,  nearly  four-fifths  of  the  methane  may 
be  ultimately  converted  into  acetylene  (Berthelot).  The  va- 
pours of  many  organic  compounds,  especially  benzene,  yield 
acetylene  when  submitted  to  the  action  of  the  induction  Hpark. 
Acetylene  is  produced  in  the  incomplete  combustion  of  coal-gas 
in  a  Bunsen  lamp,  when,  as  is  often  the  case,  the  fiam'e  bums 
within  the  tube  at  the  small  orifice  from  which  the  gas  issues 
before  it  is  mixed  with  air ;  the  peculiar  odour  which  is  then 
observed  being  due  to  the  acetylene.  By  burning  a  jet  of  air  in  an 
atmosphere  of  coal-gas,  acetylene  may  be  obtained  in  considerable 
quantity,  and  a  very  useful  apparatus  for  this  purpose  has  been 
devised  by  McLeod  {Chem,  Soc.  Journ.,  1866,  p.  152). 

In  all  these  cases  the  acetylene  is  more  or  less  contaminated 
with  other  substances,  but  it  may  readily  be  purified  by  causing 
the  mixed  gases  to  pass  through  a  solution  of  cuprous  chloride  in 
ammonia;  this  solution  absorbs  acetylene  rapidly,  and  forms 
with  it  a  flocculent,  dark- red,  insoluble  substance.  The  liquid  is 
afterwards  heated  to  boiling  in  order  to  destroy  the  compound  of 
ethylene  with  cuprous  chloride,  which  is  formed  if  ethylene  is 
present,  and  after  cooling,  the  precipitate  is  collected  on  a  filter 
and  washed  ;  it  is  then  heated  with  hydrochloric  acid,. when  pure 
acetylene  is  evolved.  This  solution  of  cuprous  chloride  is  a  very 
delicate  test  for  acetylene :  according  to  Berthelot,  the  formation 
of  a  distinct  red  film  is  observable  when  a  drop  is  introduced 
into  50  cc.  of  a  gaseous  mixture  containing  so  little  as  "oooi  per 
cent,  by  volume  of  acetylene.  The  formation  of  acetylene  in 
cases  of  incomplete  combustion  may  also  readily  be  shown  if  a 
Uttle  of  the  solution  be  poured  into  a  tall  narrow  jar  filled  with 
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the  gas  or  vapour  for  combustion — ether  or  benzene  vapour,  for 
example ;  on  setting  fire  to  the  mixture,  holding  the  jar  in 
a  nearly  horizontal  position,  and  causing  it  to  revolve  so  as  to 
distribute  the  cuprous  solution  over  the  sides  of  the  jar,  a  con- 
siderable deposit  of  the  brownish-red  copper  compound  will  be 
obtained. 

Acetylene  is  a  colourless  gas,  having  a  peculiar  characteristic 
disagreeable  odour;  it  burns  with  a  very  bright  smoky  flame, 
and  is  on  this  account  one  of  the  most  valuable  illuminating  con- 
stituents of  coal-gas.  It  is  soluble  in  about  its  own  volume  of 
water  at  i8®  {64^' 4  F.),  whilst  absolute  alcohol  dissolves  nearly 
6  volumes  of  the  gas.  It  has  not  yet  been  liquefied  either  by 
cold  or  pressure. 

By  determining  the  amount  of  heat  evolved  during  the 
combustion  of  acetylene,  and  comparing  it  with  the  amount 
evolved  on  combustion  of  the  same  quantities  of  the  elements  of 
which  it  is  composed,  Thomsen  has  shown  that  a  very  large  amount 
of  heat  is  absorbed  in  the  formation  of  acetylene  from  its  elements, 
no  less  than  55,010  units  of  heat  in  the  formation  of  26  grammes 
of  acetylene  [Dent.  chem.  Ges.  Ber.,  v.  773). 

Acetylene  is  decomposed  by  the  induction  spark  with  separa- 
tion of  carbon,  and  is  also  almost  wholly  resolved  into  its 
elements  when  slowly  passed  through  a  porcelain  tube  heated  to 
bright  redness ;  but  when  heated  in  a  bent  glass  tube  standing 
over  mercury  to  the  temperature  at  which  glass  softens,  it  is 
gradually,  and  if  sufficient  time  be  allowed,  completely  converted, 
with  separation  of  small  quantities  of  carbon  and  hydrogen,  and 
formation  of  small  quantities  of  ethylene  and  ethane,  into  a 
mixture  of  liquid  and  solid  hydrocarbons.  This  mixture  contains, 
c,  a  very  volatile  liquid  hydrocarbon ;  i,  benzene,  C^H^  to  the 
extent  of  nearly  half  the  product ;  c,  cinnaniene,  CgHg,  to  the 
extent  of  about  one-fifth  ;  d,  naphthalene,  C^^Hg ;  e,  a  mixture  of 
highly  fluorescent  oils,  boiling  at  250° — 340°  (482° — 644°  F.) ;  and 
/,  retene,  C^gH^g.  If,  however,  a  piece  of  coke,  previously  ignited 
and  cooled  under  mercury,  be  introduced  into  the  bent  glass 
tube,  the  acetylene  is  resolved  under  the  same  conditions  as 
above,  into  its  elements,  scarcely  any  by-products  being  obtained, 
showing  that  the  mode  of  decomposition  is  greatly  influenced  by 
the  presence  of  foreign  bodies  (Berthelot). 

When  submitted  to  the  action  of  the  silent  electric  discharge, 
acetylene  is  completely  converted  into  a  brown  amorphous  solid 
substance  (v.  Wilde,  Deut.  chem,  Ges,  Ber.,  vii.  357). 

Free    hydrogen   does  not  act    upon    acetylene  at  ordina^ 
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temperatures,  but  when  tlie  gases  are  heated  together,  small 
quantities  of  ethylene,  benzene,  naphthalene,  and  other  hydro- 
carbons are  produced.  When  a  mixture  of  acetylene  with  twice 
its  volume  of  hydrogen  is  placed  in  contact  with  platinum-black, 
the  acetylene  is  rapidly  converted  into  ethane :  01^2"^^^%— ^2^9 
(v.  Wilde).  Nascent  hydrogen  in  alkaline  liquids  readily  con- 
verts acetylene  into  ethylene,  but  this  change  does  not  take  place 
in  acid  liquids  (Berthelot).  The  conversion  is  best  efiFected  by 
the  action  of  zinc  and  dilute  ammonia  solution  on  the  so-called 
cuprous  acetylide ;  the  nascent  hydrogen  formed  by  the  action 
of  the  zinc  on  the  ammonia  solution,  it  may  be  supposed, 
produces  acetylene,  which  at  the  moment  of  formation  combines 
with  the  nascent  hydrogen,  yielding  ethylene.  The  formation  of 
ethylene  in  this  manner  from  acetylene  must  be  accompanied 
by  the  evolution  of  a  very  considerable  amount  of  heat,  for 
Thomsen  has  shown,  by  determining  its  heat  of  combustion,  that 
10,880  units  of  heat  are  absorbed  in  the  formation  of  28  grams 
of  ethylene,  and  since  in  the  production  of  26  grams  of  acetylene 
55,010  units  of  heat  are  absorbed,  the  difference  between  these 
two  numbers — viz.,  44,130 — represents  the  number  of  units  of 
heat  evolved  in  the  combination  of  26  grams  of  acetylene  with 
2  grams  of  hydrogen. 

When  a  series  of  powerful  induction  sparks  is  passed 
through  a  mixture  of  acetylene  with  nitrogen,  the  two  gases 
combine  to  form  hydrocyanic  acid  (Berthelot).  This  may  readily 
be  shown  by  passing  the  sparks  between  metallic  points  in  a  vessel 
through  which  a  current  of  nitrogen  laden  with  benzene  vapour 
is  transmitted ;  acetylene  is  then  produced  by  the  action  of  the 
spark  on  the  benzene,  and  combines  with  the  nitrogen;  the 
issuing  gas  is  passed  through  an  alkaline  solution,  and  the 
presence  of  the  cyanide  afterwards  demonstrated  by  the  prussian 
blue  test  (Perkin). 

If  mixed  with  chlorine,  acetylene  usually  explodes  spontaneously; 
this  occurs  almost  immediately,  even  in  diffused  light,  carbon  and 
hydrochloric  acid  being  formed  ;  sometimes,  however,  no  explosion 
takes  place,  but  the  two  gases  unite  forming  a-dichlorethylene  or 
acetylene  dichloride,  CgH^Clg.  Acetylene  is  absorbed  by  antimonic 
chloride,  much  heat  being  evolved;  the  crystalline  compound, 
CgHgSbClg,  which  forms,  is  resolved  by  heat  into  a-dichlorethy- 
lene,  and  antimonious  chloride,  and  if  heated  with  antimonic 
chloride  yields  a-tetrachlorethane,  CgHgCl^.  When  acetylene  is 
passed  into  bromine  covered  with  a  layer  of  water,  and  kept  cool, 
acetylene  tetrabromide  or  a-tetrabromethane,  C^HaBr^  is  pro- 
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dnced,  together  with  a  small  quantity  of  crystalline  tribromethylene. 
By  saturating  absolute  alcohol  with  acetylene^  and  then  adding 
the  necessary  quantity  of  bromine  to  form  acetylene  dibromide, 
and^  after  repeating  these  operations  a  suflScient  number  of  times^ 
adding  water^  an  oil  is  precipitated^  consisting  of  acetylene 
dibromide  or  a-dibromethylene  (SabanejefF,  Ann,  Chem.  Pharm., 
clxxviii.  113).  Acetylene  slowly  combines  with  hydrobromic 
acid,  and  is  converted  into  fi-dibromethane,  C^H^Brj  (Reboul). 

When  acetylene  is  heated  with  iodine  in  closed  vessels  te 
100°  (212°  P.)  for  about  20  hours,  diiodethylene,  C^Hglg,  is 
formed  (Berthelot).  This  compound  may  be  obtained  more  easily 
by  passing  acetylene  into  a  pasty  mixture  of  iodine  and  alcohol ; 
it  crystallizes  in  long,  thin,  pliable  needles  which  melt  at  73® 
(i63°-4  P.),  and  possess  an  intensive  characteristic  odour; 
together  with  this  body  a  very  volatile  iodide  of  unknown  com- 
position, and  a  liquid  iodide  of  the  same  composition  as  the 
crystalline  acetylene  iodide  are  produced  (Sabanejeff,  toe.  cit). 
By  the  action  of  a  concentrated  solution  of  hydriodic  acid, 
acetylene  is  converted  into  a  mixture  of  iodethylene,  CgHjI,  and 
dnodethanej  C^H^Ig. 

According  to  Berthelot,  acetylene  is  absorbed  when  briskly 
agitated  for  a  long  time  with  concentrated  sulphuric  acid,  and 
converted  into  hydric  vinylic  sulphate,  CgHjHSO^ ;  by  carefully 
diluting  with  water,  neutralizing  with  baric  carbonate,  and  then 
concentrating  the  solution,  crystalline  baric  vinylic  sulphate  is 
said  to  be  produced.  If  the  acid  liquid  be  distilled  with  water, 
a  liquid  is  obtained,  slightly  more  volatile  than  water,  and  having 
a  very  pungent  odour  somewhat  similar  to  that  of  acetone; 
this  Berthelot  regards  as  vinylic  alcohol,  CgHg.OH.  The 
product,  however,  does  not  appear  to  have  been  prepared  in  a 
pure  state,  nor  to  have  been  analysed,  and  it  is  not  at  all 
improbable  that  it  is  crotonic  aldehyde,  the  acetylene  being  first 
converted  into  acetic  aldehyde,  which,  imder  the  influence  of  the 
acid,  furnishes  crotonic  aldehyde,  thus : 

CH  CH3 

III         +      2H3SO,     =      I  ; 

CH  CH(HS04), 

Aoel7l«ne.  Ethjlidenio  sulphate, 

CI13  CI13 

I  +  OH,  =    i  +  aHjSO^: 

CH(HS0j3  COH 
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aCjH^O    =    C^H,0  •+    OH,. 

Acetic  aldel^de.        Crotonic  aldehyde. 

B7  the  action  of  potassic  permanganate  solution  at  ordinary 
temperatures  acetylene  is  oxidized  to  oxalic  acid ;  formic  and  car- 
bonic acids  being  formed  as  secondary  products :  by  a  dilute 
solution  of  pure  chromic  acid,  it  is  converted  into  acetic  acid 
(Berthelot). 

(1249)  M^^O'tlic  derivatives  of  acetylene. — "When  sodium  ia 
heated  gently  in  acetylene,  the  latter  is  absorbed,  and  a  volume  of 
hydrogen,  equal  to  about  half  the  acetylene,  is  liberated,  sodium 
acetylene^  C^HNa,  being  formed ;  at  a  dull  red  heat,  disodium 
acetylene,  C^Na^,  is  produced,  and  a  volume  of  hydrogen  about 
equal  to  that  of  the  acetylene  is  liberated ;  in  both  cases  small 
quantities  of  ethylene  and  ethane  are  formed  by  the  union  of 
acetylene  with  hydrogen.  When  potassium  is  melted  in  acetylene 
it  takes  fire,  and  is  converted  into  dipoiassium  acetylene,  C^K^. 
These  compounds  are  immediately  decomposed  by  water,  acetylene 
being  regenerated  (Berthelot). 

The  precipitate  of  so-called  cuprous  acetylide  {cuproso-acetylie 
oxide :  Berthelot ;  cuproso-vinylic  ether  :  Frankland),  formed  on 
passing  acetylene  into  an  ammoniacal  solution  of  cuprous  chloride, 
after  being  washed  with  ammonia  until  free  from  chlorine,  and 
then  with  water,  has  the  composition  indicated  by  the  formula 
(C3H3Cu<|)20  (Berthelot).  It  is  a  very  unstable  compound,  deto- 
nating by  percussion,  or  when  heated  to  between  95®  and  1 20^(203^ 
and  248°  F.).  By  passing  acetylene  into  a  solution  of  cuprous 
chloride  in  potassic  chloride  and  washing  the  precipitate  with 
potassic  chloride  solution  and  afterwards  with  water,  the  compound 
C2HCu<,Cl  {cuproso-acetylic  chloride:  Berthelot)  is  obtained, 
which  is  of  a  darker  colour  than  the  cuprous  acetylide.  Corre- 
sponding silver  derivatives  (C^llAg^)fi  and  C^HAg^Cl,  are  formed 
as  white  precipitates  bypassing  acetylene  into  ammoniacal  solutions 
of  silver  nitrate  and  chloride  :  the  silver  acetylide  is  a  highly 
explosive  compound.  Explosive  gold  and  mercury  derivatives  are 
also  produced  on  passing  acetylene  into  a  solution  of  sodic  auric 
hyposulphite,  or  by  leaving  acetylene  for  some  time  in  contact 
with  a  solution  of  potassic  mercuric  iodide,  mixed  with  a  little 
ammonia.  Acetylene  is  reproduced  from  all  these  metallic  deri- 
vatives when  they  are  warmed  with  hydrochloric  acid. 

Our  knowledge  of  these  substances  is  very  incomplete  how- 
ever, as  their  examination  is  extremely  difficult  on  account  of 
their  explosive  nature;  and  although  Berthelot  has  assigned 
formulae  to  them,  he  has  not  furnish^  us  with  the  experimental 
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data  upon  wbicli  his  conclusions  are  based.  The  cnprons  deriva- 
tives, if  the  formulae  given  to  them  are  correct,  may  perhaps  be 
represented  as  follows  : 

HC=C.Cu.Cu. 

^0.        HC=C.Cu.Cua. 
HC=C.Cu.Cu/ 

Although  cuprous  acetylide  is  frequently  regarded  as  a  deri- 
vative of  vinylic  oxide  or  ether,  thus  : 

Cu-Cu        Cu-Cu 
II  II; 

HC=C-0-C=CH 

a  consideration  of  the  manner  in  which  it  is  formed,  and 
the  fact  that  acetylene  is  so  readily  reproduced  on  treating 
it  with  hydrochloric  acid,  renders  this  formula  extremely  impro- 
bable, not  to  say  impossible. 

The  silver  derivatives  may  be  similarly  represented  if  it  be 
admitted  that  silver  is  in  these  compounds  trivalent : 

HC=C.Ag=Ag. 

^O       HC=C.Ag=AgCl. 
HC=C.Ag=Ag/  ■ 

Carstanjen's  formuls  (Jottm.  pr.  Chem.  [2],  iv.  420)  : 

<AgC=CAg),  +   OH,;         AgC=CAg  -h  HCl; 

appear  leas  probable,  as  there  is  reason  to  doubt  whether  both 
atoms  of  hydrogen  in  the  acetylene  molecule  are  displaced  by 
silver,  since  sodium,  which  appears  to  have  a  greater  displacing 
power  than  silver,  furnishes  disodium  acetylene  only  when  heated 
to  dull  redness  in  the  gas. 

By  agitating  silver  acetylide,  suspended  in  water,  with  an 
ethereal  solution  of  iodine,  until  the  latter  was  no  longer  de- 
colorized, Berend  (Ann.  Chem,  Pharm,,  cxxxv.  257)  obtained  a 
yellow  crystalline  compound  of  the  composition  C^H^T^.  The 
nature  of  this  body  is  at  present  unknown,  but  its  formation 
may,  to  a  certain  extent,  be  regarded  as  evidence,  that,  in  silver 
acetylide,  the  whole  of  the  hydrogen  of  acetylene  is  not  dis- 
placed by  silver. 

(1250)  HoiioLoouES  OF  AcETTLENE. — Preparation :  The  only 
general  method   at   prenent  known  of  preparing  these  hydro- 
carbons, is  by  the  action   of  an  alcoholic  solution   of  potassic 
hydrate  on  the  monohaloid  derivatives  of  the  olefines,  thus : 
C^H^-iBr  +   KO.C,H,  =  C^H^.,  +  KBr  +  HO.aH,, 
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It  is  to  be  noted,  however,  that  certain  of  the  haloid  derivatives 
of  the  olefines  are  not  thus  acted  upon,  but  are  converted  by 
double  decomposition  into  ethers  (vide  crotonylene) : 

C„H^_iBr  +  KOCjH^  =  C„H^_i.0CjH5  +  KBr. 

Properties, — All  the  hydrocarbons  of  the  series  possess  cha- 
racteristic unpleasant  odours. 

They  resemble  acetylene  in  combininci^  in  two  proportions 
with  the  halogens  to  form  either  duhsloid  derivatives  of  the 
olefines,  or  tetra-h&loid  derivatives  of  the  paraffins  : 

and  with  the  haloid  acids  forming  either  mono-hsloid  derivatives 
of  the  olefines,  or  rft-haloid  derivatives  of  the  paraffins  : 

CnH2n»2  +  HI  =  CnH2n»iI   ;    C^H^n^j     +    iZHI    =    CnH2al2. 

Several  of  the  homologues  of  acetylene  also  furnish  charac- 
teristic precipitates  (metallic  derivatives)  when  added  to  solu- 
tions of  cuprous,  argentic,  gold,  mercury,  and  other  salts,  from 
which  the  original  hydrocarbon  is  reproduced  on  warming  with 
hydrochloric  acid.  In  no  case,  however,  has  the  displacement  of 
more  than  one  atom  of  hydrogen  by  the  metal  been  observed. 
The  formation  of  these  metallic  derivatives  appears  to  be 
restricted  to  the  hydrocarbons  of  the  form  HC^C.CnHgn+y  de- 
rived from  acetylene  by  the  displacement  of  one  of  its  hydrogen 
atoms  by  a  radicle  of  the  CnH^n+j  series. 

(1251)  Constitution  of  the  Homologues  of  Acetylene, — Although  com- 
paratively little  is  known  of  the  homologues  of  acetylene,  it  is  already  possihle 
to  indicate  the  nature  of  the  various  groups  of  hydrocarhons  included  in  the 
acetylene  series,  and  it  seems  especially  desirable  that  this  should  be  done  in 
order  to  direct  attention  to  the  necessity  of  research  in  this  direction. 
Two  groups  of  hydrocarbons,  represented  by  the  formulae  : 

I.  HC  =  C.CnH2n+i       ,      II.  C„Hto«.C  =  CC^Hj^+i , 

in  which  respectively  one  and  both  atoms  of  hydrogen  in  acetylene  are  displaced 
by  radicles  of  the  form  0QH3n^.i,  may  be  regarded  as  direct  derivatives  of 
acetylene.  Hydrocarbons  of  the  first  group  would  seem  always  to  be  prodnci^d 
when  aldehydes  of  the  series  CH^q  4.  ^.CH^.COH  or  ketones  of  the  series 
CnH,,  +  j.CO.CH,  are  converted  into  dichlorinated  paraffins  by  the  action  of 
phosphoric  chloride,  and  these  are  acted  upon  with  an  alcoholic  solution  of 
potassic  hydrate  : 

C„H,„  +  ,.CH,.COH  +   PCI,   --  CnH,„+,.CH,.CHCl,+  POCl,; 

Aldehyde.  Dichlorinated  paraffin. 

C«H,„+,.CH,.CHC1,  +   2KOH  =  C„H,„+,.C=CH  +  2KCI  +  2OH,. 

Dichlorinated  ponffln.  Hydrocarbon  of 

acetylene  Berlea.  ^  j 
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CnH,„  +  ,.CO.CH,   +   PCI,   =   C„H„+j.CCl,.CH,  +   POCl,; 

Ketone.  Dieblorinated  peraflln. 

C„H,„+,.CC1,.CH,   +   2KHO  =  C„H,„+,.C=CH  +  2Ka   +    2OH,. 

Diehlorinated  paraflBn.  Hydrocarbon  of  aoetylene  seriea. 

The  remaining  groaps  of  the  series  are  oonstrncted  on  a  somewhat  different 
type.  The  first  homologae  of  acetylene,  C,H^,  exists  in  two  modifications ;  one 
of  these,  known  as  allyl&ne,  is  the  first  term  of  the  series  HC=C.CnH,n  ^  ^, 
being  methylctcetylene,  HC^C.CH,;  the  isomeric  compound,  however,  which 
Henry  has  proposed  to  term  allene  {Deut  chem.  Oes,  Ber.,  vii.  403),  is  repre- 
sented by  the  formala  HjCZZCziCH,,  and  from  it  five  gronpa  of  hydrocarbons 
may  be  derived  by  the  displacement  of  one,  two,  three,  and  four  atoms  of 
hydrogen  by  radicles  of  the  GqH^  +  ^  series ;  thus : 

CH.CnH^  +  J       CH.CnHjn  4.  ^      C(CnH,n  +  j),      C(CaH,n  +  j),      C(CnH,n  +  X 

W  II  II  II  II 

c  c  c  c  c 

n  II  II  It  II 

CH,  CH.C„H^+,    CH,  CH(C„H,„  +  ,)  C(C„H^  +  ,). 

III.  IV.  V.  VI.  VII. 

It  will  be  noticed  that  in  acetylene  and  the  hydrocarbons  derived  from  it 
(groups  I.  and  II.),  only  two  of  the  carbon  atoms  have  disposable  affinities ;  thus, 
for  example,  when  these  hydrocarbons  combine  with  chlorine  4)r  bromine,  the 
halogen  can  only  attach  itself  to  two  carbon  atoms,  as  in  the  formation  of  tbe 
tetrabromopropane,  CHBr,.CBr,.CH,,  from  allylene,  HC^C.CH, ;  in  the  case 
of  allene,  however,  and  of  the  hydrocarbons  derived  from  it  (groups  III.  to 
Yn.),  three  of  the  carbon  atoms  have  disposable  affinities.  Hydrocarbons  of 
the  acetylene  series,  however,  may  also  be  formed  from  some  of  the  monohaloid 
derivatives  of  the  defines  by  the  union  of  the  two  monad  hydrocarbon  residues 
left  on  the  removal  of  the  halogen  from  two  molecules  of  the  haloid  derivative ; 
thus: 

2C„Hto-iBr  -   Br,  =   (C„H^_0,  or  C^H^^^ 

2CH;=:CH.CH,I  +  2Na  =  CH;i:CH.CH,.CH,.CH— CH,  +  2NaI, 
AU7U0  iodide.  DiaUyl. 

In  all  such  hydrocarbons, /ntr  of  the  carbon  atoms  have  disposable  affinities. 
This  division  will  doubtless  be  found  to  include  a  large  number  of  groups  of 
strictly  homologous  hydrocarbons^  although  as  yet  very  few  of  them  have  been 
prepared. 

(125a)  Allylene  or  Pbopene  :  CgH^  or  HC=.C.CH3=:40. — 
This  hydrocarbon  may  be  prepared  from  the  crude  chloropropylene^ 
CjHjCl,  or  bromopropylene^  CjHgBr,  obtained  from  propylenic 
chloride  or  bromide^  by  heating  it  with  sodic  ethylate  in  sealed 
tubes  at  120°^  or  by  passing  the  vapour  through  a  boihng 
alcoholic  solution  of  potassic  hydrate^  or  simply  by  boriing 
propylenic  bromide  with  an  alcoholic  solution  of  potassic  hydrate ; 
it  is  also  formed  on  the  electrolysis  of  potassic  citraconate^  or 
mesaconatc^  C5H^(C03K)g  (Aarland),  and  by  the  action  of  sodium 
on  the  tetrachloropropane  CH..CCLCHCL  (Pittig  a,  Pfeflfer),     It 

gitizedbyVjOOQlC 


218  CEOTONYLENE.  [l^S^- 

is  a  colourless  gas^  having  a  peculiar  alliaceous  odour^  and 
produces  in  an  ammoniacal  solution  of  argentic  nitrate  a  white 
crystalline  precipitate  of  argentallylene,  CgHjAg;  in  an  ammoniacal 
solution  of  cuprous  chloride  a  greenish-yellow  precipitate  of  a  cu- 
prous derivative  is  obtained.  Allylene  forms  with  bromine  the  two 
compounds  CjH^Brj  and  C^H^Br^  both  of  which  are  liquid ;  it 
unites  rapidly  with  a  cold  saturated  solution  of  hydrobromic  acid^ 
being  converted  into  the  bromopropylene  CHg.CBrZZCHj 
(Reboul). 

Allylene  is  readily  absorbed  by  concentrated  sulphuric  acid ; 
on  adding  cold  water  and  distilling^  a  considerable  quantity  of 
acetone  is  obtained^  and  the  solution^  if  neutralized  with  baric 
carbonate  and  concentrated^  furnishes  a  crystalline  baric  salt  of 
the  composition  (C3H3S03)gBa  (Fittig  a.  Schrohe,  Deut.  chem. 
Ges.  Ber.,  viii.  17  and  367).  The  formation  of  acetone  doubtless 
takes  place  in  the  following  manner : 

CH3.C=CH   +  aHgSO^  =  CHj.CCHSO^g.CHj ; 
CHj.qHSOJa.CHj  +    OH2  =  CH3.CO.CH3  +  aHaSO^. 

At  the  same  time^  a  portion  of  the  allylene  is  apparently  converted 
into  allylenesulphonic  acid:  CgH^+HgSO^rrCgHj.HSOj  +  OHg. 

According  to  Berthelot^  allylene  is  oxidized  by  potassic  per- 
manganate to  malonic  add,  C^H^O^,  and  by  chromic  acid  to 
propionic  acid,  CgH^Og ;  by-products  such  as  formic^  acetic, 
carbonic  and  oxalic  acids  are  also  obtained ;  and  in  the  latter 
case  the  formation  of  the  acid  is^  it  is  said,  preceded  by  that  of 
allylene  oxide  CjH^O  (?  acetone),  which  boils  at  60° — 6a^ 
(i40^-i43°-6  R). 

hoallylene  or  allene  :  (?)  CHj CZZCHg. — ^When a  saturated 

solution  of  potassic  itaconate,  CgH^(COgK)3,  is  submitted  to 
electrolysis,  this  gas  is  evolved  at  the  positive  electrode,  together 
with  carbonic  anhydride.  It  is  readily  distinguished  from 
allylene,  since  it  does  not  produce  a  precipitate  in  an  ammoniacal 
solution  of  argentic  nitrate,  being  incapable  of  forming  metallic 
derivatives ;  it  is  absorbed  by  bromine,  and  converted  into  the 
compound  CgH^Brg,  which,  when  heated  with  bromine  to  100® 
(a  1 3®  F.)  furnishes  a  crystalline  tetrabromopropane,  CjH^Br^ 
(Aarland,  Joum  pr.  Chem.  [a],  vi.  256). 

(1253)  Cbotontlene  :  C^H,  =  54.— Cayentou  obtained  a  hydrocarbon  of  this 
eompo'sition,  boiling  at  about  18^  (64^*4  F.),  by  beating  bromobutylene,  C^H^Br, 
with  sodic  ethylate  to  100°  (212"  F.).  The  bntjlene  bromide,  from  which  the 
bromobutylene  was  prepared,  was  separated  by  fractional  distillation  from  the  mix- 
ture of  bromides  produced  by  passing  into  bromine  the  gases  resulting  from  the 
decomposition  of  fermentation  amylic  alcohol  vapour  at  a  red  heat.  Butlerow  has 
aiuce  shown  that  the  so-called  iiobutylene,  UfiZZC{CB^^,  is  contained  in  these 
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gaMB,  bat  he  finds  that  pure  bromobntylene  prepared  from  pure  isobatylene 
bromide  ^oes  not  yield  Caventoa's  hydrocarbon  when  heated  with  sodic  ethylate, 
the  action  whkh  takes  place  being  represented  by  the  equation : 

C,H,Br  +  NaOC.H,   =   C,H,.OC,H,   +  NaBr; 

it  therefore  follows  that  the  crotonylene  in  question  was  derived  from  some  other 
butylene  than  isobutylene.     (Zeits.  Chem.  [2],  vi.  523.) 

Crotonylene  is  formed  when  a  mixture  of  acetylene  &nd  ethylene  is  passed 
through  a  tube  heated  to  dull  redness:  C,H,  +  C,H^  =  C^H^  (Prunier,  Deut. 
ekem.  Gee.  Ber,,  vi.  825) ;  it  furnishes,  with  bromine,  a  crystalline  teirahromo- 
tetrane,  C^H.Br^,  melting  at  i  i3**--i  15°  (23S°*4— 239**  F.).  A  body  apparently 
identical,  and  boiling  at  20** — 25®  (66° — 77°  F.)  may  be  separated  by  fractionsd 
distillation  from  the  hydrocarbons  condensed  by  compression  from  coal-gas 
(Oaventou,  ibid.  70).  By  distilling  erythrite  with  five  times  its  weight  of 
eonoentrated  formic  acid,  Henninger  (ibid.)  has  obtained  a  crotonylene  which 
furnishes  a  tetrabromotetrane  crystallizing  in  white  needles  or  glistening  rhombic 
plates,  and  melting  at  116°  (24o''*8  F.). 

It  is  not  stated  that  the  crotonylene  prepared  by  either  of  these  methods  pro- 
dnoes  a  precipitate  in  solutions  of  silver  or  cuprous  salt,  but  a  crotonylene  which  has 
this  property  is  obtained  by  the  action  of  potassic  hydrate  on  the  dichlorotetrane 
formed  on  distilling  methyl  ethyl  ketone,  CHg.CO.CJIj^  with  phosphoric  chloride 
(Bruylants,  ibid.  viii.  412).  It  boils  at  about  18  (64^*4  F.),  and  furnishes  a 
crystalline  tetrabromotetrane. 

It  is  highly  probable  that  the  crotonylene  from  methyl  ethyl  ketone  is  ethyU 
acetylene,  HC^C.C,H^ ;  and  if  the  hydrocarbon  from  the  other  sources  above- 
mentioned  is  an  isomeric  compound,  it  is  doubtless  dimethylacetylenes 
CHj.C^CCH,.  The  formation  of  a  crotonylene  of  the  latter  kind  from 
erythrite  and  formic  acid  is  readily  explained,  the  first  action  consisting  in  the 
production  of  Skformin  or  ethereal  salt  of  formic  acid,  thus : 

CH,.OH  CH,.OH(X) 

CH.OH  CH.OH 

I  +     2H.COOH  =       I  +     2OH,; 

CH.OH  Fomiioacid.  CH.OH 

I  I 

CH,.OH  CH,.OHCO 

ErTthrtte.  Erytbroformio. 

which  subsequentiy,  on  distillation,  is  broken  up  into  crotonylene,  carbonic  anhy- 
dride,  and  water : 


CH,.OHCO  CH. 

I  I 

CH.OH  C 

I  -       III 

CH.OH  C 

I  I 

CH,.OHOO  CH, 


2CO,      +      2OH,. 


(1254)    E^PTLACETTLENE.    IsOPBOPTIACETYLBirB.    YaLEBYLENB.      IsO- 

PBEKE :  C^H,  =  68. — Propylacetylene  is  produced  from  methyl  propyl  ketone, 
CH,.CO.C,H,,  by  the  method  already  described,  and  ieopropylacetylene  is 
similarlj  prepared  from  the  valeric  aldehyde,  (CHJ^HC.CH^.COH,  formed  on 
oxidizing  fermentation  amylic  aloohoL  Propylacetylene  boils  at  48° — 49^ 
(ii8^'4 — i2o°'2  F.}.     Thej  are  mobile  colourless  liquids,  possessine-a^  peculiar 
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alliaceous  odour,  and  produce  white  precipitates  of  the  composition  C^H^Ag,  in 
an  ammoniacal  solution  of  argentic  nitrate,  and  yellow  precipitates  in  a  cuprous 
solution.  They  combine  with  bromine,  forming  liquid  compounds  of  the  com- 
position  C,HjBr,  and  C  H^Br^.  The  dibromamylene  thus  derived  from  propyl- 
acetylene  boils  at  190  (374°  F.),  and  that  from  isopropylacetylene  at  175*^ 
(347°  F.),  but  the  latter  is  at  the  same  time  partially  decomposed  ;  the  tetrabro- 
mopentanes  boil  at  275*  (527°  F,),  (Bray Ian t«,  Deut  chem,  Ges.  ^cr.,  viii.  406). 

Valerylenej  which  was  dincovered  by  Reboul,  is  obtained  by  heating  amj-lene 
bromide,  C^Hj^^Brj,  to  140°  (284°  F.),  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate.  It  is  a  mobile  liquid  of  alliaceous  odour,  which  boils  at  44^ 
(iii°*2  F.) ;  it  does  not  precipitate  an  ammoniacal  cuprous  solution  ;  it  unites 
with  bromine,  forming  the  compounds  C  H^Br,  and  C^H^r^,  of  which  the 
former  boils  at  i68® — 172°  (334°'4— 341  6  F.).  Inasmuch  as  the  nature  of 
Reboul's  amylene  bromide  is  not  known,  the  composition  of  valerylene  is 
uncertain,  but  it  is  not  improbably  a  dimeihylallene,  H,CzzCziC(CH,),. 

Isoprene  is  a  hydrocarbon  obtained  together  with  other  products  by  the 
dry  distillation  of  caoutchouc  and  gutta-percha ;  it  boils  at  37®— 38°  (98*^-6 — 
ioo°'4  F.).  It  absorbs  oxygen  on  exposure  to  the  air,  and  becomes  thickened. 
In  this  condition  it  has  powerful  bleaching  properties,  and  when  it  is  distilled  a 
violent  reaction  takes  place,  and  the  residue  suddenly  solidifies  to  a  white 
amorphous  mass  of  the  composition  C„Hj,0  (Greville  Williams). 

(1255)  HszoYLEHB,  DiALLYL:  C.Hj,  =  82. — The  first  of  these  hydrocar- 
bons is  produced  by  heating  bromohexylene,  C^H^jBr  (from  dibromehexane 
from  American  petroleum  oil)  to  140**— 160**  (284® — 320**  F.),  with  an 
alcoholic  solution  of  potassic  hydrate.  The  hexoylcne  boils  at  80^ — 85^ 
(i76''--i85°F.),  (Caventoa) ;  at  76'*--8o°  (i68°— 176*  F.),  (Reboul  a.  Truchot). 
It  forms  liquid  substances  with  bromine  of  the  composition  C^H^^Br,,  and 
C^Hj^Br^.  Schorlemmer  has  shown  that  crude  benzene  contains  a  hydrocarbon 
of  the  composition  C^H^^  (Ann,  Chem.  Pharm.,  cxxxix.  251). 

XHallyl  :  CH  — CH.CH^CH,.CH=lCH,.  —  Diallyl  is  produced  in  a 
variety  of  ways  from  the  allyl  compounds,  as,  for  example,  by  the  action  of 
sodium  on  a-iodopropylene  or  allylic  iodide,  CgH^I,  and  on  a-trichloro-  and 
a-tribromopropane,  but  it  is  best  prepared  by  adding  mercurallylic  iodide  to  a 
solution  of  potassic  cyanide ;  an  action  at  once  takes  place  in  the  cold,  and  on 
subsequently  distilling,  the  diallyl  passes  over  with  the  aqueous  vapour  (Oppen- 
heim,  Deut.  chem,  Oes,  Ber.,  iv.  672) : 

2C,H,HgI  +    2KCN   =  C,H,,   +   Hg(CN),   +   Hg  +    2KL 

It  is  a  mobile  colourless  liquid,  having  an  ethereal  pungent  odour  like  that  of 
the  radish;  it  boils  at  $9"  (i38'''2  F.),  and  at  17°  (62^*6  F.)  has  the  sp.  gr. 
0685. 

The  behaviour  of  diallyl  with  various  substances  has  been  very  carefully 
examined.  Thus,  when  combined  with  bromine,  it  furnishes  a  crystalline 
tetrabromohexane,  C^H^^Br^  which  melts  at  37®  (98''*6  F.),  and  when  gently 
warmed  with  iodine  a  corresponding  crystalline  tetriodohexane,  C^H^^I^.  On 
adding  nitric  peroxide  to  an  ethereal  solution  of  diallyl,  crystals  of  the  compound 
C.HJNOJ^  separate.  When  diallyl  is  heated  to  100**  (212^  F.)  with  a 
saturated  solution  of  hydrochloric  acid,  the  compounds  C^H^jCl  and  C^Hj^Cl^ 
are  produced,  and  corresponding  iodo-derivatives  are  formed  on  heating  it  with 
hydriodfc  acid.  On  mixing  diallyl  and  concentrated  sulphuric  acid,  a  violent 
reaction  takes  place,  but  if  tiiis  be  moderated  by  adding  the  acid  gradually  and 
with  constant  agitation  to  a  solution  of  diallyl  in  an  equal  volume  of  the  pure 
paraffin  hydrocarbons  boiling  at  55° — 60®  (i  2 1® — 140®  F.)  until  no  furthet  action 
is  observed,  and  the  lower  acid  layer  be  then  separated  and  mixedwitiiiMber» 
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an  oil  separates  which  is  a  mixtare  of  the  compoand  C^H^O  with  a  number  of 
hydrocarbons  polymeric  with  diallyl  of  the  composition  (C^H^^q  (JekyU, 
Ckem.  Neu>9f  xxiL  221). 

(1256)      A1IYI.ACBTYLBNB.      TBTBA.SCBTH Y&ALLENB :    C^H,,  =  96. — AmyU 

acetylene  or  (Bnanthylidene :  HC^C(C^H  J^,  is  obtained  by  the  action  of  potassic 
hydrate  on  the  dichloroheptane,  C^H^^Gl,,  and  dibromoheptane,  O^Hj^Br,, 
formed  from  heptylio  aldehyde  (Rubien,  Ann,  Chem,  Pharm.,  cxlii.  294 ; 
Bruylants,  Deut.  chem,  Qes,  JBer.,  viii.  409).  It  is  a  colourless  liquid,  of 
alliaceooB  odour,  which,  according  to  Rubien,  boils  at  106° — 108°  (222^*8 — 
226°'4  F.),  but  according  to  Bruylants,  at  100°  (212^  F.)  It  produces  a  white 
precipitate,  C,U|jAg,  iu  an  ammoniacal  solution  of  argentic  nitrate,  and  a 
yellow  precipitate  in  an  ammoniacal  cuprous  solution ;  with  bromine  it  furnishes 
the  compounds  C^H^Br,  and  C^Hj^Br^. 

Tetramethylallene :  (CHJ,CziCziC(CH,),.— This  hydrocarbon  is  formed 
by  treating  the  dichloroheptane  from  diisobutyl  ketone,  (CH,),HC.CO.CH(CH,),, 
with  an  alcoholic  solution  of  potassic  hydrate  (Henry,  Deut,  chem,  Ges.  Ber,, 
yiiL-400).  It  is  a  liquid  of  unpleasant  odour,  which  boils  ac  about  70** 
(158^  F.);  it  does  not  furnish  metallic  derivatives. 

(1257)  Capbylidbnb.  Tetrahydeoiietaxylenb:  CgH^^=ioo. — Bubien 
obtained  caprylidene  by  the  action  of  potassic  hydrate  on  the  dibromoctane, 
CgHjjBr,,  formed  from  octylene  or  caprylene  (?  from  castor-oil  octylic  alcohol) 
and  bromine.  It  is  a  colourless  liquid,  of  faint  alliaceous  odour,  which  boils  at 
134^  (272°'7  F.)f  and  combines  with  bromine  to  form  the  two  compounds 
C,H„Br.andC.H„Br.. 

Telrahydrometaanflene. — When  camphoric  acid,  C^^^^fi^,  is  decomposed  by 
heating  with  hydriodic  or  hydrochloric  acid,  a  mixture  of  two  hydrocarbons  of 
the  compositions  C,H^^,  which  boils  at  119°  (246°*2  F.)  is  obtained,  about  half  of 
which  consists  of  tetrahydrometaxylene — a  hydrocarbon  which  may  be  produced 
by  heating  metaxylene,  C^H^^,  with  hydriodic  acid  and  phosphorus.  By  the  action 
of  concentrated  nitric  acid,  tetrahydrometaxylene  is  converted  into  trinitro- 
metaxylene,  C,H,(NOj),. 

A  third  isomeric  hydrocarbon,  boiling  at  io5®*(22i'' F.),  is  obtained  by 
distilling  the  copper  salt  of  camphoric  acid  (Wreden,  DeuL  chem,  Ges,  Ber,,  v. 
608,  764,  1106;  vi.  1381). 

(1258)  Dbcbnylbnb.  Mbnthbkb.  RirTYLENB:Ci,,Hjg=  138.— By  succes- 
sively converting  petroleum  decane,  Cj^H^j,  into  chlorodecane,  decylene,  and 
dibromodecane,  and  submitting  the  last  of  these  compounds  to  the  action  of 
potassic  hydrate,  Reboul  and  Truchot  obtained  a  hydrocarbon  of  the  composition 
C^Hy,  boiling  at  about  165"*  (329°  F.),  to  which  they  gave  the  name  deceny- 
lene.  With  bromine  it  furnishes  the  two  compounds  C^^jH^^Br,,  and  C^^H^Br^. 
Butylene  is  formed  by  heating  the  dibromodecane  from  diamylene  (diamylene 
bromide)  with  an  alcoholic  solution  of  sodic  hydrate  (Bauer,  Ann,  Chem.  Pharm,, 
exzxv.  344).  It  boils  at  about  150*  (302°  F.).  When  treated  with  bromine 
at  a  low  temperature  it  is  converted  into  the  dibromide  Ci,,H„Br,,  which  is  an 
extremely  unstable  substance,  decomposing  even  at  the  ordinary  atmospheric 
temperature. 

Menthene  is  a  hydrocarbon  produced  by  the  action  of  phosphoric  anhydride 
on  menthol  or  peppermint-camphor,  Cj^,Hj,.OH,  It  is  a  transparent  mobile 
liquid,  which  boihi  at  163®  (325°-4  F.),  and  has  an  agreeable  odour  and 
cooling  taste.  It  combines  with  bromine  in  two  proportions,  forming  the  com- 
pounds Cj^HjgBr,  and  C^^Hj^Br^;  the  former  of  these,  when  treated  with 
potassic  hydrate,  furnishes  a  hydrocarbon  of  the  composition  C^^Hj,  (Oppenheim), 
whibt  the  latter  is  resolved  by  distilbtion  into  cymene,  C^^H^^,  and  hydro- 
bromic  acid  (Wright). 
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(1259)  Endecbntlenb :  C,jHj^=i52. — Nanyiacetyl&ne,  RC^^(C^U^^, 
the  only  known  inodiiication  of  thitit  hydrocarbon,  i»  formed  by  heating  the 
dichlorendecane  from  methyl  nonyl  ketone,  CH^.CO.C^Hj^,  with  potasnic  hydrate 
(Braylants,  Deut.  chem.  Ges,  Ber,,  viii.  412).  It  boils  at  210* — 315* 
(410° — 419*^  F.),  and  produces  a  white  precipitate  in  an  ammoniaoal  solutioa  of 
a  silver  salt,  and  a  brownish  yellow  precipitate  with  a  euproos  salt. 

(1260)  Bknylemte:  Cj,Hj3  =  2o8. — By  the  action  of  bromine  at  -17*^ 
(i***4  P.)  on  triamylene,  C^^Hj^j,  a  triamylenic  bromide,  C^jH^Br,,  is  obtained, 
which  is  converted  by  heating  with  argentic  acetate  into  triamylenic  acetate, 
Cj,Hj^(CjHgOj)^ ;  when  this  compound  is  decomposed  with  potassic  hydrate,  it 
yields  the  hycbocarbon  benylene,  potassic  acetate,  and  water  (Bauer,  Aniu  Chem. 
Phann,,  czxxvii.  249).  It  is  a  viscid  colourless  liquid,  having  but  a  faint  odour, 
and  boils  at  230® — 240°  (446* — 464®  F.) ;  it  combines  readily  with  bromine. 

(i  261)  Cbtenylene  or  Cetine  :  C^fi^  -=222,  may  be  produced  by  splitting 
off  two  molecules  of  hydrobromic  acid  from  cetylene  bromide,  Oj^H^Br, 
(Chydenius,  Ann.  Chem.  Pharm.,  cxliii.  267).  It  is  a  colourless  liquid,  lighter 
than  water,  and  boils  without  decomposition  at  280° — 285*  (536° — 545°  F.). 

§  IV.  Hydrocarbons  op  the  0^^^^  Series, — Terpenes* 

(1262)  Our  knowledge  of  this  series  chiefly  extends  to  the 
hydrocarbons  of  the  composition  Cj^H^g.  Only  two  containing 
fewer  atoms  of  carbon  have  been  described,  viz. :  Valykiie,  CgH^, 
and  Carpene,  CgH^^,  although  Knner  formerly  stated  {Deui.  chem. 
Ges.  Ber,,  viii.  898,  J282)  that  a  gaseous  hydrocarbon  of  the  com- 
position CgHg,  which  he  called  jDroj9ar^y/6»c,  might  be  obtained  by 
acting  on  the  dichlorallylene,  CgHgClj,  from  croton-chloral  (see 
crotonic  aldehyde)  with  sodium^  and  treating  the  product  with 
water ;  it  would  seem  that  a  hydrocarbon  of  this  composition 
does  not  really  exist. 

The  hydrocarbons  CjQHjg,  which  may  be  conveniently  desig- 
nated by  the  name  of  terpenes,  constitute  a  large  proportion  of 
the  greater  number  of  the  essential  or  volatile  oils,  as  the  odori- 
ferous oils*  obtained  from  plants  are  usually  called.  The  terpenes 
from  natural  sources  all  exhibit  to  a  greater  or  lesser  extent  the 


*  The  oils  furnished  by  various  plants  may  with  few  exceptions  be  divided 
into  three  classes :  I.  those  which  furnish  glycerin  and  acids  of  the  acetic  or 
oleic  series  when  decomposed  by  treatment  with  alkalies ;  II.  those  which  yield 
an  alcohol  of  the  ethylic  series  and  an  acid  of  the  acetic  series  when  similarly 
treated  ;  and  III.  those  which  are  not  affected  by  treatment  with  alkalies,  and 
which  contain  as  a  more  or  less  essential  constituent  a  hydrocarbon  of  the  com* 
position  CjjjHjj  or  C^H^^.  The  first  class  includes  such  well-known  substances 
as  olive  and  palm  oils,  and  the  oils  of  this  class  are  usually  termed  Jixed  oils, 
because  they  cannot  be  distilled  unchanged ;  they  are  inflammable,  nearly  or 
quite  odourless,  and  scarcely  soluble  in  water,  although  reailily  dissolved  by 
alcohol  and  ether ;  they  produce  a  permanent  greasy  stain  when  applied  to  paper, 
and  when  rubbed  upon  the  skin  give  rise  to  an  unctuous  feeling.  The  oils  of 
the  second  class  are  of  comparatively  rare  occurrence,  and  have  as  yet  only  been 
obtained  £rom  certain  ambelliferous  plants :  thus  the  oils  extracted  from  the 
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power  of  causing  the  deviation  of  circularly  polarized  light 
either  to  the  right  or  to  the  left.  Up  to  the  present  time  a 
very  large  number  of  varieties  have  been  distinguished,  chiefly 
by  reason  of  their  behaviour  with  polarized  light,  the  terpene 
firom  one  plant  being  seldom  considered  as  identical  with 
that  derived  from  another.  As  few  of  these  have  been  well  exa- 
mined, however,  and  there  is  little  doubt  that  many  of  the 
terpenes  which  have  been  described  have  been  far  from  pure,  it 
is  not  improbable  that  the  number  of  isomerides  of  the  com- 
position CjqHj^  has  been  much  exaggerated,  and  therefore  that 
when  the  terpenes  from  various  sources  are  carefully  studied  and 
compared,  some,  or  even  many,  now  regarded  as  isomeric,  will  be 
found  to  be  identical. 

(1263)  Valylenb:  C^H^=66, — Reboul  obtained  this  hydro- 
carbon by  the  action  of  an  alcoholic  solution  of  potassic  hydrate 


froits  of  Seracleum  giganteumy  JS,  spondylium,  and  Pasiinaca  saliva  are 
mixtures  of  ethereal  salts,  which  yield  hezylic  and  octjlic  alcohols,  and  acetic 
and  butyric  acids  on  treatment  with  alkalies ;  these  oils  have  a  more  or  less 
fruity  odour.  The  oils  of  the  third  class^  of  which  common  turpentine-oil  may 
he  quoted  as  an  example,  like  the  fixed  oils,  are  inflammable,  and  sparingly 
soluble  in  water,  although  readily  soluble  in  alcohol  and  ether;  but  the 
greasy  mark  they  produce  upon  paper  is  only  transient,  and  they  feel  harsh 
instead  of  unctuous  when  rubbed  upon  the  skin.  Since  they  can  be  distilled 
unchanged,  or  nearly  so,  and  as  they  constitute  the  distinctive  compound  of  the 
plants  which  yield  them,  they  are  termed  volatile  or  essential  oils.  Although 
the  boiling-point  of  these  oils  lies  considerably  above  100^  (212**  F.),  they  emit 
at  ordinary  temperatures  taiuute  quantities  of  an  intensely  odorous  vapour. 
Besides  the  hydrocarbons  of  the  composition  Cj^^H^^  or  Cj^H^^,  which  are  in 
many  cases,  although  by  no  means  always,  the  main  constituents  of  these  oils, 
there  is  invariably  present  one  or  more  oxygenated  compounds ;  these  latter 
belong  to  the  most  varied  classes  of  bodies,  although  a  comparatively  simple 
genetic  relation  between  them  and  the  associated  hydrocarbons  may  be  traced  in 
many  instances.  Many  of  the  oxygenated  compounds  are  solids,  being  held  in 
solution  in  the  oil,  from  which  they  frequently  separate  in  the  crystalline  state 
on  cooling.  These  solid  constituents  of  the  essential  oils  were  formerly  spoken 
of  collectively  as  stearoptenes,  the  fluid  portion  of  the  oil  being  termed  in 
contradistinction  the  etceoptene. 

A  few  oils  which  are  not  included  in  the  above  classes  have  been  obtained 
from  plants.  Thus  the  bitter  almond  contains  a  substance  known  as  amygdalin, 
which,  under  the  influence  of  a  ferment  present  in  the  seed,  is  resolved  into 
sugar,  hydrocyanic  acid,  and  hitter  almond  oil  or  benzoic  aldehyde,  C,HgO ; 
mustard  seed  similarly  contains  a  substance  known  as  myrosin,  which,  when 
acted  upon  by  a  ferment  present  in  the  seed,  furnishes  mustard  oil  or  allelic 
isotkiocifanale,  C,Hj.NCS.  The  oils  from  Tropaolum  majus  and  the  common 
garden-<;ress  (Lepidium  sativum),  Acoordmg  to  Hofmann,  consist  oi  phenylaceto- 
niirile,  C^H^.CH^CN,  whilst  the  oil  from  the  water-cress  {Nasturtium  officinale) 
b  phenylpropionitrile,  C^H^.CyH^.CN.  The  same  chemist  has  shown  that  the 
oil  of  the  spoon- wort  {CochUaria  officinalis)  is  a  secondary  butylic  isothio" 
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on  the  compound  CgHgBrg,  formed  from  valerylene.  It  is  a 
mobile  liquid  of  an  alliaceous  odour^  which  boils  at  about  50^ 
(122®  F.);  it  produces  a  yellow  precipitate  of  a  cuprous  deri- 
yative  when  added  to  an  ammoniacal  solution  of  cuprous  chloride, 
from  which  the  hydrocarbon  is  regenerated  on  warming  with 
dilute  hydrochloric  acid.  When  bromine  is  added  drop  by  drop  to 
carefully  cooled  valylene^  a  crystalline  mass  is  obtained,  saturated 
with  an  oil;  the  crystals  consist  of  CgH^Br^,  whilst  the  oil 
contains  the  compound  CgH^Br^  and  perhaps  also  CgH^Br^. 

(1264)  Carfenb  :  CgHj^=i22. — This  hydrocarbon  is  pro- 
duced, together  with  other  bodies^  when  the  calcium  salt  of  podo- 
carpic  acid  is  destructively  distilled  (Oudemans,  Ann.  Chem. 
Pharm,,  clxx.  252),  It  is  a  mobile  liquid  having  an  odour  which 
recalls  both  that  of  turpentine  and  that  of  storax.  It  boils  at 
about  155°  (3ii®F.).  By  the  action  of  bromine  it  is  converted 
into  the  substitution  derivatives  Cj^H^gBr.  and  CgHjjBrg.  It 
rapidly  absorbs  oxygen  from  the  air,  being  converted  into  a 
resinous  amorphous  substance,  which  approximately  has  the  com- 
position CigHjgOj;  in  this  respect,  more  especially,  carpene 
exhibits  a  very  close  resemblance  to  the  terpenes. 

(1265)  Artificial  Terpenes:  C^qHi^  =  136.  —  A  hydro- 
carbon of  the  composition  CjqHj^  has  been  synthetically 
produced  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  on  the  compound  Ci^HjgBrj  from  rutylene  (Bauer  a. 
Verson,  Ann.  Chem.  Pharm.,  cli.  52).  The  body  thus  obtained 
exhibits  most  of  the  properties  which  characterize  the  natural 
terpenes,  although  optically  inactive.  It  is  colourless,  and  has 
a  strong  odour,  resembling  that  of  turpentme,  and  when  ignited 
it  burns  with  a  luminous  smoky  flame;  it  boils  at  156°-:- 160® 
(3i2°'8 — 320°  F.).  When  bromine  is  added  to  the  well-cooled 
hydrocarbon,  combination  at  first  takes  place  without  evolution 
of  hydrobromic  acid,  but  after  the  addition  of  the  first  few  drops 
of  bromine  the  action  becomes  violent,  and  much  hydrobromic 
acid  is  given  oflF.  Nitric  acid  exerts  a  powerful  oxidizing  action. 
It  readily  absorbs  oxygen  from  the  atmosphere,  and  on  this 
account  mainly  its  preparation  in  a  state  of  purity  is  extremely 
diflBcult.  Bauer  and  Verson  state  that  by  saturating  the  hydro- 
carbon with  hydrochloric  acid  gas  and  then  distilling,  an  almost 
colourless  liquid,  boiliug  at  about  180°  (356°  F.)  was  obtained, 
which  approximately  had  the  composition  corresponding  with  the 
formula  (C^yHjg)2HCl ;  but  the  portion  passing  over  between 
180® — 200®  (35^° — 392°  ^0  decomposed  with  evolution  of  hydro- 
chloric acid  and  blackening.     Terebene  from  turpentine  oil  was 
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at  that  time  (1869)  supposed  to  form  a  similar  compound  with 
hydrochloric  acid,  and  Bauer  and  Verson  were  therefore  led  to 
regard  their  hydrocarbon  as  perhaps  identical  with  terebene ;  it 
has  since  been  shown,  however,  by  Riban  that  "  terebene  hydro- 
chloride'^ has  the  composition  C^qH^^CI,  and  there  can  be  little 
doubt  that  the  substance  they  obtained  was  impure.  Terpenes 
have  also  been  prepared  artificially  by  polymerizing  isoprene, 
CgHg,  and  by  splitting  off  the  elements  of  water  from  the  oxy- 
genated compounds  of  the  composition  Cj^H^gO,  contained  in 
various  essential  oils ;  these  will  be  described  later  on. 

(1266)  Natural  Terpenes. — Hydrocarbons  of  the  composi- 
tion Cj^H^g  have  been  obtained  from  plants  of  the  most  various 
kinds,  but  those  which  are  of  the  most  importance  as  articles  of 
commerce  are  derived  from  the  Coniferm.  The  oleo-resinous  juices 
which  exude  from  the  trees  of  this  order  are  commonly  known  as 
turpentines,  and  are  solutions  of  "  resins"  in  hydrocarbons  of  the 
composition  Cj^^Hj^;  by  distilling  the  turpentines,  either  alone  or 
with  water,  these  hydrocarbons  or  turpentine-oils  are  separated. 
There  are  many  varieties  of  turpentine-oil ;  but  the  two  most 
important  commercially,  are  Ft'ench  turpentine-oil  derived  from  the 
French  or  Bordeaux  turpentine  of  Pinus  marilima,  and  the  so- 
called  English  turpentine-oil  from  the  turpentine  collected  in  the 
United  States  of  America  from  Pinus  Australis  and  P.  t<eda. 

The  following  account  of  the  extraction  of  turpentine  is  given 
by  Hanbury  and  Fliickiger  {Pharmacographia,  p.  546)  : 

In  the  United  States,  tnrpentine  is  obtained  to  the  largest  extent  from 
Pinus  Australis,  of  which  tree  there  are  vast  forests  in  North  and  South 
Carolina,  Georgia,  and  Alabama.  But  it  is  in  North  Carolina  that  the  extraction 
is  principally  carried  on. 

In  the  winter,  t.e ,  from  November  to  March,  the  negroes  in  a  Turpentine 
Orchard,  as  the  district  of  forest  to  be  worked  \a  called,  are  occupied  in  making 
in  the  trunks  of  the  trees  cavities  which  are  technically  known  as  boxes.  For 
this  purpose  a  long  narrow  axe  is  used,  and  some  skill  is  required  to  wield  it 
properly.  The  boxes  are  made  from  6  to  1 2  inches  above  the  ground,  and  are 
shaped  like  a  distended  waistcoat  pocket,  the  bottom  being  about  4  inches  below 
the  lower  lip,  and  8  or  10  below  the  upper.  On  a  tree  of  medium  size  a  box 
should  be  made  to  bold  a  quart.  The  less  the  axe  approaches  the  centre  of  the 
tree  the  better,  as  vitality  is  the  less  endangered.  From  i  to  4  boxes  are 
made  in  each  tree,  a  few  inches  of  bark  being  lefl  between  them.  The  greater 
number  of  trees  from  which  turpentine  is  now  obtained  are  from  12  to  18 
inches  in  diameter  and  have  three  boxes  each. 

The  boxes  having  been  made,  the  bark  and  a  little  of  the  wood  immediately 
beneath  it  are  hacked  ;  and  irom  this  excoriation,  the  sap  begins  to  flow  about 
the  middle  of  March,  gradually  filling  the  box.  Each  tree  requires  to  be  freshly 
hacked  every  8  or  10  days,  a  very  slight  wound  above  the  last  being  all  that  is 
needed.  The  hacking  is  carried  on  year  afler  year,  until  it  reaches  to  the  height 
of  1 2  or  15  feet  or  more,  ladders  being  us*ed.  The  turpentine,  which  is  called  ^jp,  j 
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is  removed  from  the  boxes  by  a  spoon  or  ladle  of  peculiar  form,  and  collected  into 
barrels.  The  first  year's  flow  of  a  new  tree,  having  but  a  small  surface  to 
traverse  before  it  reaches  the  box,  is  of  special  goodness  and  is  termed  Virgin 
dip.  The  turpentine  which  concretes  upon  the  trunk  is  occasionally  scraped  off 
|Lnd  barrelled  by  itself,  and  is  known  in  the  market  as  scrape,  or  by  English 
druggists  as  Common  Frankincense  or  Gum  Thus, 

Although  a  large  amount  of  turpentine  is  shipped  to  the  northern  ports  for 
distillation,  a  still  larger  is  distilled  in  the  neighbourhood  of  the  terp4*ntine 
orchards.  Copper  sti'ls  are  used  capable  of  containing  5  to  20  barrels  of 
turpentine.  The  turpentine  is  distilled  without  water,  the  vo'atile  oil  as  it  flows 
from  the  worm  being  received  in  the  barrel  in  which  it  is  aflerwai'ds  sent  to 
market  When  all  the  oil  that  can  be  profitably  drawn  off"  has  been  obtained,  a 
spigot  is  removed  from  an  opening  in  the  bottom  of  the  still  and  the  residual 
£osin,  appearing  as  a  viscid  fluid  like  molasses,  is  allowed  to  flow  out.  Only 
tlie  first  qualities  of  rosin,  as  that  obtained  from  Virgin  dip,  are  generally 
considered  worth  saving,  the  leas  pure  sorts  being  simply  allowed  to  run  to 
waste.  When  it  is  intended  to  save  the  rosin,  the  latter  is  drawn  off  into  a  vat 
of  water,  which  separates  the  chips  and  other  rubbish,  and  the  rosin  is  then 
placed  in  barrels  for  the  market.  A  North  Carolina  turpentine  orchard  will 
remain  productive  under  ordinary  treatment  for  fiHy  years. 

The  collection  of  turpentine  in  the  departments  of  the  Landes  and  Gironde 
in  the  south-west  of  France,  chiefly  in  the  neighbourhood  of  Bordeaux,  and  the 
tract  of  country  between  Bordeaux  and  Bayonne,  is  performed  in  a  more  rational 
manner  than  in  America,  inasmuch  as  the  plan  of  making  deep  cavities  in  the 
tree  for  the  purpose  of  receiving  the  rosin,  is  avoided  by  the  simple  expedient  of 
placing  a  suitable  vessel  beneath  the  lowest  incision,  the  bark  and  a  very  small 
portion  of  the  underlying  wood  only  being  removed.  The  trees  are  first  tapped  when 
thirty  to  forty  years  old, and  the  collection  takes  place  from  February  until  October. 
A  notch  is  first  made  at  the  f<x)t  of  the  tree  about  3  inches  broad  and  i  inch 
high,  and  above  this  a  fresh  noti^h  is  made  about  every  8  days.  When  the  tree 
is  notched  in  this  way  to  the  height  of  about  8  or  9  feet,  the  opposite  side  is 
similarly  treated.  By  the  time  thst  the  whole  of  t^e  bark  has  thus  been  removed, 
the  old  wounds  are  healed  and  the  tree  may  be  again  tapped.  The  turpentine 
which  concretes  upon  the  stem  is  termed  in  France,  Galipot  or  Barras. 

(1267)  French  Turpentine-oil.  Teeebenthene. — Bertbelot^ 
'who  was  the  first  to  study  thoroughly  the  chemical  behaviour  of 
this  hydrocarbon,  applied  the  name  terebenthene  to  the  terpene 
which  is  the  chief  constituent  of  the  French  oil ;  his  experimeDts 
have  recently  been  carefully  revised  and  much  extended  by 
Biban,  and  our  knowledge  of  terebenthene  is  now  far  greater  than 
of  any  of  its  numerous  isomerides. 

To  obtain  pure  terebenthene  the  commercial  oil  is  washed 
with  a  solution  of  an  alkaline  carbonate  to  remove  the  small 
quantity  of  acid  substances  which  it  contains^  and  after  being 
dried,  is  submitted  to  a  long  series  of  fractional  distillations.  The 
oil  commences  to  boil  at  about  150°  [y^%^  F.)  or  even  lower,  and 
the  boiling-point  rises  to  160*^  (320°  F.),  but  the  greater  portion 
passes  over  at  about  156®  (3 1 2®*8  F.);  when  the  various  fractions  are 
examined  with  the  polariscope,  it  is  found  that  the  least  volatile 
portions  exhibit  the  least  rotatory   power,  whilst^h&joiaximum 
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rotatory  powsr  is  possessed  by  the  portion  boiling  at  about  156° 
(3i2°-8  P.)  (Riban,  Ann.  Ch.  Phys,  [5],  vi.  12). 

Terebenthene  is  a  colourless  mobile  liquid  of  peculiar  aro* 
matic  odour.  The  corrected  boiling-point  of  pure  terebenthene 
under  the  pressure  of  760  mm.  of  mercury  is  156^  (3i2°*8  F.). 
It  exerts  a  Isevorotatory  action  on  the  polarized  ray ;  the  specific 
rotatory  power  determined  with  the  aid  of  Cornu's  apparatus 
illumined  with  the  yellow  monochromatic  sodium  flame  at  10^ 
(50°  F.)  being  [a]^  =«  -40°-30.*  Its  density  at  o""  (sa""  F.)  is 
•8767. 

(1268)  Compounds  of  Terebenthene  taith  the  Haloid  Jcids.-^ 
Terebenthene  and,  in  fact,  all  the  terpenes  combine  readily  with 
a  single  molecule^  and  some  with  two  molecules,  of  hydrochloric, 
hydrobromic,  or  hydriodic  acid,  forming  bodies  which,  from  their 
composition,  may  be  regarded  respectively  as  monohaloid  deriva- 
tives of  hydrocarbons  of  the  acetylene  series,  and  dihaloid  deriva^ 
tives  of  hydrocarbons  of  the  ethylene  series. 

Terebenthene  hydrochlorides,  C^qH^^CL— When  a  slow  current 
of  hydrochloric  acid  gas  is  passed  into  cooled  terebenthene,  a 
mixture  of  two  isomeric  compounds  of  the  formula  Cj^HiyCl  is 
produced,  one  of  which  is  solid  and  the  other  liquid ;  the  relative 
proportions,  in  which  they  are  formed  is  dependent  upon  the  tem<* 
perature,  the  yield  of  the  solid  being  the  greater. the  lower  the 
temperature.  To  obtain  the  solid  terebenthene  hydrochloride  in  a 
pure  state,  the  semi*soIid  product  is  submitted  to  powerful  pressure, 
and  the  solid  residue  then  crystallized  at  a  low  temperature  from 
alcohol  or  ether.  The  substance  crystallized  once  from  alcohol 
melts  at  118®  (244^*4  .F.),  but  the  melting  point  may  be  raised  to 
^23° — 1^5®  (253°*4 — 257®  F.)  by  several  recrystallizations  :  even 
this,  however,  owing  to  the  occurrence  of  slight  decomposition,  is 
not  the  true  fusion-point,  which  can  only  be  determined  by  op^* 
rating  in  an  atmosphere  of  hydrochloric  acid  :t  it  is  then  found  to 


*  An  explanation  of  the  method  of  determining  the  **  specific  rotatory 
power  "  of  opticalij  active  substances  wiJl  be  found  under  Sugar. 

f  The  following  is  the  method  of  determining  the  melting  points  of  the  terpene 
hydrochlorides  which  has  been  adopted  bjr  Biban.  The  subiitance,  freed  from  mois^ 
tore  or  alcohol  by  exposure  in  a  desiccator  over  calcic  chloride  (sulphuric  acid  muse 
not  be  employed  because  it  rapidly  absorbs  the  vapour  of  the  hydrochloride),  is 
introduced  into  the  bend  of  a  U-tube  2  to  3  mm.  in  diameter,  with  thin  walls,* 
the  ends  of  which  are  then  drawn  out  into  capillary  tubes ;  the  one  end  is  con* 
nected  with  a  desiccating  apparatus  attached  to  an  apparatus  for  evolving  hydros 
chloric  acid  gas,  and  the  other  is  also  connected  with  a  drying  tube  in  order  to 
prevent  the  ingress  of  moist  air.  The  bend  of  the  U-tube  is  then  immersed  in 
a  water-bath  heated  to  about  50°  (122®  P.),  and  the  hydrochl^r^^yiQ^(^JJTO4c 
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be  T3i''~i32^  (267^-8— 269°  6  F.)  (Riban).  Solid  terebenthene 
hydrochloride  crystallizes  in  white  needles,  and  resembles  common 
camphor  both  in  appearance  and  odour,  so  that  it  has  been  called 
'^  artificial  camphor  ":  it  also  sublimes  easily  at  ordinary  tempe- 
ratures. It  is  insoluble  in  water.  It  is  optically  active,  the 
specific  rotatory  power  being  [a]  =  '-3 2^* 2. 

The  liquid  isomeride  is  obtained  in  a  pure  state  with  extreme 
difficulty,  since  even  after  it  has  been  several  times  cooled  in  a 
refrigerating  mixture,  and  separated  from  the  crystals  which  form, 
it  still  contains  a  notable  quantity  of  the  solid  isomeride  and  also 
a  small  quantity  of  the  compound  formed  by  the  union  of  two 
molecules  of  hydrochloric  acid  with  terebenthene.  The  only 
practicable  method  of  removing  these  appears  to  be  distillation 
under  diminished  pressure.  Liquid  terebenthene  hydrochloride 
has  a  more  powerful  Isevorotatory  action  on  polarized  light  than 
the  solid  isomeride. 

The  solid  hydrochloride  is  not  decomposed  by  water  at  the 
ordinary  temperature,  and  is  only  slowly  acted  upon  even  at  100° 
(212°  F.) ;  but  at  200°  (392®  F.)  it  is  completely  decomposed  into 
hydrochloric  acid  and  terebene,  which  is  an  optically  inactive 
isomeride  of  terebenthene.  Small  quantities  of  polymeric  hydro- 
carbons, and  of  an  oxygenated  compound  {?  C^QH^gO)  are  also 
produced.  The  liquid  hydrochloride  is  rapidly  decomposed 
by  water  at  100®  (212®  F.),  with  separation  of  hydrochloric 
acid. 

Terebenthene  dihydrochhride,  CjgH^gClg.-^This  compound  is 
produced  when  terebenthene  is  left  for  some  tim^  in  contact  with 
a  concentrated  solution  of  hydrochloric  acid.  It  crystallizes  in 
rhombic  plates,  insoluble  in  water,  but  easily  soluble  in  boiling 
alcohol.  ,  It  is  slowly  decomposed,  however,  by  boiling  with  water 
or  alcohol,  and  quickly  by  boiling  with  an  alcoholic  solution  of 
potassic  hydrate,  yielding  terpinol,  {C^Qli^^)fi,  "When  purified  by  . 
successive  recrystallizations  at  a  low  temperature  it  melts  con- 
stantly at  49°*5  (i2i°T  F.)  (Riban).  If  mixed  with  a  little  con- 
centrated solution  of  ferric  chloride  and  very  gently  heated,  a 
rose  coloration  is  produced,  which  soon  passes  to  an  intense  yiolet- 
red,  and  finally  to  blue  (Riban). 


in  a  CDrrent  of  hydrochloric  acid  gas ;  it  is  thus  obtained  condensed  in  the  form 
of  a  ring  in  the  aticending  branch  of  the  tube.  When  the  sublimation  is  com- 
pleted, the  bath  is  removed,  and  when  the  tube  is  cool,  the  current  of  gas 
U  stopped  and  the  capillariett  are  sealed  ;  the  U-tube  is  then  immersed  in  a  bath 
of  paraffin  or  sulphuric  acid,  which  is  gradually  heated,  and  the  melting  point 
determined  in  the  usual  manner.  Pigrti^^^  by  GoOglc 
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Terehenthene  hjfdrobromideg  and  hydriodides,  — A  mixture  of  a  crystalline 
and  a  liqaid  hjdrobromide  is  obtained  by  the  action  of  hydrobromio  acid  on 
tarpentine-oii,  and  a  crystalline  dihydrobromide,  melting  at  42°  (107^*6  F.),  is 
prodaced  by  the  action  of  phottphoric  pentabromide.  The  product  of  the 
action  of  hydriodic  acid  on  turpentine-oil  appears  to  be  a  mixture  of  two 
isomeridea,  neither  of  which  haa  been  obtained  in  a  solid  state.  The  action  of 
phosphorus  iodide  on  terpin,  CjpH^g(OH)^,  furnishes  a  dihydriodide,  crystallizing 
in  colourless  hexagonal  plates  which  melt  at  48°(ii8°'4  F.)  (Oppenheim).  None 
of  these  bodies  have  as  yet  been  prepared  from  pure  terebenthene. 

(1269)  PoLTifESiZATiON  OF  Tebebenthbne.  Diterebene  or  Colophene : 
C^H„. — Many  substances  possess  the  power  of  converting  terebenthene  (and  its 
isomerides)  into  isomeric  or  polymeric  modifications.  Some  act  even  at 
ordinary  temperatures,  others  only  with  the  aid  of  heat:  again,  whilst  many  produce 
the  change  in  a  very  short  time,  others  act  slowly  and  never  cause  complete  trans- 
formation.  In  some  cases  very  small  quantities  of  the  reagent  are  sufficient  to 
produce  complete  conversion;  thus  i  pt-  of  boric  fluoride,  which  is  the  most 
energetic  reagent,  instantly  converts  160  pts.  of  terebenthene,  with  great  rise  of 
temperature,  into  polymeric  optically  inactive  hydrocarbons  boiling  above  300^ 
(572^  F.).  Sulphuric  acid  likewise  acts  in  the  cold,  but  less  energetically. 
Weak  mineral  acids  (like  boric  acid),  and  several  organic  acids  (acetic,  oxalic, 
tartaric,  and  citric  acid)  act  upon  terebenthene  at  loo**  (212°  F.),  but  the  action 
is  very  slow,  aud  not  complete  even  after  50  to  60  houra.  Zincic  chloride  at 
100°  (212°  F.)  acts  somewhat  more  energetically.  Calcic  fluoride  and  chloride, 
and  even  the  chlorides  of  the  alkali  metals,  act  upon  terebenthene  but  very  feebly ; 
the  transformation  takes  place,  however,  more  quickly  in  presence  of  these 
snbfitanoes  than  under  the  influence  of  heat  alone. 

The  action  of  sulphuric  acid  on  terebenthene  has  been  studied  by  Deville, 
and  recently  by  Riban.  The  products  which  are  obtained  are  7  or  8  per  cent« 
of  cymene,  C,^Hj^  which  is  probably  produced  by  the  reaction:  Cj^H^,  +  ^j^^*  =^ 
Cj^Hj^  +  2  OH,  +  SO, ;  terebene,  an  isomeride  of  terebenthene ;  diterebeite  or 
colophene,  C^^H,,;  and  higher  polymerides.  According  to  Biban,  the  hydro- 
carbon C^H,^  is  not  produced. 

The  diterebene  may  be  separated  approximately  by  distillation ;  it  is  then 
heated  for  some  time  with  sodium  in  sealed  tubes  to  200°  (392*^  F.),  to  remove 
oxygenated  substances,  and  afterwards  fractionally  distilled,  when  it  is  obtained  as 
a  colourless  oily  liquid  boiling  at  about  320°  (608°  F.),  of  the  specific  gravity 
0'943  (Riban).  It  is  not  certain,  however,  that  diterebene  even  when  thus 
prepared  is  obtained  in  a  pure  state,  since  Riban  found  that  the  hydrochloride 
prepared  from  it  contained  only  5*06  per  cent,  of  chlorine  instead  of  6*  11  per 
oeuL  as  required  by  the  formula  C,^H,,C1. 

TetraterebentAene :  C^H^^. — When  antimonions  chloride,  SbCl,,  is  added 
to  terebenthene,  much  heat  is  evolved  and  this  hydrocarbon  is  produced.  To 
prepare  it,  the  chloride  is  carefully  added  in  small  quantities  at  a  time  until  the 
addition  of  afresh  quantity  causes  only  a  slight  evolution  of  heat;  the  tempera- 
ture not  being  allowed  at  any  time  to  rise  above  50^  (122°  F.).  The  product, 
which  consists  of  diterebene  and  tetraterebenthene,  is  thrown  into  a  considerable 
quantity  of  cold  absolute  alcohol,  and  then  treated  with  hot  alcohol,  the  residue 
18  diasolved  in  ether,  and  the  solution  filtered  ;  the  ether  is  then  distilled  ofi^,  and 
the  residue  heated  to  240°  (464°  F.)  in  vacuo  for  an  hour.  100  pts.  of  terebeu- 
thene  yield  about  20  pts.  of  tetraterebenthene,  about  20 — 25  pts.  of  antimonious 
ehloride  being  required. 

Tetraterebenthene  ia  a  transparent,  almost  colourless,  amorphous,  brittle 
sabatanee,  resembling  colophony  in  appearance ;  it  is  almost  insoluble  in  alcohol, 
but  soluble  in  ether,  carbonic  bisulphide^  benzene,  petroleum,  and  turnentine-oil. 
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It  IB  dextrorotatory,  [0]^=  +  20°  ;  its  density  at  o®  (32*  F.)  iB  '977.  It 
is  oxidized  with  extreme  facility  on  exposure  to  the  air,  especially  when  finely 
divided ;  thus  Riban  found  that  after  exposure  to  the  air  for  3  months  at  a 
temperature  of  40** — 45°  (104® — 113°  F.),  it  was  converted  into  an  amorphons 
substance  soluble  in  alcohol,  and  approximately  of  the  composition  C^H^p,,  but 
there  was  no  reason  to  believe  that  the  oxidation  wad  complete.  It  forms  with 
hydrochloric  acid  a  monohijfdrochloride,  C^H^^Cl,  and  a  dikydrockloride, 
^io^tfiK*  ^^^  ^^  which  are  amorphous ;  the  former  is  obtained  by  the  action 
of  dry  hydrochloric  acid  on  the  finely  powdered  hydrocarbon,  the  latter  by 
saturating  an  ethereal  solution  of  the  hydrocarbon  with  hydrochloric  acid. 
Tt^traterebenthene  melts  below  100^  (212^  F.),  but  it  does  not  volatilize  below 
350°  (66i'  P  ).  When  submitted  to  distillation  it  furnishes  i.  a  hgvorotatory 
terpene  boiling  at  about  176°  (348^-8  F.),  which  appears  to  be  in  all  respects 
identical  with  isoterebenthene  (1270);  2.  diterebene;  and  3.  vUcid  producta 
boiling  above  the  temperatnre  indicated  by  the  mercurial  thermometer  (Riban 
Ann,  Ch,  Fhys.  [5],  vi  42). 

(1270)  IsoTERBBEN'THENE. — When  terebenthene  is  heated  in 
sealed  tubes  to  300®  (572°  F.)  for  two  hours,  it  is  converted  into 
an  isomeric  hydrocarbon  of  higher  boiling-point,  having  less 
action  on  the  polarized  ray ;  to  obtain  it,  the  crude  product  is 
distilled  in  order  to  separate  polymeric  substances,  and  then  care- 
fully fractioned  from  sodium.  Pure  isoterebenthene  has  a  strong 
odour  of  oil  of  lemons;  it  boils  at  about  175°  (347®  F.)  ;  its 
density  at  o^  (32^  F.)  is  '8586,  and  its  specific  rotatory  power  is 
[a]  J,  =B  —  9°'4.  It  is  more  easily  oxidized  than  any  of  its  isomerides, 
and  when  exposed  to  the  air  in  a  thin  layer,  rapidly  absorbs 
oxygen,  and  in  the  course  of  a  few  hours  is  converted  into  a 
viscid  mass  (lliban,  ibid.  p.  215). 

IsQterebenthene  hydrochloride.^-^When  isoterebenthene  is 
saturated  with  hydrochloric  acid  gas,  it  is  converted  into  a  liquid 
hydrochloride,  C^QH^yCl,  no  trace  of  a  crystalline  isomeride  being 
produced.  The  product,  when  purified  by  distillation  under 
diminished  pressure,  boils  at  about  1 10*^  (^30®  F.),  under  a  pres- 
sure of  %  cm.  of  mercury,  sufiering  but  little  decomposition ;  when 
distilled  under  the  ordinary  pressure,  it  is  partially  decomposed, 
but  the  greater  part  passes  over  at  about  210^  (410*^  ¥,),*  Its 
specific  rotatory  power  is  [a]^  ac— o°-47,  and  its  specific  gravity 
at  0°  (32**  F.)  '9927.  It  is  easily  decomposed  by  water  at  lOO*' 
(212°  F.),  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  the  same  temperature,  it  is  reconverted  into  isotere* 
benthene. 

Isotereientkene  dikgdrochloride. — Isoterebenthene  hydrochlo- 
ride   is    readily  converted   into   a  solid    dihydrochloride,  which 


*  According  to  Berthelot,  solid  terebenthene  hydrochloride  boils  with  decom 
p<Mition  at  about  215°  (419°  F.)-  ^^ 
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crystallizes  in  plates  melting  at  49°"5  (i2i°'i  P.).  To  prepare 
this  compound,  isoterebenthene,  or  its  hydrochloride,  is  dissolved 
in  ether,  and  the  solution,  after  being  saturated  with  hydrochloric 
acid,  is  placed  in  a  shallow  vessel.  In  the  course  of  two  or  three 
hours,  when  the  ether  has  evaporated,  a  solid  mass  of  the  dihydro- 
chloride  remains,  which  is  readily  purified  by  crystallization  from 
boiling  absolute  alcohol.  Under  similar  circumstances  tere- 
benthene  furnishes  a  liquid  product,  which  is  a  combination  of 
the  mono-  and  dihydrochloride  :*  CiQHjyCl  +  CjQHigClj.  Isotere- 
benthene  dihydrochloride  furnishes  terpinol  when  boiled  with 
aqueous  alcohol  to  which  some  hydrochloric  acid  has  been 
added. 

Isoterebenthene  is  converted  into  cymene,  CjqHj^,  by  adding 
carefully  to  one  molecule  a  molecule  of  bromine,  and  distilling 
the  resulting  dibrotnide  with  solid  potassic  hydrate  (Riban, 
Campt.  Rend,,  Ixxix.  223). 

(1271)  Terebene.^ AccoTding  to  Deville,  terebenthene  is  con- 
verted by  the  action  of  concentrated  sulphuric  acid  into  an 
optically  inactive  isomeride,  terebene,  boiling  at  about  160^ 
(320°  F.),  which  combines  with  hydrochloric  acid  to  form  a  liquid 
hydrochloride  of  the  composition  (CjQH|g)jHCl.  Riban  has 
recently  shown,  however,  that  Deville^s  terebene  is  a  mixture  of 
an  optically  inactive  terpene  with  cymene,  C^qHj^,  and  that  the 
liquid  hydrochloride  is  a  solution  of  a  solid  hydrochloride, 
CjqHj^CI,  in  cymene  {Ann.  Ch.  Phys.  [5],  xi.  232). 

To  prepare  pure  terebene,  terebenthene  is  carefully  mixed 
with  Voth  of  its  weight  of  concentrated  sulphuric  acid,  the 
liquid  is  then  left  to  stand  for  twenty-four  hours,  decanted  from 
the  sediment,  and  distilled ;  the  portion  which  passes  over  below 
250^  (482^  F.)  is  washed  with  sodic  hydrate  solution  and  with 
water,  and  after  drying  is  again  similarly  treated.  After  five 
to  eight  treatments,  the  product  is  optically  inactive,  and  may 
then  be  resolved  by  long-continued  fractional  distillation  into 
terebene  (b.p.  156^  or  3I2°*8  F.),  cymene  (b.p.  175®  or  347^  F.), 
a  small  quantity  of  a  camphor-like  substance  boiling  at  about 
aoo°  (392°  F.),  colophene,  C^VL^^  which  boils  at  about  318® 
(604^4  F.),  and  a  mixture  of  almost  solid  substances  boiling  at 
higher   temperatures.     By   fractioning    the    portion  boiling    at 


*  Beribetot  has  shown  that  a  liquid  in  prodaoed  when  the  solid  hydrochloride 
and  dihydroehloride  of  terebenthene  are  miied,  and  Biban  finds  that  solid 
terebenthene  and  isoterebenthene  dihydrochlorides  form  liquid  compounds 
when  added  to  the  solid  hydrochlorides  of  terebenthene,  terebene,  and  of  the 
camphenes. 
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155® — 185®  (311° — 365®  F.)    from  sodium,   pure  terebene  and 
pure  cymene  may  be  obtained  (Riban,  loc.  cit), 

Terebene  is  a  mobile,  colourless  liquid  of  faint  odour,  which 
does  not  solidify  at  —27*^  {  —  %\^'6  F.).  It  boils  at  155° — 156° 
(311^— 3iiZ*'-8  F.).  aiid  its  density  at  0°  (3^^°  F.)  is  0877. 

Terebene  hydrochloride. — When  cooled  terebene  is  submitted 
to  the  action  of  a  slow  current  of  hydrochloric  acid  gas  it  is 
entirely  converted  into  a  crystalline  mass  of  the  hydrochloride, 
Cj^Hj^Cl.  The  crystals  are  easily  reducible  to  a  p6wder,  and  are 
thereby  distinguished  from  those  of  terebenthene  hydrochloride, 
which  are  soft  and  waxy.  The  crystals  purified  by  sublimation 
in  an  atmosphere  of  dry  hydrochloric  acid  gas  still  contain  about  5 
per  cent,  less  chlorine  than  is  required  by  theory  (20*57  per  cent.), 
and  the  loss  increases,  even  when  they  are  kept  in  a  dry  atmo- 
sphere, until  the  percentage  of  chlorine  is  reduced  to  17  or  18. 
Terebene  hydrochloride  melts  at  125°  (257^  F.)  when  the  pre- 
cautions previously  described  in  the  case  of  terebenthene  hydro- 
chloride are  taken.  It  is  optically  inactive.  When  washed  with 
cold  water,  it  is  decomposed  with  separation  of  hydrochloric  acrid 
and  production  of  a  crystalline  isomeride  of  terebenthene, 
P'Camphene ;  by  the  action  of  water  at  100°  (21  a*'  F,),  or  of  an 
alcoholic  solution  of  potassic  hydrate,  it  is  reconverted  into 
liquid  terebene  (Riban).  Terebene  hydrochloride  does  not  fur- 
nish a  dihydrochloride  when  its  ethereal  or  alcoholic  solution 
is  saturated  with  hydrochloric  acid. 

Polymerization  of  Terebene. — ^Terebene  is  not  altered  by 
heating  to  300^  (57^°  F.)  in  sealed  tubes  (Riban),  but  when  it  is 
mixed  with  concentrated  sulphuric  acid  much  heat  is  evolved,  and 
it  is  converted  into  diiertbene  or  colophene,  C^^^^^  a  small  quan- 
tity of  cymene  being  produced  at  the  same  time. 

(1272)  Camfhenes. — This  name  was  applied  by  Berthelot  to 
a  number  of  solid  terpenes  which  he  obtained  by  the  action  of 
various  reagents  on  the  terpene  hydrochlorides. 

Active  Terecamphene. — Berthelot  first  prepared  this  substance 
by  heating  solid  terebenthene  hydrochloride  with  dry  soap  or  an 
alkaline  stearate.  According  to  Riban  {ibid,  p  353),  however, 
it  is  best  prepared  by  heating  the  hydrochloride  with  its  own 
weight  of  potassic  hydrate,  and  3  to  4  times  its  weight  of  96  per 
cent,  alcohol,  in  sealed  tubes  for  75  hours.  The  product  is 
rectified,  pressed  to  remove  adhering  oil,  and  then  submitted  to 
fractional  distillation.  It  is  a  white  solid  like  camphor,  which 
melts  at  45''— 47°  (i  13°— ii6''*6  F.),  and  boils  at  156^  (3i2''-8  F.). 
Its  specific  rotatory  power  varies  with  the  dilution  when  it  is 
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dissolved  in  alcohol^  and  is  [a]o=—53°*8:i— -03081(6),  c  being 
the  weight  of  the  solvent  in  100  parts  of  solution.  It  has  a 
higher  density  in  the  liquid  state  than  either  of  its  liquid  isomerides, 
heang  8378  at  60°  (140°  F.),  whilst  that  of  terebenthene  is  8270 
(Biban). 

It  combines  with  hydrochloric  acid  to  form  a  crystalline 
hydrochloride,  which,  when  sublimed  in  an  atmosphere  of  hydro- 
chloric acid,  melts  at  145°  (293°  F.).  Its  specific  rotatory  power 
is  of  an  opposite  sign  to  that  of  the  parent  hydrocarbon,  being 
[«]»=+ 30°-25.  It  is  decomposed  by  water  at  ordinary  tem- 
peratures, although  less  rapidly  than  terebene  hydrochloride  ;  and 
when  heated  with  50  times  its  weight  of  water  for  90  hours  at 
100  (212°  F.),  it  is  entirely  resolved  into  hydrochloric  acid  and 
solid  camphene ;  the  rotatory  power  of  the  resulting  camphene  is 
reduced  to  —  8°'5,  however,  owing  to  the  modifying  action  of  the 
hydrochloric  acid. 

a-Inactive  Terecamphene. — ^This  modification  is  obtained  by 
heating  solid  terebenthene  hydrochloride  with  twice  its  weight  of 
pulverized  fused  potassic  acetate  for  30  hours  to  170°  (338°  F.) 
in  a  long-necked  flask.  The  product  is  a  mixture  of  terebene 
with  the  camphene,  firom  which  the  latter  crystallizes  after  washing 
with  alkali  and  water.  Except  in  optical  behaviour,  it  does  not 
in  the  least  dififer  from  the  active  terecamphene  above  described 
(Riban,  iUd.  p.  370). 

^'Inactive  Terecamphene. — ^The  formation  of  this  body  by 
the  action  of  cold  water  on  terebene  hydrochloride  has  already 
been  mentioned ;  it  is  most  readily  obtained,  however,  by  heating 
the  hydrochloride  with  5  times  its  weight  of  sodic  stearate  to 
180°  (^6^  F.)  for  30  hours ;  terebene  is  simultaneously  produced 
in  large  quantity,  but  it  may  be  separated  from  this  by  the  aid  of 
a  refrigerating  mixture.  It  possesses  properties  similar  to  those 
of  the  a-modification,  but  is  apparently  less  stable,  as  it  is  more 
readily  converted  at  the  moment  of  separation  into  terebene 
(Biban).  The  hydrochlorides  of  the  a-  and  /3-  modifications  are 
decomposed  by  water  even  more  readily  than  terebene  hydro- 
chloride, the  camphenes  being  regenerated. 

Bomeocamphene, — According  to  Riban,  artificial  bomeol, 
C,^Hjy.OH([o]j,= +2°"6),  prepared  from  camphor  by  Baubigny's 
process  {ibid.  [4],  xix.  221),  is  converted  by  the  action  of 
a  saturated  solution  of  hydrochloric  acid  into  an  inactive  hydro- 
chloride^ Cj^H^^Cl,  which,  like  all  the  camphene  hydrochlorides, 
melts  at  145®  (293**  F.).  This  yields  part  of  its  hydrochloric 
acid  to  cold  water,  and  is  rapidly  decomposed  at  looP  (21^^  F«)jf 
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although  less  rapidly  than  the  hydrochlorides  of  terebene  and  the 
active  and  inactive  terecamphenes  ;*  borneocamphene,  which  may 
be  thus  produced^  is  more  conveniently  prepared,  however,  by 
heating  the  hydrochloride  with  an  excess  of  an  alcoholic  solution 
of  potassic  hydrate  to  i8o^  (35^°  F.)  for  70  hours.  It  has 
similar  properties  to  the  inactive  camphenes  (ibid.  p.  343). 

(1273)  Terpene  from  Isoprene. — By  heating  iaoprene,  CgHg, 
to  280° — 290^  (536° — 554"  F.)  for  ten  hours  in  sealed  tubes  from 
which  the  air  is  displaced  by  carbonic  anhydride,  Bouchardat 
has  obtained  an  optically  inactive  terpene,  which  boils  at  176° — 
181°  (348°-8— 357°  8  R)  (Compt.  Rend,,lxxx.  1446).  Its  density 
at  0°  (32°  F.)  is  'S66.  It  has  a  strong  lemon- like  odour  resem- 
bling that  of  isoterebenthene,  and  like  it  is  rapidly  oxidized  on 
exposure  to  the  air.  By  the  action  of  hydrochloric  acid  on  the 
ethereal  solution  of  the  hydrocarbon,  a  liquid  product  is  obtained, 
which  is  resolved  by  distillation  under  diminished  pressure  into  a 
liquid  hydrochloride  and  a  crystalline  dihydrochloride ;  the  former 
boils  at  about  145®  (^93°  F-)  under  a  pressure  of  10  cm.  of  mer- 
cury, and  the  latter  melts  at  49^*5-  The  resemblance  which  the 
hydrocarbon  from  isoprene  exhibits  to  isoterebentheue  renders  it 
very  probable  that  the  two  are  identical. 

(1274)  English  Turpentine^oil.  Aubtraterebenthenb. — 
Austraterebenthene,  according  to  Berthelot,  is  the  chief  constituent 
of  English  turpentine-oil.  It  has  the  same  specific  gravity  and 
boiling-point  as  terebenthene,  but  its  specific  rotatory  power  is  of 
opposite  sign,  being  [a]  =  +2i°-5.  Austraterebenthene  yields  with 
hydrochloric  acid  a  mixture  of  a  solid  and  a  liquid  hydrochloride ; 
the  specific  rotatory  power  of  the  former  is  [a]  =  +  i  i^'j,  but  in 
all  other  respects  it  appears  to  be  identical  with  solid  terebenthene 


*  Bibanhsspublinhed  an  interesting  series  of  observations  on  the  deoompoeition 
of  the  hydrochlorides  of  terebenthene,  terebene,  the  terecamphenes,  ana  bomeo- 
camphene,  when  heated  with  the  same  weight  of  water  (25  pts.)  to  100°  (2 1 2°  F.) 
In  sealed  tubes  for  the  same  length  of  time  (Compt.  Rend,^  Ixxz.  1330).  In  the 
case  of  terebenthene  hydrochloride,  which  is  decomposed  only  to  a  very  slight 
extent,  the  amount  of  hydrochloric  acid  set  free  represented  as  a  function  of  the 
time  is  expressed  by  a  straight  line ;  but  in  the  case  of  the  hydrochlorides  of  the 
terecamphenes  and  of  terebene,  which  may  be  almost  totally  decomposed  by 
15  hours'  heating,  the  decomposition  is  represented  by  logarithmic  curves — that 
is  to  say,  the  decomposition  is  at  first  extremely  rapid,  bat  after  a  time  takes 
place  slowly.  The  curve  for  bomeocamphene  hydrochloride  is  of  precisely  Uie 
same  character,  but  this  compound  does  not  undergo  decomposition  quite  so 
completely.  A  similar  investigation  of  the  hydrochlorides  of  the  austratere- 
benthene series,  and  of  the  hydrochlorides  of  terpenes  from  other  sources  is  much 
to  be  desired.  ^  . 
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hydrochloride.  The  dihydrochloride  of  austraterebenthene  has 
the  same  properties  as  that  derived  from  terebenthene. 

When  heated  to  250°  (482°  F.),  austraterebenthene  is  con- 
verted into  an  isomeric  hydrocarbon,  boiling  at  177°  {350^6  F.)i 
which  is  perhaps  identical  with  isoterebenthene.  Like  the  latter, 
it  has  an  odour  resembling  lemon-oil,  and  is  more  easily  oxidized 
than  the  parent  hydrocarbon;  its  specific  rotatory  power  is 
[a]  =  —  10  (Berthelot),  that  of  isoterebenthene  being  [a]  = 
— 10*87  (Riban).  By  continued  heating,  a  polymeric  hydrocarbon 
corresponding  to,  if  not  identical  with,  diterebene  is  produced. 

When  submitted  to  the  action  of  sulphuric  acid,  austratere- 
benthene fiimishes  an  optically  inactive  hydrocarbon  which 
appeaTR  to  be  identical  with  the  terebene  from  terebenthene. 

Austracamphenes  are  obtained  from  austraterebenthene  hydro- 
chloride in  the  same  way  as  terecamphenes  are  formed  from 
terebenthene  hydrochloride,  and  resemble  the  terecamphenes  in 
all  their  properties  excepting  their  specific  rotatory  power,  which 
in  the  case  of  austracamphene  is  [a]  =  +  22^,  that  of  the  solid 
hydrochloride  of  austracamphene  being  —5*'  (Berthelot). 

Austraterebenthene  and  its  derivatives,  however,  have  not  been 
studied  in  the  same  careful  way  as  terel)enthene  and  its  deriva- 
tives, and  doubtless  many  of  the  statements  with  regard  to  them 
require  more  or  less  correction. 

(•275)  Substitution  Derivati\T8S  op  the  Terpenes. — 
Scarcely  anything  is  known  of  the  substitution  derivatives  of  the 
terpenes.  By  the  action  of  the  halogens  additive  compounds  are 
apparently  always  produced,  which  are  extremely  unstable  sub- 
stances, however.  The  action  is  often  extremely  violent :  thus 
when  paper  soaked  in  turpentine-oil  is  introduced  into  a  vessel 
filled  with  chlorine,  the  turpentine  takes  fire ;  bromine  acts  simi- 
larly ;  and  when  a  considerable  quantity  of  iodine  is  suddenly 
brought  in  contact  with  turpentine-oil,  explosion  frequently 
ensues.  The  behaviour  of  the  isomeric  terpenes  differs  consider-  ' 
ably.  When  a  molecule  of  bromine  is  slowly  added  to  the  well 
cooled  terpene,  combination  takes  place  without  evolution  of 
hydrobromic  acid,  although,  on  heating  the  product,  hydrobromic 
acid  is  given  off  freely  ;  in  the  case  of  the  terpene  from  orange- 
peel  oil,  the  resulting  dibromide  after  two  or  three  distillations 
is  resolved  almost  entirely  into  cymene,  C^qH^^  and  hydrobromic 
acid,  whereas  the  dibromide  of  austraterebenthene  yields  very 
little  cymene,  but  is  mainly  converted  into  a  brominated  terpene. 
Cymene   may    also  be  obtained  from  the  terpenes  bv   addine 
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gradually  about  half  their  weight  of  iodine,  then  cohobating  some 
time,  and  afterwards  distilling  (Kekul^ ;  Oppenheim). 

The  action  of  chlorine  on  the  solid  hydrochloride  from  tur- 
pentine-oil is  said  to  give  rise  to  the  formation  of  the  compound 
CjQHjgClg,  which  is  easily  resolved  into  hydrochloric  acid  and 
tetrachloroterpene,  Cj^H^gCl^ ;  the  latter  is  crystalline  and  melts  at 
iio'^—iis'' {^^30^-239'' ¥.). 

The  only  well-characterized  substitution-derivatives  are  the 
nitrosoterpenes  recently  obtained  by  Tilden.  When  nitrosyl 
dhloride  gas,  NOCl,  is  passed  into  English  turpentine-oil  cooled 
to  —10°  (14°  F.)  the  gas  is  freely  absorbed  and  a  considerable 
quantity  of  a  white  precipitate  is  thrown  down,  the  greater  part 
of  which  disappears,  however,  if  the  temperature  is  allowed  to 
rise.  To  secure  it,  therefore,  it  is  necessary  to  filter  it  off  as 
quickly  as  possible,  and  to  stir  it  up  with  strong  spirit  of  wine  so 
as  to  remove  the  mother  liquor  without  delay.  The  substance 
thus  obtained  forms  a  snow-white  crystalline  powder ;  it  has  the 
composition  Cj^Hi^  NOCl.  When  this  body  is  submitted  to  the 
action  of  an  alcoholic  solution  of  sodic  hydrate  it  is  converted 
into  an  optically  inactive  nitrosoterpene,  CjoHigNO,  which  crystal- 
lizes from  alcohol  in  transparent  rhombic  prisms,  and  melts  at  129^ 
— 130°  (264^-2 — 266°  F.)  (Tilden,  Joum.  Chem.  Soc.  [2],  xiii.  514). 
Isomeric  bodies  have  been  obtained  from  the  terpenes  of  oratige- 
peel  oil  and  lemon  oil,  but  terebene  does  not  furnish  a  nitroso- 
oompound ;  the  nitrosoterpene  from  orange  oil  crystallizes  in 
rhombic  plates  and  melts  at  71°  (159^' 8  F.},  whilst  that  from 
lemon  oil  forms  long  prisms  {private  communication). 

(1276)  Compounds  op  the  Terpenes  with  Water. — Terpin, 
CjQHjg(0H)5,. — ^When  turpentine-oil  mixed  with  water  is  allowed 
to  stand,  crystals  are  frequently  deposited,  the  production  of  which 
is  favoured  by  the  presence  of  an  acid.  These  crystals  are  a 
hydrate  of  terpin,  CjQHjg(OH)2-|-OH3;  to  prepare  them  in  quan- 
tity, 8  vols,  turpentine-oil  are  mixed  with  2  vols,  nitric  acid  and 
I  to  6  vols,  alcohol,  and  the  mixture  is  frequently  shaken  during 
the  first  few  days,  then  left  to  itself  in  shallow  vessels  for  several 
weeks.  The  crystals  which  form  are  pressed,  and  purified  by 
crystallization  from  boiliiig  water,  with  addition  of  animal  char- 
coal. Terpin  hydrate,  CjQHig(OH)g-|-OHj,  as  thus  prepared, 
crystallizes  in  large  rhombic  prisms;  when  heated  to  joo° 
(212°  F.),  it  melts  and  is  converted  into  terpin,  C,oHig(OH)y  The 
same  change  takes  place  when  the  crystals  are  exposed  over 
sulphuric  acid.  Terpin  melts  at  103°  (217**'4  F.),  and  crystallizes 
on  cooling ;  it  sublimes  at  about  150°  (302°  F.)  in  slender  needles. 
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Terpentine  hydrate,  C^oH^^iOB). — ^This  compound  is  sometimes 
obtained  in  the  preparation  of  terpin  hydrate  from  turpentine-oil 
either  together  with  it,  or  forming  the  only  product.  It  is  a 
liquid  boiling  at  200° — 220®  (392° — ^428°  P.). 

Similar  hydrates  have  been  obtained  from  terpenes  from  other 
sources  than  the  turpentine-oils ;  it  does  not  appear,  however,  that 
all  terpenes  are  capable  of  yielding  them. 

(1277)  Behaviour  op  the  Terpenes  on  Oxidation. — Refe- 
rence has  already  been  made  to  the  fact  that  turpentine-oil,  and, 
indeed,  the  terpenes  generally,  absorb  oxygen  on  exposure  to  the 
air,  becoming  thicker  and  ultimately  resinous;  in  this  gradual 
oxidation  small  quantities  of  acetic,  formic,  and  carbonic  acids 
are  produced.  It  is  also  generally  supposed  that  part  of  the 
atmospheric  oxygen  is  converted  into  ozone,  and  that  turpentine- 
oil  after  prolonged  exposure  to  the  air  always  contains  ozone  in 
solution.  In  a  recent  paper,  however  {Joum.  Chem.  Soc,  [2], 
xii.  511  ;  xiii.  210),  Kingzett  altogether  disputes  the  formation 
of  ozone  under  these  circumstances.  According  to  his  experiments, 
neither  ozone  nor  hydric  peroxide  is  produced, but  a  small  amount  of 
a  substance  is  formed  which  he  regards  as  a  camphoric  peroxide, 
Cj^Hj^O^ ;  and  he  believer  that  when  the  oxidized  oil  is  shaken  with 
water,  this  peroxide  is  converted  into  hydric  peroxide  and  an  acid 
having  the  composition  of  camphoric  acid.  If  the  oxidation  occur 
in  presence  of  water,  which,  however,  is  by  no  means  essential  to  the 
change,  this  acid  and  hydric  peroxide  are  found  in  the  aqueous  solu- 
tion at  the  close  of  the  experiment.  Kingzett  finds  that  hydric 
peroxide  is  also  developed  in  the  oxidation  of  the  terpenes  from 
orange-peel,  nutmeg,  and  wormwood  oils  under  similar  circum- 
stances {Chem,  News,  vol.  xxxii.  p.  138). 

According  to  Sobrero  {Ann,  Chem.  Pharm.,  1851,  Ixxx.  106), 
when  turpentine-oil  containing  water  is  exposed  for  some  time  to 
the  sun^s  rays  in  a  large  flask  filled  with  oxygen,  stellate  groups 
of  crystals  are  deposited  on  the  sides  of  the  vessel,  which  have  the 
composition  C^^li^fi^^C^^Yi^f^  +  O  +  OHg. 

Berthelot  has  shown  that  by  the  atmospheric  oxidation  of  the 
camphenes  from  tercbenthene  and  austraterebenthene  in  contact 
with  platinum- black,  or  by  the  action  of  chromic  acid  or  potassic 
permanganate,  substances  of  the  same  composition  as  ordinary 
camphor,  C,(,HjgO,  are  formed,  but  the  quantity  obtained  was  too 
small  to  enable  him  to  decide  whether  the  products  were  identical 
or  isomeric  with  camphor.  Riban,  however,  has  recently  suc- 
ceeded in  obtaining  considerable  quantities  of  a  camphor  by 
oxidizing  the    lavorotatory  camphene  from  terebenthene/{i2^Lf 
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with  potassic  dichromate  and  sulphuric  acid  mixture  (Ann.  Ch. 
Phys,  [5],  vi.  386).  The  product  resembles  ordinary  camphor  in 
appearance,  and  melts  at  17  a*'  (34i°*6  F.),  but  it  exerts  a  laevoro- 
tatory  action  on  polarized  light ;  [»]»=  — 13^7. 

According  to  Hempel  {Deut.  chem.  Ges,  Ber.,  viii.  357),  when 
turpentine-oil  is  oxidized  with  potassic  dichromate  and  sulphuric 
acid  it  is  converted  into  monobasic  terpenylic  acid,  C^H^gO^. 

Concentrated  nitric  acid  acts  very  violently  on  turpentine-oil, 
often  setting  it  on  fire.  When  the  oil  is  heated  with  moderately 
strong  nitric  acid,  resinous  substances  of  unknown  composition 
are  produced,  which  on  continued  heating  gradually  dissolve,  and 
finally  terebic  add,  C^H^qO^,  is  obtained,  together  with  terephthalic 
acid,  CeH^(COOH)j,  and  paratoluic  acid,  CgH4(CH3)  (COOH) 
(Williams,  loc.  cit,  vi.  1094;  Hempel,  viii.  20).  Berthelot  stsAxSs 
that  when  turpentine-oil  is  oxidized  with  potassic  permanganate,  a 
resinous  acid,  easily  soluble  in  water,  is  produced. 

The  behaviour  of  other  terpenes  on  oxidation  has  been  but  little 
studied.  From  Wright's  observations  it  appears  that  the  hydro- 
carbons from  nutmeg  and  orange- peel  oils,  when  oxidized  with 
potassic  dichromate  and  sulphuric  acid,  furnish  small  quantities 
of  compounds  of  the  formula  C^qHj^O,  together  with  acetic,  formic, 
and  carbonic  acids,  whilst  hesperidene  from  orange*peel,  when 
treated  with  nitric  acid,  gives  a  resinous  substance,  together  with 
an  acid  of  the  formula  Cj^H^gOj^  [hesperisic  acid),  but  no  toluic 
or  terephthalic  acid.  Myristicene  from  nutmeg-oil  also  furnishes 
a  resin  and  an  acid  of  the  formula  Cj^Hg^O^^  (myristisic  acid) 
{Journ.  Chem,  Soc,  [2],  xi.  549). 

(1278)  Terpenes  from  other  Sources. — It  has  already  been 
pointed  out  that  a  large  number  of  the  oils  derived  from  various 
plants  contain  terpenes,  so  that  it  will  be  convenient  to  give  a 
short  description  here  of  the  better  known  of  these. 

The  production  of  the  "  essential-oils''  containing  terpenes  is 
not  limited  to  any  particular  portion  of  the  vegetable  organism. 
In  some  natural  families,  the  Umbellifera  for  instance,  the  oil  is 
most  abundantly  contained  in  the  seeds.  The  Awrantiacem  yield 
two  different  kinds  of  oil,  one  of  which  is  obtained  from  the 
flower,  the  other  from  the  rind  of  the  fruit.  In  the  Myrtacea 
and  LabiattB  it  exists  in  the  leaves,  whilst  the  Rosacea  contain 
it  only  in  the  petals,  of  the  flower. 

The  oils  exist  ready  formed  in  the  plant,  enclosed  firequently 
in  special  oil-cells,  which  are  often  visible  to  the  naked  eye,  as  in 
the  leaves  of  the  Myriacea  and  the  peel  of  the  AurarUiacea. 

The  oils  of  lemon  and  orange  are  extracted  by  siqaple  pressure 
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from  the  rind  of  the  fruit ;  hut  the  general  process  of  extraction 
consists  in  placing  appropriate  portions  of  the  plant  in  a  still  with 
water^  and  applying  heat.  In  order  to  prevent  the  materials  from 
being  over-heated  by  resting  against  the  sides  of  the  still,  which 
would  give  to  the  distillate  a  disagreeable  odour  and  often  spoil 
the  product  for  perfumers'  purposes,  it  is  customary  to  suspend 
them  in  a  net  or  on  a  perforated  metallic  vessel  in  the  upper  part  of 
the  still.  A  better  method  of  obtaining  the  oil  is  to  allow  steam 
to  pass  over  the  plants  and  to  condense  the  vapour  afterwards  in 
the  usual  way.  The  presence  of  steam  favours  the  volatilization 
of  the  oils  at  a  comparatively  low  temperature,  for  it  mechanically 
carries  over  the  vapour ;  the  distillate  is  at  first  milky,  but  the 
greater  portion  of  the  oil  separates  on  standing.  The  water  which 
is  condensed  in  the  receiver  along  with  the  oil  acquires  its  odour 
and  taste ;  such  waters  constitute  the  fragrant  dutilled  waters  of 
the  apothecary. 

Tbbfbnes  fbok  the  Conxf£B£. — In  addition  to  French  and  Eiigh*«h  tur- 
pentine, several  other  varieties  are  known,  derived  from  coniferous  plants.  They 
are  as  follows : — 

Venetian  or  Larch  Turpentine. — This  is  obtained  from  Pinus  Larix  L. 
(Larix  Europaa),  and  is  chiefly  collected  in  the  Tyrol.  It  is  a  thick  honey- 
like fluid,  and  contains  about  1 5  per  cent,  of  a  terpene  which  boils  at  about 
157°  (3i4®"6  F.) ;  this  terpene  exbibifcn  a  feeble  Isevorotatory  action,  and  readily 
furnishes  a  crystalline  hydrochloride  (Hanbury  and  Flucki^er). 

Sircuhurg  Turpentine, — The  Pinus  Picea  L.  {Abies  pecfinata)  or  Silver 
Fir,  which  grows  in  the  mountainous  parts  of  Middle  and  Southern  Europe, 
appears  to  furnish  two  terpenen.  The  turpentine  extracted  from  the  stem  yields 
a  terpene  which  boils  at  163°  (325^4  F ),  and  exhibits  feeble  Isevorotatory 
action ;  but  the  terpene  distilled  from  the  cones  of  the  same  tree  exhibits  a  very 
powerful  Isevorotatory  action  (Hanbury  and  Fliickij^r). 

Canada  Balsam, — This  turpentine  is  extracted  from  the  Pinus  Balsamea, 
or  Balsam,  or  Balm  of  Gilead  Fir,  which  grows  in  profuvion  in  the  northern  and 
western  portion  of  the  United  States  of  America,  in  Nova  Scotia,  and  in  Canada. 
The  greater  part  of  the  terpene  which  it  furnishes  on  distillation  with  water  boils 
at  about  167°  (322^*6  F.;,  and  exhibits  feeble  levorotatory  action  (Hanbury  and 
Fliickiger). 

The  resins,  which  are  the  main  constituents  of  all  the  varieties  of  turpentine, 
have  been  very  inefficiently  studied,  excepting  that  derived  from  American 
turpentine.  Ordinary  resin,  or  colophony,  from  American  turpentine,  and  the 
resins  of  Pinus  Abies  and  Pinus  Larix  consist  (according  to  Maly)  of  the  so-called 
Abietic  anhydride,  C^H^O^.  This  substance,  or  closely  related  bodies,  appears 
also  to  be  contained  in  the  resins  of  other  conifers.  Hanbury  and  Fliickiger 
consider  that  the  resin  of  Canada  balsam  is  a  mixture  of  two  bodies,  since  they 
found  that  only  about  78  per  cent,  of  a  specimen  which  they  examined  was 
soluble  in  boiling  alcohol,  whilst  ordinary  colophonium  dissolves  entirely;  the  re- 
mainder was  an  amorphous  mass  readily  soluble  in  ether.  When  colophony  is 
boiled  with  alkaline  solutions,  greasy  salts  of  abietic  acid  are  formed,  the  so-called 
resin  soaps. 

Oil  of  Juniper,     Oil  of  Savine, — Juniper  (Janiperus  communis)  berries 
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furnish,  on  distillation  with  water,  a  small  amount  of  an  oil,  which  is  a  mixture 
of  a  terpene  hoiling  at  155®  (311°  F.)  with  a  second  h^^drocarbon  of  the  formula 
CjjH^.  Both  are  Isevorotatory.  The  allied  conifer,  Juniperus  Sabina,  yields  a 
dextrorotatory  terpene  (Hanbury  and  Fliickiger). 

Terpen  E8  fbom  Ausantiace£. — Oil  of  orange-peel,  wh\cAi  is  extracted  from 
the  rind  of  the  scarcely  ripe  fruit  of  the  Sweet  or  Portugal  Orange,  consists  to 
the  extent  of  fully  95  per  cent,  of  a  terpene,  called  by  Gladstone  hotperidene^ 
and  of  an  oxygenated  oil  of  the  composition  C,^Hj^O.  The  corrected  boiling- 
point  of  pure  hesperidene  is  178**  (352®'4  F.);  the  oxygenated  oil  is  contained 
in  the  portion  boiling  at  210*^—230°  (410'*— 446'  F.),  but  it  is  gradually 
polymerized  by  heating,  and  converted  into  a  resin  which  cannot  be  distilled 
(Wright,  Joum.  Chem.  80c,  [2],  xi.  549).  Hesperidene  exhibits  a  powerful 
dextrorotatory  action,  and  when  saturated  with  hydrochloric  acid,  is  converted 
into  a  crystalline  dihydrochloride. 

Oil  of  Lemom. — This  oil,  which  is  also  obtained  from  the  rind  of  the  unripe 
fruit,  appears  to  consist  chiefly  of  a  mixture  of  two  dextrorotatory  terpenes, 
together  with  a  small  proportion  of  an  oxygenated  oil  not  yet  examined.  The 
crude  terpene  boils  at  170° — 180*  (338° — 356*  F.),  and  bus  a  powerful  dextro- 
rotatory action  ;  it  readily  furnishes  a  crystalline  dihydrochloride,  and  a  crystalline 
hydrate  similar  to  that  of  terebenthene. 

Oil  qf  BergamoL — This  oil  is  obtained  from  the  full  grown,  but  still 
unripe  and  more  or  less  green  fruits  of  the  Citrus  Berpamia,  which  is 
cultivated  at  Beggio,  in  Calabria.  It  is  dextrorotatory  and  boils  at  from 
183" — 195°  (36i°-4 — 383*  F.).  It  appears  to  be  a  mixture  of  one  or  more 
terpenes  with  a  solid  substance,  the  composition  of  which  has  not  been  satis- 
factorily ascertained.  The  oil  readily  iurnishes  a  crystalline  hydrate  on 
treatment  with  nitric  acid  and  water. 

Oil  qf  Neroli  is  the  oil  prepared  by  distilling  the  fresh  flowers  of  the 
-Bigarade  or  Bitter  Orange  with  water,  and  is  manufactured  chiefly  in  the  South 
of  France.  Like  oil  of  bergamot,  it  exhibits  a  slight  dextroroUtory  action ; 
and  consists  apparently  of  a  terpene  or  terpenes  and  a  solid  oxygenated 
substance.      On   distillation,    the   greater    part    passes    over   at    185^ — 195^ 

(36s -383°  F)- 

Oil  of  Petit  Grain  is  produced  by  the  distillation  of  the  leaves  and  shoots 
either  of  the  Bigarade  or  Bitter  Orange,  or  of  the  Portugal  or  Sweet  Orange ; 
it  consists  of  a  dextrorotatory  terpene  boiling  at  about  173**  (343***4  F.),  and 
an  oxygenated  oil. 

Tebfenes  fbom  Mtbisticba. — Oil  of  Nutmeg  has  been  recently  examined 
by  Wright  {loc.  cit.),  who  finds  that  it  consists  chiefly  of  a  terpene  boiling  at 
about  164*  (327°'2  F.) ;  together  with  an  isomeric  terpene  boiling  at  about 
176°  (348**-8  F.);  cymene,  C,^,H,^ ;  and  an  oxygenated  oil,  myristicol^ 
Cj^HjeO,  which  boils  at  212**— 218''  (413"*  ^ — 424'''4  F.)»  but  is  converted  by 
repeated  distillation  into  resinous  non-volatile  polymerides.  Neither  of  the 
terpenes  were  obtained  free  from  cymene,  however;  and  it  is  therefore  improbable 
that  the  boiling-points  above  given  are  those  of  the  pure  terpenes ;  at  least  in 
the  case  of  that  contained  in  the  164*^  fraction,  the  true  boiling-point  is  probably 
lower.     The  nutmeg  terpenes  are  dextrorotatory. 

OH  of  Mane. — The  nutmeg  is  enclosed  when  fresh  in  a  fleshy  net-like 
envelope,  somewhat  resembling  the  husk  of  a  filbert,  which  when  separated  and 
dried  constitutes  the  mace  of  commerce.  Mace  oil  is  said  to  consist  chiefly  of  a 
terpene  boiling  at  about  160''  (320°  F.),  together  with  an  oxygenated  oil. 

Tebpbnes  fbom  Laubacea. — Camphor-oil.  Borneene. — Camphor-oil  is  the 
oil  which  drains  out  of  the  crude  camphor  extracted  from  the  Lau/rus  Campkora, 
Wright  found  a  specimen  he  examined  to  consbt  chiefly  of  camphor  dissolved  in 
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a  terpene  boiling  at  aboat  170°  (33^^  F.);  it  appears  also  to  contain  oxygenated 
oils  of  the  composition  Cj^Hj^O  and  Cj,H„0. 

Bornean  or  Sumatran  Camphor  oil,  which  is  obtained  by  tapping  the 
Dryobalonopg  Camphora,  also  chiefly  consists  of  a  terpene  {homeene),  boiling  at 
about  165^  (329^  F.),  holding  in  solatioo  bomeol  and  resin. 

By  distilling  Bomeol  or  Borneo  Camphor,  C^^H^^O,  with  phosphoric 
anhydride,  a  terpene  also  known  as  borneene  is  obtained,  which  boils  at 
i73-i78°(343°-4-35^NT.), 

Oih  «f  Cirynamon  and  Cassia. — The  former  of  these  oils  is  obtained  from 
the  bark  of  Ceylon  cinnamon  {Oinnamomum  Zeylanicum),  the  latter  from 
Chinese  cinnamon.  Both  consist  essentially  of  cinnamio  aldehyde,  C^H^O, 
together  with  a  variable  proportion  of  hydrocarbons,  probably  terpenes.  The  oil 
obtained  in  Ceylon  by  distilling  cinnamon  leaves  consists  according  to  Stenhouse 
of  a  terpene,  boiling  at  160** — 165°  (320" — 329^  F.),  and  euyenol,  Cj^Hj^O,, 

Sassafirai  oil. — This  oil  is  distilled  fiom  the  wood  of  the  roots  and  the  root- 
bark  of  Sassafras  officinale,  a  tree  growing  in  North  America.  It  contains 
about  ^  ths  of  its  weight  of  safrol,  C^pHj^O,,  and  also  a  dextrorotatory  terpene 
boiling  at  aboat  156®  (3I2''*8  F.).  A  very  small  quantity  of  a  substance 
soluble  in  alkali  (?  a  phenol)  is  likewise  present  (Rouette  and  Grimaux,  Compt. 
Rend.,  Ixvii.  928).  Safrol  is  a  colourless  oil  boiling  at  230**— 233**  (446'' — 
45i°-4  F.),  which  it  is  said  does  not  solidify  at  —  20''  (  —  4**  F.) ;  it  is  converted 
by  bromine  into  a  crystalline  pentabromo-derivative,  Cj^H^Br^O^.  The  attempts 
to  ascertain  the  constitution  of  safrol  have  been  hitherto  unsuccessful,  as  it  is 
resinized  by  the  action  of  all  ordinary  reagents,  and  even  melting  potassic  hy- 
drate attacks  it  with  difficulty;  it  appears  probable^  however,  that  it  is  re- 
lated to  eogenol,  since  it  differs  very  little  from  it  in  composition,  and  both 
occur  in  plants  of  the  same  order.  Oil  of  sassafras  is  also  said  to  deposit 
crystals  of  sassafras  camphor,  Cj^,Hj^O,,  when  cooled  in  a  refrigerating  mixture. 

Oil  cf  Bay. — According  to  Gladstone,  the  oil  from  the  berrie«  of  Laurus 
nchilis  is  a  mixture  of  a  ]»vorotatory  terpene,  boiling  at  171°  (339°'8  F.),  and 
eogenol. 

Tebfenss  fboh  Umbrllifebje. — Oil  of  Caraway,  distilled  from  the 
seeds  of  Coram  Carwi,  consist^,  to  the  extent  of  about  one-thisd,  of  a  dextro- 
rotatory terpene  (carvene),  boiling  at  1 73°  (343°'4  FJ,  and  of  carvol,  Cj^H^^O. 

Oil  of  Dill,  from  the  seed  of  Anethum  graveolens,  also  consists  of  a 
dextrorotatory  terpene,  boiling  at  173°  (343®-4  F.),  and  an  oxygenated  oil 
r^;arded  by  Gladstone  as  identical  with  carvol. 

Oil  of  Anise,  from  the  seed  of  Pimpinella  Anisum,  consists  almost  wholly 

{OCH 
p  „  *.     The  terpene,  which  is  only  present  in 

small  quantity,  has  not  been  examined. 

Oil  of  fennel,  from  the  seeds  of  Anethum  Fantculwn,  also  contains  a  lar^ 
quantity  of  anethol,  but  is  usually  richer  in  terpene  than  anise  oil.  The  terpene 
is  dextrorotatory. 

Oil  of  Gamin,  distilled  from  the  seeds  of  Cuminum  Cyminum,  consists 
chiefly  of  cumic  aldehyde,  C^^ljd,  and  cymene,  C^^H^^ ;  but  it  also  contains  a 
terpene  which  when  pure  boiis  at  about  165''  (329°  F.)  (Beilstein  and  Kupfer, 
Ann.  Chem.  Pharm.,  clxx.  284).  According  to  Trapp  (ibid,  cviii.  386),  the 
oil  firom  the  seeds  of  the  Water  Hemlock  (Cicuta  virosa)  has  the  same  com- 
position as  cumin  oil. 

Oil  of  Coriander,  from  the  seeds  of  Ooriandrum  sativum,  is  said  to  consist 
of  an  oxygenated  oil  of  the  composition  C^^H^^O. 
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Oil  of  Galbanum. — The  oil  which  is  separated  from  Galbanum  resin  by 
iliatillation  with  water  consists  of  a  dextrorotatory  terpene,  boiling  at  160® — 165^ 
(320® — 329°  F.).     It  yields  a  crystalline  hydrochloride. 

CHI  of  Ajowan, — This  oil,  which  is  distilled  from  the  fraita  of  Ftyckotis 
Ajofoan,  an  annual  herb  grown  in  Egypt  and  Persia,  and  especially  in  India, 
consists  chiefly  of  thymol,  Cj^H^^O,  and  cymene,  C^o^w*  ^^  ^'•^  appeajs  to  con- 
tain a  terpene. 

Terpen  £8  from  Labiate. — Oil  of  Tkymey  distilled  from  the  Thymus 
vulgaris,  the  common  garden  thyme,  has  nearly  the  same  composition  as  oil  of 
ajowan,  consisting  chiefly  of  thymol  and  cymene,  together  with  a  kevorotatorj 
terpene  (tkymene),  boiling  at  i6o**-^i65°  (320° — 329®  F.). 

Oil  cf  Sj^earmint — The  oil  extracted  from  the  Mentha  viridis,  or  ordinary 
garden  mint,  contains -a  dextrorotatory  terpene,  boiling  at  about  160°  (320**  F.), 
and  an  oxygenated  oil,  menthol,  C^^H^^O,  which,  aooording  to  Gladstone,  is 
isomeric  with  thymol,  carvol,  and  myristicol. 

Oil  qf  Peppermint. — The  essential  oil  of  Mentha  piperita  appears  to  con- 
sist of  a  terpene  and  oxygenated  compounds,  but  it  h&fi  not  been  satisfactorily 
examined.  When  exposed  to  a  low  temperature,  it  sometimes  deposits  crystals  of 
Peppermint  camphor,  C^H^fi,  also  known  as  menthol,  Chinese  oil  of  pep- 
permint, distilled  in  Canton  from  a  plant  which  appears  to  be  Mentha  arveneie 
▼ar.  Javanica,  contains  a  considerable  amount  of  menthol  and  a  liquid  iso* 
meride. 

Oil  of  Lavender,  from  Lavandula  vera,  the  common  lavender,  and  oil  qf 
Spike,  distilled  in  the  south  of  France,  from  Lavandula  spica,  have  not  been 
properly  examined ;  they  contain  hydrocarbons  and  oxygenated  compounds.  A 
solid  substance  is  sometfmes  deposited  from  oil  of  lavender  in  cold  weather,  which 
is  said  to  be  identical  with  common  camphor. 

Oil  of  Rosemary t  from  Bosmarinus  officinalis,  consists  almost  wholly, 
according  to  Gladstone,  of  a  feebly  dextrorotatory  terpene,  boiling  at  about  163^ 
(325°'4  ^O;  according  to  Lallemand,  it  is  resolved  by  distillation  into  a 
Ifpvorotatory  terpene  and  an  oxygenated  portion,  boiling  at  200^ — 210^(392^ — 
410^  F.),  which  deposits  at  a  low  temperature  a  large  quantity  of  camphor  re- 
sembling common  camphor  in  all  respects,  excepting  that  it  has  less  dextro- 
rotatory power. 

Terpenesfrom  the  Oil  of  Eucalyptus  Globulus, — ^According  to  Faust  and 
Homeyer  (Deut  chem.  Ges,  Ber,,  vii.  1429),  about  nine-tenths  of  this  oil 
consists  of  a  mixture  of  a  terpene  boiling  at  1 7  2° — 1 7  5°  (34i°*6 — 347°  F.),  with 
cymene,  in  the  proportion,  of  about  two  parts  of  the  former  to  one  of  the  latter; 
the  remaining  portion  consisting  of  an  isomeric  terpene,  which  boils  at  about 
151"  (303°-8  F,),  and  an  oxygenated  oil  boiling  at  about  217°  (422°-6  F.),  which 
probably  has  the  composition  C^^Hj^O. 

Further  particulars  as  to  the  essential  oils  may  be  obtained  by  consulting 
Hanbury  and  Flackiger*s  Pharmacographia  (London,  1874);  Gmelin's 
Chemistry  (vol.  xiv.);  and  the  original  papers  of  Gladstone  (Joum,  Chem, 
Soc,  [2],  II.  I.;  uv.  i),  and  Wright  {ibid.  xxvi.  549,  686;  xxvii.  317,  620). 

It  will  be  evident,  from  what  has  just  been  stated,  that  our  knowledge  of  the 
terpenes  which  are  present  in  the  various  essential  oils  is  extremely  imperfect ;  in 
fact,  it  cannot  be  said  that  any  one  of  the  terpenes,  with  the  exception  of  tereben- 
thene,  has  been  separated  in  a  state  of  purity,  and  examined  in  such  a  way  as  to 
thoroughly  establish  its  nature.  This  is  mainly  owing  to  the  great  difficulty 
of  separating  them  from  the  substances  with  which  they  are  associated  in  the 
essential  oils. 

But  even  with  our  present  imperfect  knowledge,  it  is  evident  that  there  is  a 
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<do6e  relationship  between  the  terpenes  fornished  by  plants  of  the  same  order, 
and  it  is  not  unlikely  that  many  will  be  found  identical.  Thus  the  Aurantiacem 
furnish  hydrocarbons  with  high  boiling  points  (about  I75°)»  which  readily  com- 
bine with  hydrochloric  acid,  forming  <^*hydrochloride8,  and  therefore  resemblins^ 
isbterebenthene  (1270);  the  terpenes  fft>m  the  Lauracea^  on  the  other  hand, 
boil  uniformly  at  much  lower  temperatures  (about  160'*),  and  appear  rather  to 
Bssemble  terebenthene  (1267). 

It  is  therefore  a  matter  of  the  utmost  importance  that  the  terpenes  from  a 
mamber  of  plants  of  the  same  order  should  be  carefully  comparatively  studied, 
their  physical  properties  determined,  and  their  compounds  with  hydrochloric 
acid,  &o.,  investigated  in  somewhat  the  same  manner  that  terebenthene  has  re- 
cently been  examined  by  Riban.  It  is  difficult  to  over  estimate  the  value  of  such 
an  investigation  of  the  terpenes,  and  of  the  essential  oils  yielding  them,  regarded 
as  a  eontribution  to  the  chemistry  of  plant  life. 


(1279)  Caoutchouc  ob  Indian  bubbes  :  (C^Hg)*. — This  substance  and 
Gutta  Percha  may  be  appropriately  described  here,  since  both  are  in  a  measure 
related  to  the  terpenes.  Caoutchouc  occurs  in  small  quantities  in  the  juices  of 
many  plants,  particularly  of  the  Uriicacea,  EuphorbiacetB,  and  Apocyfuieea, 
Its  chief  source,  however,  is  the  spontaneously  solidified  milky  juice  of  the 
JSavaa  eUutica,  Jatropha  eUutica,  and  some  other  tropical  plants.  As  fir8t 
procured  by  incisions  into  the  stem  of  the  plant,  it  appears  as  a  yellowish  milky 
fluid  which,  in  addition  to  caoutchouc,  contains  albumin ;  the  albumin  oauiies 
the  juice  on  being  boiled  to  coagulate.  When  the  fresh  juice  is  exposed  to  the 
air  in  thin  films,  it  speedily  dries,  and  hardens  into  elastio  layers  of  brownish- 
yellow  caoutchouc.  The  caoutchouc  is  not  dissolved  in  the  juice,  but  is  merely 
suspended  in  it,  and  when  the  liquid  is  diluted  with  water  it  rises  to  the  surface 
like  cream ;  when  once  it  has  become  coherent  it  cannot  again  be  difiused  through 
water.  In  its  solid  condition  it  is  extremely  elastic,  especially  when  warm.  Its 
specific  gravity'  varies  firom  '92  to  '96.  Alchough  insoluble  in  water,  it  soflens 
considerably  in  this  liquid  at  the  boiling  temperature,  and  is  thereby  rendered 
more  easily  acted  upon  by  solvents.  Caoutchouc  may  be  preserved  unaltered  for 
an  indefinite  time  if  excluded  from  the  light,  but  if  exposed  to  the  air  for  a  few 
months  in  diffused  daylight,  it  gradually  absorbs  oxygen  and  becomes  converted 
into  a  viscid  mass  which  has  lost  its  elasticity,  and  is  soluble  in  alcohol  (W.  A. 
Miller  on  Electric  Cables,  Joum,  Chem,  80c,,  1865,  273).  Alkaline  solutions 
are  without  effect  upon  caoutchouc.  Even  chlorine  attacks  it  very  slowly; 
whilst  concentrated  sulphuric  acid  decomposes  it  slowly,  concentrated  nitric  acid  acts 
rapidly,  when  dilute,  however,  these  acids  are  entirely  inert.  Commerd aI  caoutchouc^ 
from  the  mode  of  its  preparation,  necessarily  retains  the  albumin  and  other  con- 
stituents of  the  juice,  but  pure  caoutchouc  consists  wholly  of  carbon  and  hydrogen 
in  the  proportions  corresponding  with  the  empirical  formula,  C^H,  (Faraday). 
This  substance,  however,  is  chiefly  a  mixture  of  two  bodies,  one  much  more 
soluble  in  ether,  benzene,  and  similar  liquids  than  the  other  (Payer). 

Caoutchouc  is  insoluble  in  alcohol,  but  in  contact  with  ether,  chloroform, 
carbonic  bisulphide,  coal  naphtha,  or  rectified  oil  of  turpentine,  it  first  swells 
up  very  considerably,  and  eventually  forms  a  ropy  liquid,  which  on  evaporation  ^ 
leaves  the  caoutchouc  with  its  original  elasticity.  This  property  is  turned  to 
account  in  the  manufacture  of  various  waterproof  or  "  Macintosh "  articles. 
The  liquid  thus  formed  is  not  a  true  solution,  but  a  mixture  caused  by  the  inter- 
position of  the  dissolved  portion  between  the  pores  of  the  insoluble  substance 
which  is  considerably  swelled  up,  and  has  thus  become  easy  to  disintegprate.  By 
employmg  a  sufiBcient  quantity  of  these   solvents,  renewed  from  time  to  time 
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without  agitation  so  as  not  to  break  the  tumefied  portion,  the  caoatchoac  may  be 
completely  separated  into  two  parts — viz.,  a  substance  perfectly  soluble,  ductile, 
and  adhering  strongly  to  the  surface  of  bodies  to  which  it  is  applied;  and 
another  substance,  elastic,  tenacious,  and  sparingly  soluble.  Caoutchouc  is  also 
dissolved  by  the  fixed  oils,  but  its  elasticity  is  thereby  destroyed.  Waterproof 
cloth  is  prepared  by  varnishing  one  surface  of  a  fabric  constructed  for  the 
purpose,  with  a  solution  of  caoutchouc,  then  bringing  it  into  contact  with  a 
second  sheet  similarly  prepared,  and  passing  the  two  together  between  rollers. 
The  freshly  cut  edges  or  surfaces  of  a  piece  of  caoutchoiic  cohere  readily ;  this 
property,  with  its  pliancy  and  elasticity,  together  with  its  power  of  resisting 
most  chemical  agents,  render  it  invaluable  in  the  laboratory  for  forming  the 
flexible  tubes  and  joints  used  in  connecting  apparatus  in  a  secure  and  air-tight 
manner.  Caoutchouc  melts  at  a  heat  of  about  125°  (257°  F.)  ;  after  it  has  been 
melted  it  does  not  solidify  on  cooling,  but  forms  a  sticky  mass  which  does  not 
become  solid  even  when  exposed  to  tlie  air  for  months.  Owing  to  this  property 
it  fumiBhes  a  valuable  material  for  the  lubrication  of  stopcocks  and  joints 
intended  to  remain  moveable  yet  air-tight.  If  caoutchouc  be  heated  strongly  in 
the  open  air  it  takes  fire,  and  bums  with  a  bright  luminous  flame. 

If  distilled  in  closed  vessels,  caoutchouc  furnishes  a  mixture  of  several 
hydrocarbons,  amongst  which  are  isoprene,  C^Hg  (1254) ;  a  ierpene  boiling  at 
about  170°  (338®  P.),  which  Himly  terms  caoutchin;  and  a  hydrocarbon  boiling 
at  about  315**  (599**  F.)»  heveene^  which  probably  has  the  composition  C^H^. 
The  nature  of  the  remaining  products  is  not  satisfactorily  established,  but  from 
the  composition  of  these  several  hydrocarbons  it  appears  that  the  decomposition 
of  caoutchouc  by  heat  is  merely  the  resolution  of  a  complex  hydrocarbon  into 
simpler  polymeric  hydrocarbons. 

(1280)  A  highly  valuable  modification  of  caoutchouc,  discovered  by  Goodyear, 
is- known  in  the  arts  under  the  name  of  vulcanized  Indian  rubber,  which  from 
its  almost  perfect  elasticity  at  all  temperatures  below  that  of  115°  (239°  F.) 
admits  of  a  variety  of  useful  applications.  The  cut  edges  of  this  form  of  caout- 
chouc do  not  cohere  by  pressure,  and  it  does  not  become  adhesive  to  other  bodies 
at  a  temperature  below  100°  (212°  F.).  Caoutchouc  when  immersed  in  the  form 
of  sheet  in  melted  sulphur  at  125°  (257°  F.),  gradually  imbibes  from  12  to 
15  per  cent,  of  its  weiglit  of  sulphur,  but  it  does  not  at  this  temperature  experi- 
ence any  change  in  its  physical  or  chemical  properties.  If,  however,  such 
sulphurized  rubber  be  heated  for  a  few  minutes  to  about  150*^  (302°  F.),  the 
peculiar  elastic  modification  is  produced,  and  if  the  temperature  be  allowed  to 
rise  much  higher  than  this,  tlie  mass  becomes  black,  hard,  and  homy,  and  is 
changed  into  vulcanite  or  ebonite,  which  may  be  applied  to  many  of  the  purposes 
for  which  horn  is  fitted.  At  a  temperature  a  few  degrees  beyond  that  neoessaiy 
to  the  production  of  vulcanite  the  mass  is  converted  into  a  hard  brittle  substance, 
which  at  a  higher  temperature  undergoes  carbonization  and  decomposition. 
Ebonite  is  largely  prepared  for  the  manufat^ture  of  combs,  and  articles  such  as 
were  formerly  made  of  pspier-roach^,  the  proportions  used  being  2  parts  of 
caoutchouc  to  i  of  sulphur.  Exposure  for  some  hours  to  a  heat  of  from  150° 
to  180®  (302'^  to  356''  F.)  effects  the  conversion.  Ebonite,  or  vulcanite,  is  one 
of  the  best  insulators  of  electricity  that  is  known,  and  becomes  powerfully 
negatively  electric  when  excited  by  friction.  The  elastic  vulcanized  caoutchouc 
appears  to  consist  of  a  combination  of  the  original  substance  with  2  or  3  per 
cent,  of  its  weight  of  sulphur.  The  excess  of  sulphur  which  is  usually  present 
is  only  mechanically  distributed  through  the  mass,  and  may  be  removed  by  the 
use  of  solvents,  such  as  benzene  or  sodic  sulphite.  This  excess  of  sulphur  is 
injurious  to  the  elasticity  of  the  material,  and  gradually  renders  it  brittle  and 
rotten.     Several  modes  of  effecting  the  combination  of  sulphur  with  caoutchouc 
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are  employed.  One  of  the  most  nsaal  consists  in  grinding  the  caoatchoac 
between  heated  rollers  with  the  proper  proportion  of  sulphur :  the  mixture  of 
caoutchouc  and  sulphur  is  lefl  endued  with  the  properties  of  common  caoutchouc, 
and  may  be  easily  moulded  into  the  form  of  the  various  articles  required ;  it  is 
only  on  the  application  of  a  temperature  ranging  from  130^  to  150**  (266°  to 
302°  F.)  that  the  peculiar  properties  of  the  sulphurized  compound  are  developed. 
The  heat  is  most  advantageously  applied  by  exposing  the  articles  to  the  direct 
action  of  high-pressure  steam  at  132*'  to  137°  (270°  to  279°  F.).  A  still  easier 
method  adapted  for  thin  articles  consists  in  immersing  the  caoutchouc  for  a  few 
moments  in  a  solution  of  i  part  of  chloride  of  sulphur,  S,C1,,  in  60  of  carbonic 
bisulphide  :  by  simple  exposure  of  the  object  thus  treated  to  the  air,  it  assumes 
the  character  of  vulcanized  caoutchouc  without  the  aid  of  heat.  The  addition  of 
a  certain  proportion  of  carbonate  of  lead  to  the  preparation  is  found  to  produce 
an  article  better  adapted  for  some  purposes,  such  as  the  manufacture  of  overshoes 
o»  goloshes,  than  one  in  which  sulphur  only  is  used ;  due  proportions  of  sulphur 
and  of  the  salt  of  lead  are  incorporated  with  the  caoutchouc  by  causing  the  cao^it- 
chouc  mixed  with  the  other  ingredients  to  pass  repeatedly  between  polished 
hollow  iron  rollers  maintained  at  a  temperature  of  about  75**  (167°  F.),  by  the 
injection  of  steam  into  their  interior.  Vulcanized  Indian  rubber  withstands 
prolonged  digestion  in  naphtha  or  turpentine-oil  without  undergoing  solution. 

(1281)  GuTTi.  Percha. — This  substance,  which  is  similar  in  chemical 
properties  to  caoutchouc,  was  introduced  into  this  country  as  an  article  of 
commerce  about  the  year  1844.  Gutta  percha  is  the  concrete  juice  of  the 
Isonandra  percka,  a  tree  belonging  to  the  family  of  the  Sapotaceat  which  grows 
abundantly  in  Singapore,  Borneo,  and  other  islands  of  the  eastern  archipelago.  The 
name  percka  is  that  given  by  the  Malays  to  the  tree  which  produces  it;  it  grows 
to  a  diameter  of  5  or  6  feet,  and  although  it  is  valueless  as  timber,  the  fruit 
yields  an  oil  fit  for  food.  On  cutting  notches  through  the  bark  into  the  wood, 
a  milky  juice  exudes,  which  speedily  solidifies.  Gutta  percha  is  a  tough  inelastic 
substance,  which  at  ordinary  temperatures  retains  any  shape  which  may  have 
been  impressed  upon  it,  but  somewhat  below  100°  (212°  F.)  it  becomes  so  soft 
that  it  may  be  moulded  like  wax,  and  indeed  may  be  employed  for  taking  casts 
and  impressions,  since  it  will  copy  the  finest  lines  with  fidelity ;  beautiful 
mouldings,  and  a  variety  of  useful  and  ornamental  articles  are  thus  made  with 
great  facility.  It  also  possesses  the  valuable  property  of  welding  together  when 
in  this  soft  condition,  provided  that  the  surfaces  are  quite  free  from  any  film  of 
moisture.  Below  45°  (113"  F.)  it  again  becomes  hard,  and  is  possessed  of  extra- 
ordinary  tenacity.  It  is,  when  pure,  of  a  pale  brown  colour,  possessing  a 
peculiar  odour  somewhat  resembling  that  of  caoutchouc.  When  rubbed  it 
becomes  negatively  electric,  and  if  dry  it  is  an  insulator  of  electricity ;  this 
property  has  led  to  its  extensive  employment  in  the  covering  of  wires  for 
telegraphic  purposes.  It  is  also  largely  used  as  a  waterproofing  material,  and  is 
employed  as  a  substitute  for  leather  in  soling  boots  and  shoes.  It  furnishes  a 
valuable  material  for  the  preparation  of  tubes  for  conveying  liquids,  and  is  like* 
wise  used  as  a  substitute  for  leather  in  the  construction  of  bands  for  driving 
machinery. 

Gutta  percha  is  quite  insoluble  in  water ;  it  is  not  attacked  by  linseed  oil, 
bat  is  dissolved  readily  by  benzene,  chloroform,  carbonic  bisulphide,  oil  of 
turpentine,  and  the  essential  oils  in  general  with  the  aid  of  heac.  If  heated 
moderately  it  melts;  and  at  a  higher  temperature  is  decomposed,  yielding  hydro- 
carbons identical  with  those  from  caoutchouc  (Greville  Williams).  Solutions  of 
the  alkalies  are  without  action  upon  g^tta  percha.  Hydrochloric  acid,  and  dilute 
hydrofluoric  acid,  as  well  as  the  dilute  acids  in  general,  have  no  action  upon  it ; 
hence  it  is  employed  in  the  preparation  of  bottles  and  vessels  used  for  .o(|^ 
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these  liquids.  The  principal  drawback  to  this  use  is  the  difficalty  of  preventing 
it  from  retaining  a  certain  degree  of  porosity,  which  allows  the  slow  transadation 
of  liqnids  through  its  mass.  Concentrated  nitric  acid  attacks  and  disintt^grates 
it  rapidly,  whilst  sulphuric  acid  produces  the  same  effect  more  gradually. 

Purified  commercial  gutta  percha  consists  of  three  distinct  snhstmices ;  the 
most  abundant  of  these,  the  pwre  gutta,  which  constitutes  from  75  to  82  per 
cent  of  the  mass,  is  a  hydrocarbon  of  the  same  percentage  composition  as  the 
terpenes ;  it  is  insoluble  in  alcohol.  The  other  two  constituents  are  a  white 
crystalline  substance  termed  alhanj  C^o^^O,,  insoluble  in  cold,  but  soluble  in 
boiling  alcohol ;  and  an  amorphous  yellow  resinous  substance  termed  Jluat>il, 
C^U.^0,  soluble  in  cold  alcohol.  These  two  are  probably  produced  by  the 
oxidation  of  the  pure  gutta,  which  appears  to  take  place  during  the  extraction  of  the 
gutta  percha  from  the  trees.  Pure  gutta  may  be  prepared  by  exhausting  gutta 
percha  with  water  and  hydrochloric  acid,  and  treating  the  residue  with  boiling 
ether  (which  dissolves  everything  except  a  few  black  flocks),  leaving  the  filtnUa 
to  cool,  pressing  the  substance  which  separates,  and  repeating  the  treatment 
until  the  ethereal  liquid  retains  nothing  in  solution  afler  cooling  (Baumhansr). 
It  is  perfectly  white  when  reduced  to  a  fine  powder ;  when  heated  it  cakes 
togtther,  and  at  100"  (212°  F.)  becomes  transparent,  whilat  at  150®  (302°  F.) 
it  begins  to  melt  and  is  converted  into  a  tenacious  mass ;  at  180°  (356^  F.)  an 
oily  liquid  begins  to  distil  over;  at  210^  (410''  F.)  the  mass  becomes  filled  with 
vapour-bubbles,  and  at  280°  (536°  F.)  it  firoths  strongly.  Pure  gutta  percha 
slowly  absorbs  oxygen  when  exposed  to  the  combined  influence  of  light  and  air, 
and  is  gradually  converted  into  a  brittle  resin  freely  soluble  in  hot  alcoboL 
Afl^ir  having  undergone  this  change  it  entirely  loses  its  plastic  character,  and 
this  is  one  of  its  principal  defects ;  it  may,  however,  be  preserved  in  the  dark  or 
under  water,  for  an  indefinite  period  without  change. 

§  v.  Hydrocarbons  of  the  C,|H2a.Q,  or  Benzene  Series. 

During  the  past  few  years  more  attention  has  been  paid  to 
the  hydrocarbons  of  this  series  and  their  derivatives  than  to  any 
other  groap  of  compounds,  and  their  inyestigation  has  furnished 
results  of  great  value,  especially  in  connexion  with  the  problem 
of  isomerism.  The  first  term  of  this  series  is  benzene,  Cfi^,  and 
a  considerable  number  of  other  hydrocarbons  exist  which  may  be 
regarded  as  true  homologues  of  it,  since  they  exhibit  the  same 
general  properties.  Besides  these,  a  hydrocarbon  isomeric  with 
benzene  is  known,  possessing,  however,  altogether  different  pro- 
perties, and  also  several  hydrocarbons  of  the  composition  C^gHg^. 
The  latter  have  been  separated  from  certain  essential  oils,  but  it 
is  not  known  at  present  whether  they  are  true  homologues  of 
benzene,  or  whether  they  belong  to  an  isomeric  series. 

As  the  chief  source  of  benzene  and  several  of  its  homologues 
is  coal-tar,  one  of  the  products  of  the  destructive  distillation  of 
coal,  it  will  be  convenient  in  this  place  to  describe  briefly  the 
process  of  distilling  coal  and  some  other  vegetable  and  animal 
substances  before  discussing  benzene  and  its  homologues. 
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Destructive  Distillation  of  Vegetable  Substances. 

(128a)  Products  of  the  Distiliation  of  Coal. — When  a  bitu- 
minous coal  is  burned  in  the  open  air^  the  principal  products  of 
the  combustion  are  cai*bonic  anhydride  and  water,  with  small  quan- 
tities of  ammonia  and  sulphurous  anhydride^  derived  from  the  nitro- 
genized  constituents  and  the  pyrites  contained  in  the  coal;  a  certain 
portion  of  carbonaceous  matter  in  a  finely  divided  form  escapes 
combustion^  and  constitutes  the  soot  or  visible  smoke  of  a  coal  fire. 
When,  however,  the  decomposition  of  the  coal  is  effected  in  vessels 
from  which  the  air  is  excluded^  the  products  are  much  more 
numerous  and  complicated  :  a  large  amount  of  volatile  matter  is 
expelled^  partly  in  the  form  of  uncondensable  gases,  and  partly  in 
the  form  of  vapours,  which^  when  cooled  to  the  ordinary  tempera^ 
ture,  become  liquids  or  solids ;  whilst  a  large  proportion  of  the 
Combustible  material  remains  behind  in  the  retort^  and  forms  a 
light,  porous  variety  of  coke,  known  as  ffos  coke. 

Amongst  the  gaseous  products,  the  most  important  are  methane, 
ethylene,  hydrogen,  carbonic  oxide,  carbonic  anhydride,  sul- 
phuretted hydrogen,  and  ammonia.  The  liquid  portions  contain 
water,  and  various  hydrocarbons,  such  as  benzene,  toluene,  xylene, 
and  pseudocumene,  which  constitute  the  chief  ingredients  of  the 
liquid  termed  coal  naphtha ;  besides  which  there  is  a  large  quantity 
of  a  dark  viscous  matter,  known  as  coaUtar. 

When  coal  gas  is  to  be  employed  for  the  purpose  of  illumi- 
nating the  interior  of  a  dwelling-house,  it  is  not  sufficient  to  con- 
dense the  tar,  the  water,  and  other  liquid  products ;  but  it  is  also 
necessary  to  remove  a  number  of  gaseous  compounds,  before  it 
can  be  burned  with  comfort,  or  even  with  safety  to  the  health  of 
the  inmates.  The  impurities  of  which  it  is  of  most  importance 
to  deprive  it  are  sulphuretted  hydrogen  and  ammonia ;  in  addition 
to  which  carbonic  anhydride  and  a  dmall  quantity  of  cyanogen 
are  always  removed  during  the  purification.  This  purificatioa 
is  effected  by  submitting  the  gas  to  the  action  of  eertaia 
chemical  agents,  particularly  hydrated  ferric  oxide^  and  slaked 
liiiie. 

The  illuminating  power  of  coal  gas  is  due  chiefly  to  oleflant^ 
g9A  or  ethylene,  butylene,  and  acetylene,  but  it  is  increased  by  tb^ 
presence  of  a  small  quantity  of  the  vapour  of  some  other  com.- 
pounds  of  carbon  and  hydrogen.  The  hydrogen  and  carbonio  oxide 
are  not  only  destitute  in  themselves  of  any  illuminating  power, 
but  they  reduce  the  light  of  the  gas  with  whioh  they  are  mixed ; 
there  is^  however^  no  means  of  getting  rid  of  these  gii«aS|>«o  that 
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care  should  be  taken  to  produce  as  small  an  amount  of  them  as 
possible  during  the  process  of  carbonization. 

(1283)  Manufacture  and  Pttrification  of  Coal  Gas. — The  earliest 
attempts  at  illumination  by  means  of  coal  gas  were  made  by  Mr.  Murdoch, 
during  his  residence  in  Cornwall,  about  the  year  1792,  and  he  subsequently 
further  carried  out  his  plan,  so  as  to  illuminate  a  large  portion  of  the  manufac- 
tory of  Boulton  and  Watt  at  Soho,  at  the  celebration  of  the  peace  of  Amiens  in 
1802.  Ten  years  afterwards,  the  Chartered  Gas  Company,  which  made  the 
firtit  great  experiment  of  lighting  the  streets  by  gas,  was  incorporated :  and 
from  that  day  to  the  present  the  employment  of  gpas  as  a  convenient  and  eco- 
nomical means  of  illumination  has  been  steadily  increasing.  At  the  present 
time,  upwards  of  one  and  a  quarter  million  tons  of  coal  are  converted  into  gas 
annually  in  London  alone ;  in  addition  to  which  every  large  manufacturing 
town,  and  many  of  tlie  smaller  towns  and  even  villages  in  Great  Britain,  are 
lighted  by  gas  ;  the  use  of  gas  is  also  general  in  the  principal  cities  and  large 
towns  on  the  Continent. 

The  proportion  in  which  the  different  products  of  the  distillation  of  coal  are 
obtained,  varies  greatly,  according  to  the  kind  of  coal  employed,  and  the  tem- 
perature at  which  the  distillation  is  conducted.     The  coal  best  suited  to  the 
manufacture  of  gas  for  illuminating  purposes  is  of  the  variety,  known  as  bitu- 
minous.    Anthracite   is   unfit   for  this   use.     The   kind   of  coal  employed  in 
London  for  gas-making  is  principally  that  of  the  Durham  coal  field,  or  Netocastle 
coal,  although  it  is  not  so  well  adapted  to  the  purpose  as  some  others,  since  it 
yields  a  gas  of  low  illuminating  power,  which  has  usually  to  l>e  brought  up  to  the 
required  standard  by  an  admixture  of  cannel  gas,  obtained  from  cannel  coal.     A         ^ 
ton  of  good  coal  of  this  description  yields  on  an  average  in  London  about  9250        ^ 
cubic  feet  of  gas  of  sp.  gr.   0*410,  and   furnishes  nearly  a  chaldron  of  coke 
weighing  about  13  cwt.     In  coking,  from  20  to  35  per  cent,  of  fuel  in  propor-       9* 
tion  to  the  coal  used  (according  to  the  judgment  shown  in  constructing  the      na, 
i'urnace)  is  employed.     The  Scotch  cannel  coals  furnish  a  gas  of  much  higher     j  v^ 
illuminating  power  than  that  of  the  Newcastle   coal,  and  of  greater  specific        ^ 
gravity,  owing  to  the  presence  of  a  larger  proportion  of  the  denser  hydrocarbons, 
although  the  volume  of  gas  produced  per  ton  is  somewhat  smaller,  and  the  coke 
produced  is  of  an  inferior  quality. 

Fig.  39  J  gives  a  general  view  of  the  arrangement  of  the  apparatus  required 
in  the  manufacture  and  pui'ification  of  coal  gas ;  and  the  following  is  an  outline 
of  the  process  adopted : — 

Pit-coal  is  heated  in  hollow  flattened  cylinders  of  iron,  or  more  generally  of 
clay,  B  B,  set  in  stacks  of  from  seven  to  ten,  in  long  brick  furnaccb,  a  a.  The 
mouths,  c  c,  of  these  cylinders  or  retorts  project  from  the  brickwork,  and  are  . 
fitted  with  moveable  lids,  which  can  be  closed  air-tight  by  means  of  clay  luting. 
From  the  upper  side  of  the  projecting  extremity  of  each  retort,  a  tube,  d,  for 
the  conveyance  of  the  gas,  passes  vertically  upwards  fur  a  few  feet,  then  forming 
an  arch,  dips  downwards,  terminating  at  e,  beneath  the  level  of  the  liquid  con- 
tained in  a  long  and  wide  pipe,  f,  called  the  hydraulic  main,  which  passes 
horizontally  along  the  front  of  the  range  of  furnaces.  This  pipe  is  kept  con- 
stantly half  full  of  tar  and  condensed  aqueous  vapour.  By  this  means  the 
opening  into  each  retort  is  effectually  dosed  by  a  water  valve,  which  permits  a 
charge  to  be  drawn  and  renewed  in  any  one  or  more  of  the  retorts,  without 
interfering  with  the  operation  of  those  which  are  still  in  action.  The  tar,  as  it 
accumulates  in  the  hydraulic  main,  flows  over  into  the  tar  welU,  H,  i.  In  about 
four  hours  alter  charging  the  retort,  the  coal  will  have  given  off  nearly  all  its 
gas,  and  a  fresh  charge  of  coal  will  be  required ;  but  it  is  not  an  unusual  praptioe 
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the  plan  is  raid  to  saooeed  on  the  large  scale ;  the  use  of  tiie  ammoniaoal  liquor 
ill  a  scrubber  to  absorb  this  impurity  has  also  been  suggested.  When  gas  which 
contains  carbonic  bisulphide  is  burned,  a  minute  quantity  of  sulphuric  acid  is 
formed,  which  gradually  accumulates  on  the  furniture  of  the  building,  on  the 
binding  of  books,  <Sec.,  and  slowly  corrodes  and  otherwise  injures  them. 

(1384)  Compounds  present  in  Coal-tar. — Coal-tar  varies  in 
density  from  i-i20  to  1*150;  the  lightest  tar  containing  the 
largest  proportion  of  liquid  oils.  Of  the  substances  contained  in 
coal-tar  some  are  basic  and  some  acid^  but  the  principal  portion 
consists  of  neutral  or  indifferent  bodies. 

The  following  is  a  list  of  the  compounds  the  existence  of 
"which  in  coal-tar  has  been  satisfactorily  established  : 


i 

k 

11 

S 


Name. 
Carbonic  bisulphide  .. 
Acetic  acid  ... 


.g    I  Hexane 
S      Heptane 
+  -{ Octane 
Decane 
VSolid  paraffins 


+  -I  uctai 
Sf  Dec 
2"  ISolid 


4 

"   jAmylene 
J  [Hexylene 

§    fCrotonyleira  , 

7  IHexoylene    , 

S  ^ 


i 
I 

I 


'Benzene 
Toluene 
Paraxylene  ... 

(Metaxyiene  ... 
Pseudocumene 
Mesttylene    ... 


Naphthalene... 
Diphenyl 
Acenaphthene 
Floorene 
Anthracene  ... 
Phenanthrene 
Pyrene 
Chrjrsen^      ... 


FormohL 


C.H„ 


C.H. 
C,H. 
C.H.. 
C.H.. 

C.H„ 


CbH„ 
C„H„ 


a 
o 

f 


o" 


Name. 


Phenol 
Paracresol 
Metacresol 
Orthooresol 


5 


Pyrrol 
Aniline 


'  Pyridine 
Picoline 
Lutidine 
Coilidine 
ParFoline 
Coridine 
Rubidine 
Viridine 


1 


'Leuooline 
Lepidine 
^  (Cryptidiue 


» 


FormaUu 


C.H.O 
C,H.O 

C,H.O 


C.H.N 


C.H,N 


C,H.N 
C.H,N 
C,H,N 
C.H..N 
C.H  N 

c  H„y 

C„H„N 


C.H,If 

c„H„ir 
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The  distillation  of  coal-tar  is  conducted  on  an  extensive  scale, 
as  a  separate  branch  of  trade.  The  operation  is  performed  in 
large  cylindrical  iron  retorts  of  the  capacity  of  from  looo  to  2000 
gallons.  The  first  portions  that  are  volatilized  consist  chiefly  of 
ammonia,  accompanied  by  some  permanent  gases  which  have  been 
dissolved  by  the  liquid  hydrocarbons.  As  the  temperature  rises, 
water  charged  with  various  ammoniacal  salts  comes  over,  and  a 
foetid  brown  oil  gradually  collects  upon  the  surface  of  the  water 
in  the  receiver.  As  the  distillation  proceeds,  water  ceases  to  come 
over,  and  the  quantity  of  this  oil  increases,  its  density  continuing 
to  augment  until  its  specific  gravity  exceeds  that  of  water.  The 
light  oil  amounts  generally  to  from  5  to  10  per  cent,  of  the  tar. 
This  distillate  may  be  freed  from  compounds  which  rapidly 
absorb  oxygen  and  cause  the  distilled  oil  to  become  brown  on 
keeping,  by  agitation  with  a  small  portion  of  sulphuric  acid,  by 
which  these  oxidizable  products  are  converted  into  a  tenacious 
tarry  mass  denser  than  the  rest  of  the  oil,  in  which  it  is  no  longer 
soluble.  The  purified  supernatant  oil,  when  again  rectified,  con- 
stitutes coal  naphtha.  By  continuing  the  distillation  of  the  coal- 
tar,  a  yellow,  heavy  foetid  oil,  technically  known  as  dead  oil,  is 
obtained,  the  amount  of  which  seldom  exceeds  30  per  cent,  of  the 
quantity  of  tar  employed.  In  the  latter  stages  of  the  operation, 
naphthalene  is  abundant  in  the  distillate,  and  the  oil  becomes 
semi- solid  as  it  cools.  The  black  residue  in  the  retort  solidifies 
on  cooling,  and  forms  pitch,  which  is  employed  in  the  preparation 
of  asphalte,  and  as  a  colouring  ingredient  in  the  production  of  a 
coarse  black  varnish,  used  for  protecting  iron-work  from  rust.  If 
it  be  desired  to  carry  the  distillation  further,  a  much  higher  tem- 
perature is  required,  when  the  pitch  in  its  turn  undergoes  decom- 
position, and  yields  a  product  which,  when  cool,  has  the 
consistence  of  butter ;  it  consists  chiefly  of  anthracene,  and  some 
other  hydrocarbons  such  as  phenanthrene,  acenaphthene,  and 
fluorene.  At  a  still  more  advanced  stage  of  the  process  the  dis- 
tillate acquires  a  yellow  colour,  and  assumes  the  appearance  of  a 
resin ;  whilst  as  the  temperature  of  the  retort  approaches  a  red 
beat,  the  vapours  produced  become  condensed  in  the  form  of 
a  bright  orange-coloured  powder  which  is  free  from  odour, 
and  when  pressed,  agglutinates  into  a  viscous  mass.  This  sub- 
stance consists  chiefly  of  py^rene,  Cj^Hj^,  and  chrysene,  CigH^g. 
The  residue  in  the  retort,  after  it  has  ceased  to  give  off  volatile 
matters,  forms  a  hard  porous  coke,  which  is  difficult  of  combus- 
tion. 

The  heavy  coal-oil,  or  dead  oil,  is  seldom  submitted/te  fur^er 
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purification.  It  contains  phenol^  cresols^  aniline  and  other  basic 
substances^  besides  naphthalene  and  other  hydrocarbons  which 
boil  between  200°  and  300°  (392°  and  572°  F.),  and  which  hold  a 
considerable  quantity  of  anthracene  in  solution.  Heavy  coal 
naphtha^  or  dead  oil^  is  remarkable  for  its  antiseptic  qualities^  and 
is  employed  for  the  preservation  of  timber  for  railway  sleepers, 
8cc.  It  is  also  consumed  as  a  fuel  in  lamps,  and  in  specially  con- 
structed furnaces  for  heating  purposes. 

The  light  naphtha  obtained  in  the  foregoing  process,  after  being 
agitated  with  a  solution  of  caustic  soda  to  extract  the  phenol  and 
cresols,  is  submitted  to  rectification,  by  which  it  is  separated  into  a 
more  volatile  portion,  and  an  additional  quantity  of  the  heavy  oil 
'  containing  much  naphthalene.  It  is  usual  to  agitate  the  rectified 
portion  with  sulphuric  acid,  which  thus  acquires  a  deep  red 
colour,  and  removes  a  large  portion  of  the  products  which  com- 
municate to  the  crude  distillate  its  offensive  odour.  The  mixture, 
on  standing,  separates  into  two  layers,  the  lighter  of  which  is  the 
purified  naphtha.  When  this  liquid  is  again  submitted  to  distilla- 
tion, the  oil  which  comes  over  is  almost  free  from  naphthalene, 
and  does  not  become  coloured  by  exposure  to  the  air.  Coal 
naphtha  thus  purified  and  sold  as  ^highly  rectified,'  varies  in 
specific  gravity  from  about  0*860  to  0900.  It  consists  of  a  mix- 
ture of  bodies  which  boil  below  200°  (392°  F.),  and  may  be  separated 
from  each  other  by  distillation. 

Mansfield  was  the  first  {Joum.  Chem,  Soc,  i.  252)  to  make  a 
carefiil  examination  of  the  constituents  of  this  naphtha.  In  his 
experiments  he  employed  the  crude  light  naphtha,  before  it  had  been 
treated  with  sulphuric  acid ;  and  having  freed  it  from  basic  and 
acid  bodies  by  agitating  it  successively  with  dilute  sulphuric  acid 
and  a  weak  solution  of  potassic  hydrate,  he  submitted  it  to  a  sys- 
tematic process  of  fractional  distillation.  He  thus  found  that 
at  least  five  distinct  liquids  might  be  separated  from  light  coal 
naphtha: — i.  A  mobile  fiuid  of  alliaceous  odour,  boiling  below 
70°  {158°  F.),  which  he  did  not  examine,  but  which  from  the 
recent  investigations  of  Helbing  {Ann.  Chem.  Phann.,  clxxii.  281) 
appears  to  be  a  mixture  of  benzene  with  carbonic  bisulphide, 
amylene,  hexyleue  and  crotonylene,  CgH^.  2.  A  fraction  boiling 
at  about  80°  (176°  F.),  consisting  chiefly  of  benzene,  C^Hg,  but 
as  Schorlemmer  has  since  shown  {ibid,  cxxxix.  244)  also  containing 
small  quantities  of  hexoylene  (1255),  *  hydrocarbon  of  the  acety- 
lene series.  3.  A  portion  which  distils  at  about  113°  (235°"4 
F.),  consisting  of  toluene,  C^Hg.  4.  A  liquid  boiling  at  142° — 
145°  (287°-6 — 293°  F.)   which  he  regarded  as    cumene,   C^Hig, 
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but  which  Pittig's  researches  have  proved  to  be  chiefly  para-  and 
metaxylene;  and  5.  A  liquid  boiling  at  170°— 173°  {338° — 343°*4 
P,) :  this  Mansfield  believed  to  be  cymene,  CioH^^  but  fipom  Pittig's 
experiments  it  would  appear  to  be  impure  cumene,  CgH^g.  It  is 
a  mixture  of  at  least  two  isomeric  bodies — viz.,  mesitylene  and 
pseudocumene. 

Coal-oil  does  not  seem  to  contain  any  appreciable  quantity 
of  hydrocarbons  boiling  between  170°  and  200°  (338®  and  392°  P.) 
(Pittig,  Deut.  chem.  Ges.  £er,y  viii.  22),  whilst  of  the  higher 
fractions,  that  which  distils  at  210° — 220°  (410° — 428°  P.)  consists 
almost  entirely  of  naphthalene,  and  that  which  comes  over  between 
220°  and  270°  (428°  and  518°  P.)  contains  diphenyl  and  a  mix- 
ture of  liquid  hydrocarbons  which  has  not  as  yet  been  examined. 
The  portions  of  still  higher  boiling  point  contain  acenaphthene, 
fluorene,  anthracene,  phenanthrene,  pyrene,  and  chrysene. 

(1285)  Froducts  of  the  Distillation  of  Cannel  Coal  and  Lignite. 
— The  oily  product  obtained  on  distilling  boghead  or  cannel  coals 
and  the  bituminous  shales  at  a  comparatively  low  temperature, 
consists  in  great  part  of  hydrocarbons  of  the  paraffin  series  (p.  130), 
but  it  also  contains  various  members  of  the  define  and  acetylene 
series. 

Lignite,  when  distilled,  also  furnishes  paraffins,  but  at  the  same 
time  an  acid  oil  is  produced  which  contains  phenol  and  probably 
homologous  substances  also. 

(i  286)  Products  of  the  Distillation  of  Wood. — The  substances 
which  are  formed  during  the  destructive  distillation  of  wood  in 
closed  vessels  are  very  numerous.  They  vary  with  the  nature  of 
the  wood  operated  on,  and  the  temperature  at  which  the  distilla- 
tion is  effected.  The  decomposition  commences  slowly  at  a 
temperature  of  about  140°  (284°  P.).  The  volatile  portion  of  the 
products  includes  substances  which  are  gaseous,  as  well  as  those 
which  are  liquid  or  solid,  whilst  a  considerable  residue  of  char- 
coal is  left  in  the  retort.  Amongst  the  gaseous  products  of  the 
distillation,  the  most  abundant  are  carbonic  anhydride,  carbonic 
oxide,  and  hydrogen.  Of  the  liquid  products  one  portion  is  soluble 
in  water  and  another  oily  and  insoluble.  The  soluble  portion 
consists  of  acetic  acid,  methylic  alcohol  or  wood  spirit,  ethylic  alco- 
hol, allylic  alcohol,  methylic  acetate  and  acetone,  accompanied  by 
water,  and  by  other  bodies  but  imperfectly  known.  The  insoluble 
portion,  which  constitutes  wood  /ar,  is  composed  of  a  mixture  of 
various  liquids  holding  solid  matters  in  solution  :  its  most  impor- 
tant constituents  are  several  hydrocarbons,  amongst  which  are 
paraffins,  benzene,  toluene,   xylene,  and  others  which  have  been 
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less  perfectly  examined^  besides  a  number  of  oxidized  compounds, 
including  '  creasote/  Amongst  the  solid  portions  are  '  paraffin/ 
and  resinous  matters  more  or  less  resembling  colophony ;  there 
are  also  yarious  other  bodies^  such  as  naphthalene^  pyrene^ 
chrysene^  &c. 

The  products  obtained  at  the  lowest  temperature,  in  the  dis- 
tillation of  wood,  are  those  into  the  composition  of  which  oxygen 
enters  abundantly,  such  as  water,  acetic  and  carbonic  acidi :  as 
the  temperature  rises,  compounds  containing  less  oxygen  are 
gradually  formed,  such  as  methyUc  alcohol  or  wood  spirit,  acetone, 
and  creasote ;  at  a  still  more  elevated  temperature  various  hydro- 
carbons, such  as  toluene,  xylene,  and  the  different  paraffins  are 
produced,  whilst  as  the  temperature  approaches  to  redness,  pure 
hydrogen  predominates. 

In  the  distillation  in  iron  cylinders  of  air-dried  hard  woods, 
such  as  oak  or  beech,  the  charcoal  amounts  to  about  25  per  cent, 
of  the  weight  of  the  wood  employed,  or  about  three^fifths  of  the 
quantity  of  carbon  present  in  the  wood.  The  liquid  portion, 
amounting  to  about  5^  per  cent.,  contains  nearly  one-fifth  of 
the  entire  quantity  of  carbon  in  the  wood :  and  the  remaining 
portion  of  the  distillate,  consisting  of  uncondensed  gases,  carries 
off  the  remainder  of  the  carbon.  Among  the  liquid  products, 
acetic  acid  amounts  to  between  3  and  4  per  cent,  of  the  weight 
of  the  harder  woods,  naphtha  to  about  1  per  cent.,  and  the  tar  to 
7*5  per  cent, 

(1287)  Stockholm  tar,  so  largely  used  in  shipbailding,  is  obtained  by  a 
rade  kind  of  distillation  of  the  resinous  wood  of  the  pine.  A  conical  cavity  is 
formed  in  the  side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  termi- 
nating in  an  aperture  that  opens  into  a  trough  leading  to  a  reservoir  for  the  tar. 
The  kiln  is  filled  with  wood,  and  covered  over  incompletely  with  turf;  the  pile 
is  lighted  at  the  top,  and  the  combustion  regulated  by  covering  it  in  more  or 
less  completely ;  the  wood  is  thus  charred  from  above  downwards,  and  the  tar 
flows  off  at  the  bottom,  charged  with  a  considerable  quantity  of  resin,  and  mixed 
with  acetic  acid  and  oil  of  turpentine.  When  heated,  an  impure  turpentine-oil 
is  distilled,  leaving  a  black  resinous  substance,  which  constitutes  ordinary  jpitch. 
The  specific  gravity  of  the  ordinary  wood  tar  of  commerce  is  about  1*040. 

(1288)  Creosote  (from  Kpiag,  flesh,  awrrip,  preserver).  Much 
of  the  creasote  of  commerce  is  simply  phenol,  but  the  true 
creasote  of  Eeichenbach  [Pogg,  Ann.,  xxi.  57;  xxviii.  125;  xxix. 
262)  is  a  distinct  substance;  to  which  indeed  wood-smoke  owes 
its  characteristic  odour  and  antiseptic  qualities. 

Preparation, — The  process  of  purifying  creasote  is  tedious. 
The  heavier  portions  of  the  oil  obtained  from  wood  tar,  after 
being  washed  with  a  solution  of  sodic  carbouate,  are  ^submitted 
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to  distillation^  by  which  they  are  further  separated  into  a  portion 
lighter  than  water^  and  into  another  which  sinks  in  this  liquid. 
This  heavier  oil  is  then  treated  with  a  solution  of  potassic 
hydrate  of  sp.  gr.  1*12,  which  dissolves  the  creasote;  tlie  greater 
part  of  the  hydrocarbons  which  accompanied  it  being  separated. 
The  alkaline  solution,  after  being  decanted  from  the  layer  of 
oily  hydrocarbons,  is  boiled  gently  in  an  open  basin,  with  a  view 
to  oxidize  a  portion  of  the  impurities.  When  cold,  dilute 
sulphuric  acid  is  added  to  the  liquid  in  slight  excess,  by  which 
means  the  creasote  is  set  free.  It  is,  however,  far  from  being 
pure,  and  must  be  redistilled  with  water,  again  treated  with 
concentrated  solution  of  potassic  hydrate,  then  with  dilute 
sulphuric  acid,  and  finally  redistilled  with  water.  This  series  of 
operations  is  to  be  repeated  as  long  as  hydrocarbons  continue  to 
be  separated.  Lastly,  the  creasote  should  be  digested  with  calcic 
chloride,  and  distilled  by  itself.  Rhenish  creasote  begins  to  boil 
at  130°  (a66°  P.),  but  the  bulk  of  it  distils  at  i99<'_2o«'' 
(390^*2 — 406^*4  F.),  a  smaller  portion  at  208° — 216°  {406^*4 
— ^420^*8  F.),  leaving  a  dark-coloured  residue. 

Properties. — Creasote,  when  pure,  is  a  colourless  oily  liquid, 
of  high  re&active  power.  It  is  not  easily  inflamed,  but  when 
kindled  it  burns  with  a  smoky  flame.  Its  taste  is  burning,  and 
its  odour  extremely  pungent  and  peculiar ;  if  swallowed  in  doses 
of  more  than  a  few  drops,  it  acts  as  a  poison.  Creasote  is 
sparingly  soluble  in  water,  to  which  it  communicates  its  peculiar 
odour  and  pungent  taste.  It  is  freely  soluble  in  acetic  acid, 
alcohol,  and  ether,  as  well  as  in  benzene  and  carbonic  bisulphide  ; 
solutions  of  the  fixed  alkalies  and  of  ammonia  also  dissolve  it. 
Creasote  immediately  coagulates  albumin,  and  is  one  of  the  most 
powerful  antiseptics  known.  Meat  that  has  been  plunged  into 
a  solution  containing  i  per  cent,  of  creasote  gradually  becomes 
dry  and  hard  on  exposure  to  the  air,  and  acquires  the  flavour  of 
smoked  meat,  but  does  not  become  putrid.  A  considerable 
portion  of  creasote  (from  i  to  if  per  cent.)  is  held  in  solution  in 
the  crude  pyroligneous  acid  obtained  during  the  destructive  dis- 
tillation of  wood,  and  on  saturating  this  acid  at  75°  (167°  F.) 
with  efl9oresced  sodic  sulphate,  an  oily  matter  which  contains  a 
large  proportion  of  creasote  is  separated.  Crude  pyroligneous 
acid,  on  account  of  the  creasote  which  it  contains,  is  frequently 
employed  for  preserving  hams  and  salted  provisions,  to  which  it 
communicates  the  same  flavour  as  if  they  had  been  exposed  to 
wood-smoke. 

Creasote  when  largely  diluted  is  sometimes  given  internally 
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in  order  to  check  obstinate  vomiting.  If  applied  in  a  con- 
centrated form  to  the  exposed  pulp  of  a  carious  toothy  it  fre- 
quently afibrds  instant  relief  in  cases  of  acute  toothache.  In  a  * 
very  dilute  form^  it  is  also  a  valuable  application  in  some  cases  of 
foetid  ulcers^  and  in  many  cutaneous  affections.  If  applied  to 
the  skin  in  a  concentrated  state  it  produces  a  white  spot,  the 
skin  becoming  disorganized,  and  peeling  off  without  any  attendant 
inflammation. 

The  researches  of  Hugo  Miiller,  Gorup-Besanez,  Marasse,  and 
Tieman  have  shown  that  creasote  is  a  complex  mixture  containing 
phenol,    C^jHg.OH;    paracresol,  C^H^.OH ;   phlorol,    CgHj^.OH; 

guaiacol, C^,H^.  |  qh   '^^  creosol,  CjH3(CH j)  |  qh  '  ^  methylguaiaool, 

CjH  J  Q^jj* ;  methylcreosol,  C^H3(CH3)Lpjj8,  &c,  (see  Alcohols). 

The  relative  proportions  of  these  compounds  vary,  however,  in 
creasotes  from  different  sources.  There  are  other  oxygenated 
compounds  present  in  wood  tar,  but  as  yet  they  have  been  but 
very  imperfectly  examined  (see  Ccsrulignone). 

(1289)  Distillaiion  of  Peat,— The  products  furnished  by  the  destruc- 
tive diHtillation  of  peat,  which  is  formed  by  the  decomposition  of  vegetable 
matters,  is  probably  of  a  nature  somewhat  similar  to  those  obtained  from  wood, 
bat  they  have  never  been  carefully  examined.  The  distillation  was  for  some 
time  carried  on  at  Atley,  near  Eildare,  in  furnaces  resembling  an  ordinary 
blast  furnace.  The  crude  products  consist  of  tar,  above  which  is  a  watery 
liquid,  besides  gaseous  matters.  The  tar  when  purified  by  distillation  in  a 
current  of  superheated  steam  yields  first  a  liquid,  then  one  which  is  pasty  when 
cold,  and  lastly  a  solid  distillate,  whilst  about  5  per  cent,  of  a  porous  carbona-  * 
ceoos  mass  is  left  in  the  retort.  The  liquid  portion,  after  treatment  with 
sulphuric  acid,  and  redistillation,  gives  an  oil  fit  for  lubricating  purposes,  whilst 
solid  paraffin  may  be  extracted  from  the  pasty  portion.  The  aqueous  liquid 
contains  methylic  alcohol,  acetic  acid,  and  ammonia. 

(1290)  Products  of  the  cUstillatton  of  Menhaden  Oil  Soap. — ^When 
the  lime  soap  produced  by  saponifying  menhaden  oil  (from  the  Aloea  men- 
kaden,  a  sort  of  herring)  with  milk  of  lime  is  distilled  with  excess  of  calcic 
hydrate,  a  liquid  product  is  obtained,  which  has  been  examined  by  Warren  and 
Storer  {Mem,  Amer,  Acad.,  N.S.  ix.  177).  They  have  succeeded  in  iso- 
lating the  following  hydrocarbons  from  it : 

Paraffins:  0^11^+,  i.^^p!  (c«nt.) 

C.H„  39' 

C,H„.         69^ 

C^„         ...  ...  98° 

C,H,3  128** 

Olefines:  C^Hjo 

C.H,    ...     3s: 

C.H,  65 

CA. •••       95° 


C.H, 


3 
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OUfine* :  C„Hta 

WSSf, 

C,H„ 

•  •• 

••• 

•"   153' 

C..H„ 

•  •  • 

••• 

...   175° 

C„H„ 

... 

... 

...  195 

C.,H„ 

... 

...       212 

Hydrocarbon*  of  the  CnH,„. 

.J  series 

^6      «                      ••" 

••• 

•  •• 

...          80** 

CyHj 

•  ■• 

••• 

...       III^ 

C.H,, 

... 

... 



C.H, 

...* 



(1291)  Products  of  the  distillation  qf  Bones. — In  the  preparation  of 
animal  charcoal  h}'  igniting  bones  in  iron  cylinders,  an  oil  is  obtained  which 
after  rectification  is  known  as  DippeVs  animal  oiL  This  has  been  investigated 
by  Anderson,  who  succeeded  in  isolating  numerous  substances  from  it.  Although 
small  quantities  of  paraffins,  benzene,  and  probably  homologous  hydrocarbons 
are  present,  it  consists  chiefly  of  a  mixture  of  nitrogenous  substances  of  a  basic 
character.  Of  these,  various  members  belonging  respectively  to  the  series 
(CnH,n+i)H^  and  CnH^_p^  have  been  isolated,  viz. : 


Methylamine 

.    .  CH,.H.N 

Pyridine.     . 

.    .C.H.N 

Etbylamine  . 

.    .  C.H,.H^ 

Picoline  .     . 

.    .C.H^ 

Propylamine 

.     .  C,H,.H^ 

Lutidine .     . 

.     .C,H^ 

BaiyUmine  . 

.    .C,H,.H^ 

Collidine .     . 

.     .C.H..N 

Amylamine  .    . 

.  C.H„.H^ 

The  oil  also  contains  aniline,  C^H^N,  pynt)!,  C^H^N,  and  other  nitrogenous 
BubstanoeB  which  are  decomposed  when  heated  with  sodium. 


(1292)  Benzene.  Benzol,  or  Phenylic  hydride,  CjHj=78. — 
Benzene  'was  originally  obtained  by  Faraday  in  1825  f^om  the 
liquid  produced  by  the  compression  of  oil-gas^  and  -was  named 
bicarburet  of  hydrogen ;  subsequently  Mitscberlich  found  that  the 
liquid  obtained  by  distilling  benzoic  acid  with  an  excess  of  lime 
contained  the  same  body^  and  he  named  it  benzine* 

Benzene  is  produced  in  a  very  large  number  of  reactions  : 
thus  it  is  formed  amongst  other  products  when  acetylene  is  heated 
to  about  the  temperature  at  which  glass  softens  (Berthelot) -: 
3C2H3=CgHj.  The  higher  homologues  of  benzene,  and  a  number 
of  hydrocarbons,  such  as  naphthalene  and  anthracene,  also  yield 
benzene,  together  with  other  products,  when  heated  to  red- 
ness either  alone  or  mixed  with  hydrogen  (Berthelot).  When 
phenol,  CjHg.OH,  is  passed  over  strongly  heated  zinc  dust,  benzene 
is  obtained  (Baeyer)  :  CgHg04-Zn=CgHg  +  ZnO.  Pure  benzene 
may  be  prepared  by  carefuUy  distilling  benzoic  acid  with  calcic  hy- 
drate at  a  dull  red  heat:  C^Hg03+ Ca(0H)g=CgH^  +  CaC08  +  OH,; 


*  The  substances  which  are  now  largely  sold  under  the  names  of  benzine  and 
henzoline  are  chiefly  mixtures  of  paraflins  and  do  not  contain  benzene.     | 
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and  similarly  all  the  benzene-carboapylic  acids^  represented  by  the 
formula  CgHg_n(COOH)a,  famish  benzene  Mrhen  distilled  with 
calcic  hydrate. 

On  the  large  scale^  however^  benzene  is  always  prepared  from 
the  portion  of  coal-tar  oil  boiling  below  100°  (212°  F.)  in  the 
following  manner : 

The  oil  is  first  agitated  with  dilute  salphnric  acid,  then  with  water,  and 
finally  with  milk  of  lime,  or  a  solution  of  sodio  hjdrate,  in  order  to  remove  all 
the  substances  of  basic  and  acid  properties  it  may  contain.  In  order  to  separate 
hydrocarbons  of  the  CnH^n  and  CnH^n-s  wries  which  are  always  present,  it  is 
next  digested  on  the  water-bath  with  about  ^V  ^^  i^  weight  of  concentrated 
sulphuric  acid  for  8  to  10  hours  in  a  flask  attached  to  an  inverted  condenser; 
separated  from  the  blackened  acid  mass,  washed  with  a  small  quantity  of  water, 
and  similarly  treated  a  second  or  even  a  third  time  :  until,  in  fact,  the  liquid  is 
no  longer  coloured  by  the  action  of  the  acid.  It  is  then  submitted  to  firactional 
distillation,  collecting  apart  the  portion  boiling  below  90°  (194°  ^•)$  in  order  to 
separate  the  homologous  hydrocarbons ;  this  distillate  is  cooled  to  a  low  tempera- 
ture by  a  mixture  of  ice  and  salt :  the  benzene  then  crystallizes  out,  whilst  the 
other  hydrocarbons  remain  liquid,  and  may  for  the  greater  part  be  removed  by 
draining  the  crystals  on  a  vacuum-filter.  If  the  benzene  is  required  pure,  these 
should  be  melted  and  recrystallized  two  or  three  times,  carefully  draining  off  the 
mother  liquor. 

Properties  of  Benzene. — It  is  a  colourless,  very  limpid,  strongly 
refracting  liquid,  of  a  peculiar  and  rather  agreeable  odour.  Its 
specific  gravity  at  o*^  (32°  F.)  is  0*8995.  It  solidifies,  on  cooling, 
to  a  brilliant  white  mass  of  fern-like  tufts,  which  melt  at  5^*5 
(4i°'9  F).  Benzene  boils  at  80^*5  {ij^^'g  F.),  and  emits  an 
extremely  inflammable  vapour,  which  bums  with  a  highly  luminous 
but  very  smoky  flame.  It  is  not  appreciably  soluble  in  water, 
but  is  freely  soluble  in  alcohol,  ether,  acetone,  oil  of  turpentine, 
and  many  other  media.  It  dissolves  entirely  if  heated  at  looP 
(212°  F.)  for  a  few  hours  with  4  or  5  times  its  bulk  of  sulphuric 
acid,  forming  a  colourless  liquid  if  the  benzene  is  quite  pure. 
When  hot  it  dissolves  sulphur,  phosphorus,  and  iodine ;  it  is  also 
an  excellent  solvent  for  caoutchouc  and  gutta-percha,  and  on 
evaporation  it  leaves  them  with  their  peculiar  physical  characters 
unaltered.  It  also  dissolves  wax  and  fatty  bodies  with  facility ; 
whilst  its  solvent  power  for  fats  and  oils  enables  it  to  be  used  with 
advantage  for  removing  grease  stains  from  articles  of  silk  or  wool. 
As  most  colloid  substances  are  insoluble  in  benzene,  it  is  of  great 
^jae  in  the  chemical  laboratory  for  purifying  crystalline  substances 
from  the  small  quantities  of  colouring  matters,  &c.,  which  often 
obstinately  adhere  to  them. 

When  the  vapour  of  benzene  is  passed  through  a  tube  heated 
to  bright   redness,    diphenyly    C^gH^Q,  is   produced    (Berthelot), 
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together  with  hydrogen,  paradiphenylbenzene,  €^114(0^115)2,  an 
isomeric  body  which  is  probably  orthodiphenylbenzene,  and  small 
quantities  of  other  hydrocarbons  of  unknown  composition  (Schultz, 
Ann.  Chem.  Pharm.,  clxxiv.  228).  According  to  Berthelot,  a 
mixture  of  benzene  vapour  and  ethylene  passed  through  a  red-hot 
tube  yields  cinnamene,  CgHg,  naphthalene,  Cj^Hg,  acenaphthene, 
CjjjHjy  anthracene,  C^^H^q,  and  hydrogen. 

Berthelot  also  states  that  benzene  is  not  attacked  by  sodium ; 
when  it  is  heated  to  about  250°  (482°  F.)  with  potassium,  however, 
a  black  mass  is  obtained,  which  is  highly  explosive,  and  is  violently 
decomposed  by  water  (Abeljanz,  Dent,  chem.  Ges,  Ber.,  v.  1027). 

When  oxidized  by  the  ordinary  reagents,  benzene  does  not 
furnish  compounds  containing  the  sanne  number  of  carbon  atoms, 
but  is  more  or  less  completely  converted  into  carbonic  anhydride 
and  water.  By  the  action  of  chromic  chloride,  CrO^Cl^^  on  a 
solution  of  benzene  in  glacial  acetic  acid,  however,  Irichloro- 
guinone  is  produced  (Carstanjen) : 

CgH^,     +     4Cr03Cl3     =     CjHCljOj     +     2Cr,08     +     5HCI. 

Beniene.  Chromic  ohlorido.  Trichloroqainone. 

When  oxidized  by  manganic  peroxide  and  sulphuric  acid,  benzene 
furnishes,  together  with  formic  acid,  carbonic  anhydride  and 
water,  small  quantities  of  benzoic  acid,  C^Hj-COOH,  phthalic  acid, 
CjH4(COOH)2  (Carius,  Zeits.  Chem.  [2],  iv.  505),  and  the  isomeric 
terephthalic  acid  (Oudemanns,  ibid.  v.  84).  The  formation  of 
these  acids  has  been  shown  to  be  the  result  of  the  simultaneous 
oxidation  of  benzene  and  the  formic  add  generated  by  the  oxida- 
tion of  a  portion  of  the  benzene,  thus  : 

CgHg  +   HCOOH  +  O  =  C.Hg.COOH  +  OH,. 

Benzene.  Foimic  idd.  Benxoio  eoicl. 

C,H5.C00H  +   HCOOH  +  O  =  C,H^(COOH),  +   OH^ 

Benzoic  add.  Formic  add.  Phthalic  acid. 

According  to  Berthelot,  benzene  is  almost  wholly  converted 
into  hexane,  C^H^^  when  heated  for  twenty-four  hours  to  280° 
(536°  F.)  with  80  parts  of  a  saturated  solution  of  hydriodic  acid. 
Baeyer  states  that  when  benzene  is  heated  with  dry  hydriodic 
acid  gas  even  to  350°  (662°  F.),  it  is  not  aflFected.  In  the  dark, 
or  in  diffused  light,  chlorine  in  presence  of  iodine  and  bromine 
both  act  slowly  on  benzene,  at  the  ordinary  temperature,  and 
more  rapidly  on  heating,  producing  mono-,  di-,  and  even  tri- 
chloro-  and  bromo-benzenes.  The  action  of  bromine  at  a  high 
temperature  gives  rise   to  tetra-  and  penta-bromobenzenes  (see 
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Haloid  derivatives  of  benzene).  Iodine  alone  has  no  action  on 
benzensj  but  when  a  mixture  of  benzene  with  iodine  tfnd  iodic 
acid  is  heated^  iodobenzenes  are  formed.  If^  however^  a  mixture 
of  benzene  and  chlorine  or  bromine  is  exposed  to  bright  sunshine 
instead  of  diffused  daylight^  compounds  of  these  elements  with 
benzene  are  obtained :  the  bodies  C^H^Clg  (benzene  hexachloride, 
or  hexachhrohexylene)  and  CgH^Br^  are  readily  separated,  but  the 
intermediate  compounds  CgH^Cly  C^HgCl^  CgH^Brg  and  CgH^Br^ 
which  without  doubt  are  simultaneously  produced,  cannot  be 
isolated  on  account  of  their  instability.  Although  benzene  is 
not  in  the  least  acted  on  by  the  haloid  acids,  it  unites  with  hypo- 
chlorous  acid,  forming  the  compound  CqH0C13(OH)3,  the  so-called 
tricklorhydrin  of  phenose.  fiy  the  action  of  chlorous  acid  on 
benzene  the  so-called  tricfdorophenomalic  acid  is  produced, 
together  with  chlorobenzene  and  dichloroquinone  (Carius,  Ann. 
Chem.  Pharm.y  cxlii.  129) : 

C,H,  +  3HaO,  =   C^H^CljO,  +   OH^ 

Benzene.  Chloroos  add.  Trichloropheno- 

nudicadd. 

By  the  action  of  concentrated  nitric  acid,  benzene  is  readily 
couTerted  into  nitrobenzene,  C^Hg.NOj ;  which,  by  the  further 
action  of  the  acid,  becomes  dinitrobenzene,  CQ}i^{iiO^)y  Ben- 
zene, when  warmed  with  concentrated  sulphuric  acid,  furnishes 
benzenesulphordc  acid,  C^Hg.SOjH  ;  and  the  same  acid  is  formed 
together  with  benzenemlphonic  chloride,  C^H^.SOfil,  and  benzene- 
sulphone  or  sulphobenzid,  {CJi^)JSO^  by  the  action  of  chlorhydric 
sulphate,  SOjjCl.OH,  on  benzene.  Sulphuric  anhydride  converts 
benzene  into  benzenesulphonic  acid  and  benzenesulphone.  When 
heated  with  sulphuric  chloride,  SO^Clg,  to  150°  (30^°  F.),  benzene 
is  converted  into  moTiochlorobenzene  : 

SOjClg  -h   C.Hg  =  SOj  -h  C.H^Cl   -h   HCl. 

Constitution  of  Benzene. — ^Benzene  behaves  in  the  majority  of 
cases  as  a  saturated  compound,  inasmuch  as  it  tends  always  to 
form  substitution  derivatives ;  and  when  additive  compounds  are 
formed  it  unites  with  at  most  siof  atoms  of  a  monad.  Kekul^  in 
1 865  was  the  first  to  propose  a  consistent  theory  to  account  for 
this  peculiar  behaviour  of  1)enzene.  He  supposed  that  the  six 
atoms  of  carbon  are  united  alternately  by  one  and  two  affinities 
of  each,  so  as  to  form  a  closed  chain,  and  that  the  remaining 
affinity  of  each  carbon  atom  is  saturated  with  hydrogen ;  this 
may  be  indicated  by  the  following  diagram : 
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In  the  additive  compounds^  formed  by  the  addition  of  six  monad 
atoms  to  benzene^  the  carbon  atoms  are  united  by  single  affinities^ 
but  the  closed  chain  is  preserved ;  thus  : 

H       H 

ci-Vj — (!u-ci 
ciA         /^ci 

Cl-^p (j^CI 

H  H 
The  hypothesis  that  the  six  atoms  of  hydrogen  are  of  equal 
'  value  was  also  adopted  as  the  simplest  and  most  probable^  and 
this  has  since  been  abundantly  justified  by  the  fact  that  no 
isomeric  mono-substitution  derivatives  have  been  obtained  from 
benzene.  Several  isomeric  modifications  of  the  higher  substitution 
derivatives  were  known  to  exist  however,  and  Kekule  explained  this 
in  a  very  simple  manner  by  supposing  the  phenomena  to  be  due 
to  a  difference  in  the  relative  positions  of  the  substituting  radicles. 
Thus,  if  for  convenience  of  reference  the  six  atoms  of  carbon  are 
indicated  respectively  by  the  figures  i,  a,  3,  4/5  and  6,  and  we 
suppose  that  in  monobromobenzene,  for  example,  the  bromine 
occupies  the  position  i,  then  according  as  a  second  atom  of  the 
bromine  is  introduced  in  the  position  7,,  3,  or  4,  we  obtain  three 
dibromobenzenes,  in  which  the  bromine  atoms  occupy  relatively 
different  positions : 

Br  Br  Br 

C  C  C 

/^V  /^\  /^\ 

HCe         aCBr  HCe         aCH  HCe         «CH 


HC»         sCH 

\6^ 

HCe         sCBr 

HCe         sCH 

H 
Br  :  Br  =   i  :  ^ 

H 
Br  :  Br  =   1  :  3 

Br 
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Kekiile  supposed  that  the  positions  5  and  6  were  relatively  identical 
with  2  and  3,  and  therefore  that  only  three  isomeric  di-derivatives 
of  benzene  were  possible.*  It  has,  however,  been  urged  that  in 
this  scheme  the  positions  %  and  6  cannot  be  identical,  because  in 
the  one  case  the  two  carbon  atoms  (1  and  2)  are  united  by  double 
aflSnities  and  in  the  other  (i  and  6)  by  single  affinities,  and  that 
accordingly /our  isomeric  di-derivatives  should  exist ;  but  inasmuch 
as  only  three  have  ever  been  obtained,  it  has  therefore  been  pro- 
posed to  slightly  modify  Kekul^'s  hypothesis,  and  to  suppose 
that  each  atom  of  carbon  is  in  direct  union  with  three  other 

carbon  atoms,  somewhat  in  the  manner  indicated  by  the  diagram : 

/ 
H 

mi 


All  other  facts  with  regard  to  oenzene  are  capable  of  expres- 
sion by  this  formula,  and  the  impression  is  gaining  ground  that 
it  merits  the  preference  over  that  originally  proposed  by  Kekulfi 
as  a  graphic  representation  of  the  known  reactions  of  benzene. 
(See  Summary  of  the  Action  of  Reagents  on  Benzene.)  What* 
ever  hypothesis  we  accept  as  to  the  mode  of  union  of  the 
carbon  atoms  in  benzene,  however,  Kekule's  original  explanation 
of  the  cause  of  isomerism  among  the  benzene  derivatives  still 
holds  good.  Moreover,  the  constitution  of  the  isomeric  benzene 
derivatives  may  be  conveniently  expressed  graphically,  without 
reference  to  the  constitution  of  benzene  itself,  by  the  employ- 
ment of  a  simple  hexagon  to  represent  benzene,  the  substituting 
radicles  merely  being  written  at  the  corners  in  their  appropriate 
positions,  thus : 

Br  Br  Br  Br 


0 


Monohromobenxene.  Dlbiomobenieiiei. 


*  Kekal^  has  dLscuBsed  at  length  the  reasons  which  lead  him  to  regard  the 
positions  2  and  6  as  identical ;  and  an  account  of  his  views  will  be  found  in 
Watts'  "  Dictionary  of  Chemistry,"  Second  Supplement,  p.  132.        ^  . 
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Determination  of  the  Constitution  of  Benzene  Derivatives, — 
Kekule's  explanation  of  isomerism  has  not  only  been  almost  uni- 
versally accepted^  but  much  attention  has  been  devoted  by 
chemists  for  several  years  past  to  the  determination  of  the  rela- 
tive positions  which  the  radicles  occupy  in  the  various  substitu- 
tion derivatives  of  benzene. 

Obviously^  it  would  appear  to  be  a  simple  matter  to  arrange 
all  the  derivatives  in  which  substitution  has  taken  place  to  the 
same  degree  in  groups^  in  such  a  manner  that  each  group  shall 
.only  contain  substances  which  are  convertible  either  into  one  an- 
other, or  into  a  third  body  in  which  substitution  has  also  taken 
place  to  the  same  degree,  provided  that  in  the  formation  of  the 
one  from  the  other,  isomeric  change,  or  change  of  position  of  the 
radicles,  has  not  taken  place.  These  substances  may  all  be  re- 
garded as  members  of  one  group ;  and  if  the  constitution  of  any 
one  member  of  such  a  group  can  be  determined,  it  is  clear  that 
we  are  then  in  a  position  to  infer  that  of  the  other  members. 
Notwithst^ding  the  apparent  simplicity  of  the  problem,  chemists 
long  differed  greatly  as  to  the  arrangement  of  the  various  ben- 
zene derivatives  in  groups  of  similarly  constituted  bodies,  and 
have  only  recently  arrived  at  a  satisfactory  result.  The  problem 
of  the  determination  of  the  constitution  of  the  members  of  the 
various  groups,  which  it  need  scarcely  be  said  is  far  more  difficult, 
has  also  given  rise  to  much  discussion. 

According  to  Kekule's  hypothesis,  as  above  stated,  although 
isomeric  mono-derivatives  of  benzene  cannot  exist,  the  di-deri- 
vatives  are  capable  of  existing  in  three  isomeric  modifications  ; 
and  the  experimental  results  hitherto  obtained  are  in  complete 
accordance  with  theory  in  this  respect.  It  has  been  very 
generally  the  custom  to  refer  the  di-derivatives  of  benzene  to 
the  three  isomeric  benzenedicarboxylic  acids:  Phthalic  acid, 
Isophthalic  acid  and  Terephthaiic  acid,  which  are  formed  from 
benzene  by  the  displacement  of  two  hydrogen  atoms  by  two  of 
the  monad  groups  (CO.OH),  because  the  constitution  of  these 
compounds  first  came  under  discussion.  Phthalic  acid  is  obtained 
by  the  oxidation  of  naphthalene,  C^q  Hg,  and  as  Graebe's  researches 
have  shown  that » this  "hydrocarbon  may  be  regarded  as  com- 
posed of  two  benzene-nuclei  having  two  atoms  of  carbon  in 
common ;  and  as,  moreover,  he  considered  that  these  two  atoms 
common  to  the  two  nuclei  were  contiguous,  he  was  necessarily 
led  to  the  conclusion  that  the  carboxyl  groups  in  phthalic  acid 
were  also  contiguous,  and  graphically  represented  naphthalene  and 
phthalic  acid  by  the  following  diagrams : 
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H        H  ^ 

H-C  C  C— H        H-C  C-COOH 

H-C  <6.         ^C— H        H-C.  .C— COOH 

\/  V        \/ 

1'  I  I 

H  H  H 

Naphthalene.  Fhthalic  add. 

This  conclusion  as  to  the  constitution  of  phthalic  acid  was 
strengthened  by  the   observation  that  phthalic  acid  is  readily 

converted   into  phthalic  anhydride,  C^H^  \  p^  >  O,  whilst  the 

isomeric  acids  do  not  yield  anhydrides^  it  being  supposed  that 
contiguity  of  the  carboxyl  groups^  if  not  absolutely  essential,  was 
at  least  likely  to  favour  the  formation  of  an  anhydride. 

Isophthalic  acid  is  formed  by  the  oxidatipn  of  the  modification 
of  dimethylbenzene  known  as  isoxytene,  and  this  latter  is  obtained 
by  distilling  a.  mixture  of  calcic  hydrate  with  the  so-called  mesi- 
tylenic  acid,  C^Hg  (CHg)2.C00H,  formed  by  oxidation  of  mesity- 
lene.  Mesitylene  is  a  trimethylbenzene  which  is  obtained  from 
acetone,  CHj.CO.CH3,  by  the  action  of  sulphuric  acid ;  3  mole- 
cules  of  acetone  losing  the  elements  of  3  molecules  of  water, 
and  uniting  to  form  a  molecule  of  mesitylene : 
3C,H,0  =  C,H„  +  3OH,. 
Baeyer  pointed  out  that  .if  it  be  supposed  that  two  atoms  of 
hydrogen  are  split  off  from  one  of  the  methyl  groups  of  each 
molecule  of  acetone  together  with  oxygen,  and  that  the  residues 
coalesce,  a  trimethylbenzene  would  be  formed  in  which  the  three 
methyl-groups  are  symmetrically  disposed,  thus : 

^  ^  CH8.CO.CH3  -  OH3     =     CH3.C.CH. 

Acetone. 

H 

/\ 

C  CH.C    •        CCH. 

0)  /V     =  II       I 

3CH3.C  HC  CH 

\^ 

CH, 

llealtjrlene.        ^^  , 
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If  this  hypothesis  be  correct  it  will  readily  be  seen  that  which- 
ever of  these  methyl-groups  is  oxidized  to  carboxyl,  a  dimethyl- 
benzenecarboxylic  acid  must  be  obtained  in  which  the  methyl- 
groups  are  relatively  in  the  position  i  :  3.  The  dimethylbenzene 
obtained  from  this  acid  must  also  have  the  same  constitution^ 
and  on  oxidation  will  yield  an  acid  in  which  the  carboxyl-groups 
are  in  the  position  i  :  3,  thus : 


CH3 

HC     CH 


CH, 

y  \ 

HC     CH 


COOH 
HC     CH 


COOHC 


CCH.   HC 


CCH,   HC 


CCOOH 


H 

Mesitylenic  add. 


H 

Uozylene. 


H 

iMphthAlk  add. 


The  position  of  the  carboxyl-groups  in  phthalic  acid  being 
I  :  2,  and  in  isophthalic  acid  i  :  3^  it  necessarily  follows  that  in 
terephthalic  acid  they  are  as  i  :  4.  All  di-derivatives  of  benzene 
which  belong  to  the  same  group  as  phthalic  acid  may  then  be 
supposed  to  have  the  substituting  radicles  in  the  position  1:2; 
those  which  belong  to  the  isophthalic  group  in  the  position  1:3; 
and  finally  those  which  belong  to  the  terephthalic  group  in  the 
position  I  :  4.  Chemists  are  now  very  generally  agreed  in  assigning 
the  arbitrary  prefix  ortho  to  the  i  :  2  derivatives ;  to  the  i  :  3 
derivatives  the  term  meta ;  whilst  the  i  :  4  derivatives  are  called 
^ara-derivatives^  although  up  to  within  a  recent  period  these 
terms  have  been  very  indiscriminately  employed.  It  is  very 
convenient  also^  in  describing  the  constitution  of  the  benzene 
derivatives^  to  speak  of  the  positions  2  and  6  as  the  or/Ao-positions ; 
the  positions  3  and  5  as  the  m^^a-positions ;  and  the  position  4  as 
the  para-position :  it  being  understood  that  this  is  relatively  to 
the  position  1. 


(Ortbo-podtloiL) 


(Qrtho-poBitton.) 


(Meta-position.)  |ff  aJ    (Meto-podtton.) 

(Fara-poHition.) 
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Komer  has  recently  raised  an  objection  to  the  hypothesis  on 
which  the  determination  of  the  constitution  of  phthalic  acid 
rests :  that  the  proof  does  not  hold  good  unless  we  assume  that 
the  two  atoms  of  carbon  in  naphthalene  common  to  the  two 
benaene-nuclei  are  contiguous.  There  is  no  cogent  reason  why 
these  should  not  be  regarded  as  occupying  the  relative  position  i :  3, 
or  I  :  4^  and  if  such  were  the  case  phthalic  acid  would  have  a 
different  constitution  to  that  assigned  to  it  by  Graebe.  He  has 
also  pointed  out  that  the  inference  that  mesitylene  is  a  symme- 
trically constituted  trimethylbenzene  is  scarcely  admissible^  since 
the  application  of  a  similar  process  of  reasoning  in  a  perfectly 
parallel  case  leads  to  a  conclusion  which  is  known  to  be  false. 
Thus,  when  benzene  hexabromide  C^H^Br^,  is  treated  with  potassic 
hydrate,  it  is  very  readily  resolved  into  a  tribromobenzene, 
CgHjBrg.  There  can  be  no  doubt  that  the  six  atoms  of  bromine 
in  the  hexabromide  are  symmetrically  distributed,  and  adopting 
a  similar  hypothesis  to  that  of  Baeyer,  it  would  appear  most 
probable  that  the  three  molecules  of  hydrobromic  add  are 
removed  in  such  a  manner  as  to  furnish  a  symmetrical  tribromo- 
benzene j  thus: 

HBr  Br 

/"\  /\ 

BrHC  CHBr  HC  CH 


1  I  -     3HBr     = 

BrHC  CHBr  BrC  CBr 

HBr  H 

Beoxene  hexabromide.  Tribromobenzena. 

Komer  has  shown,  however,  that  the  tribromobenzene  which  is 
formed  has  the  bromine  atoms  relatively  in  the  positions  1:2:4. 
It  is  therefore  not  impossible  that,  in  the  formation  of  mesitylene 
from  acetone,  isomeric  change  may  have  occurred,  especially  as 
the  reaction  takes  place  at  a  comparatively  high  temperature, 
and  under  the  influence  of  an  extremely  powerful  reagent. 

In  face  of  these  very  legitimate  objections,  Korner  has 
sought  to  determine  the  constitution  of  the  di-derivatives  of 
benzene  entirely  without  the  aid  of  substances  containing  a 
^eater  number  of  carbon  atoms  than  benzene.  The  method 
which  he  has  employed  is  to  convert  the  three  isomeric  dibromo- 
benzenes  into  tribromobenzenes.  The  six  atoms  of  hydrogen  in 
benzene  being  of  equal  value,  only  three  isomeric  modifications  of 
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tribromobenzene  can  exist — namely,  1:2:3,  1:2:4,  and 
1:3:5,  but  as  will  be  evident  on  inspection  of  the  accompany- 
ing figures,  the  modification  of  dibromobenzene  in  which  the 
bromine  atoms  are  in  the  position  i  :  2  may  give  rise  to  the  for- 
mation of  two  of  the  three  possible  tribromobenzenes ;  the  modi- 
fication I  :  3  can,  however,  furnish  three  tribromobenzenes; 
whilst  only  one  tribromobenzene  can  be  obtained  firom  the  modi- 
fication 1:4: 

Br  Br  Br 


1 :  2 


J-3 

Dibromobenxones. 


Or  in  other  words,  one  of  the  tribromobenzenes  (the  modifi- 
cation 1:3:5)  can  only  be  obtained  from  the  i  :  3  modification 
of  dibromobenzene;  whereas  a  second  tribromobenzene  (1:2:3) 
can  be  obtained  from  the  1  :  2  and  t  :  3  modifications  of  dibro- 
mobenzene, and  the  third  tribromobenzene  (1:2:4)  can  be 
obtained  from  each  of  the  three  modifications  of  dibromobenzene. 
Komer  finds  that  the  tribromobenzene  from  benzene  hexabromide 
can  be  formed  from  each  of  the  three  dibromobenzenes,  and 
concludes  therefore  that  it  has  the  constitution  1:2:4;  the 
tribromobenzene  obtained  by  displacing  the  NH^  group  in 
ordinary  tribromaniline,  C^HjBrj.NHj,  by  hydrogen  is  only 
procurable  from  one  of  the  dibromobenzenes,  and  the  conclusion 
is  obvious  that  it  has  the  constitution  1:3:5,  and  that  the 
dibromobenzene  fipom  which  it  may  be  derived  is  1:3;  the 
third  tribromobenzene  can  be  prepared  &om  two  of  the  dibromo- 
benzenes, and  its  constitution  is  therefore  1:2:3,  and  since  it 
is  known  which  of  these  dibromobenzenes  is  the  1  :  3  modifica- 
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tion^  it  follows  that  the  other  is  the  i  :  2,  and  also  that  the 
lemaiiiiiig  dibromobenzene  is  the  t  :  4  modification^ 

The  I  :  4  modification^  or  jvoro-dibromobenzene^  is  the  crys- 
talline dibromobenzene  produced  by  the  action  of  bromine  on 
benzene ;  the  i  :  3  modification^  or  me/a-dibromobenzene,  is 
formed  by  displacing  the  NH,  group  in  ordinary  dibromaniline^ 
CgHgBrj.NHj,,  by  hydrogen,  and  is  liquid ;  the  i  :  2  modification, 
or  or/Ao-dibromobenzene,  which  is  also  liquid,  is  formed  in  small 
quantity  together  with  paradibromobenzene  by  the  action  of 
bromine  on  benzene. 

On  displacing  the  bromine  in  paradibromobenzene  by  methyl, 
by  the  action  of  methyl  iodide  and  sodium  : 

C.H.Br,  +   2CH,I  +   4Na    =     C,H,(CH,),  +    2NaI  +   2NaBr, 
Faradibromobensene.  FarMUmethylbenzeDe. 

and  oxidizing  the  resulting  dimethylbenzene,  terepJUhcUic  acid  is 
obtained.  Similarly,  metadibromobenzene .  furnishes  the  ethylic 
ether  of  isophthalic  acid  when  acted  upon  with  ethylic  chloro- 
carbonate  and  sodium : 

C,H^Br,  +  2aC0.0C,H,  +  4Na>  C,H^(CO.OC,H,),  +  2NaBr  +  2NaCl. 
Metadibromobenzene.  Ethylic  Isophtbalftte. 

Komer's  researches  therefore  confirm  the  previous  conclusions  as 
to  the  constitution  of  the  benzenedicarboxylic  acids. 

With  regard  to  the  number  of  isomeric  modifications  of  the 
higher  substitution  deriyatiyes  of  benzene,  it  has  already  been 
pointed  out  that  only  three  tri-derivatives  can  exist,  supposing  the 
substituting  radicles  to  be  the  same ;  but  if  two  different  radicles 
are  introduced,  no  less  than  six  modifications  are  possible :  for 
example,  theoretically  only  one  nitrodibromobenzene  can  be  ob- 
tained from  paradibromobenzene,  but  orthodibromobenzene  can 
furnish  two  and  metadibromobenzene  three  nitrodibromobenzenes, 
viz.: 

Paradibromobenzene  \  Nitroparadibromobenzene  r:PJO,  :Br 

{01:2:3 
r  :  Ur :  NO, 
&    I  :  3  :  4 
c    1:3:5 


Br  •  Br 
Orthodibromobenzene  Nitrorthodibromobenzene 

I   :   2 


{a  I  :  2  :  3 
61:2:4 


"When  three  dissimilar  radicles  are  introduced,  howevei;,  no  less 
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than  ten  isomeric  modifications  become  possible.  In  the  case  of 
the  tetra-derivatiyes^  when  all  the  radicles  are  the  same^  only  three 
modifications  can  be  produced — yiz.^  j  :  2  :  3  :  4,  1:2:4:5^ 
and  1  :  3  :  4  :  5 ;  but  when  two  or  more  dissimilar  radicles  are 
present^  a  far  greater  number  of  isomerides  are  possible.  Isomeric 
penta-  and  hexa-derivatives  of  benzene  cannot  exist  according  to 
Kekull's  hypothesis. 

Experimental  Evidence  of  the  Constitution  of  Benzene. — 
Kekule^s  hypothesis  involves  the  assumption  that  the  six  atoms 
of  hydrogen  in  benzene  are  of  equal  value ;  but^  supposing  one  of 
them  to  be  displaced^  the  remaining  five  are  of  different  value 
relatively  to  the  radicle  introduced  :  of  these  five^  two  pairs  bear 
respectively  similar  relations  to  the  radicle^  whilst  there  is  no 
second  atom  of  hydrogen  corresponding  with  the  fifth  (that  in 
the  so-called  para-position).  Thus,  on  inspection  of  the  following 
figure  representing  phenol,  CgHg.OH,  it  will  be  seen  that  the 
pair  of  hydrogen  atoms  marked  2  and  6  are  similarly  situated  as 
regards  the  OH  group,  and  that  a  second  pair  exists  (3  and  5) 
also  similarly  related  to  the  OH  group,  although  the  relation  of 
the  first  and  second  pairs  to  the  OH  group  is  different : 


Recent  researches  show,  moreover,  that  these  assumptions  are 
strictly  in  accordance  with  facts.  It  has  already  been  mentioned 
that  the  existence  of  isomeric  mono-derivatives  of  benzene  has 
never  been  demonstrated,  but  it  is  of  especial  importance  to  note 
that  all  direct  attempts  to  prepare  them  have  &iled.  Thus 
Huebner  and  Alsberg  {Ann.  Chem.  Pharm.y  clvi.  308)  have  shown 
that  both  the  bromonitrobenzenes,  CgH^Br.NOg,  obtained  by 
the  action  of  nitri6  acid  on  bromobenzene,  CgHjBr,  yield  the 
same  amidobenzene  or  aniline,  CgHg.NHg,  when  they  are 
reduced  to  bromanilines,  and  the  bromine  is  displaced  by  hy- 
drogen ;  and  that  this  aniline  is  identical  with  that  from  nitro- 
benzene,  C^Hg.NOg.  Even  if,  as  is  probable,  the  same  atom  of 
hydrogen  in  benzene  is  displaced,  whether  it  be  acted  on  with 
bromine  or  nitric  acid,  there  can  be  no  doubt  that  diffident  atoms 
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of  hydrogen  are  displaced  by  the  NO^  group  in  the  formation  of 
nitrobenzene^  and  of  the  two  nitrobromobenzenes  from  bromo- 
benzene;  bnt  as  the  anilines  from  these  three  sources  are 
identical^  it  may  be  concluded  with  certainty  that  at  least  three 
of  the  hydrogen  atoms  in  benzene  are  of  the  same  value^  and  that 
the  others  also  probably  are^  since  it  is  extremely  unlikely  according 
to  our  experience  that^  if  this  were  not  the  case>  identical  substances 
would  be  obtained  in  the  three  instances  above  described ;  thus 
it  will  be  recollected  that  in  the  case  of  the  normal  paraffins^  in 
which  we  regard  the  hydrogen  atoms  as  not  all  relatively  of  the 
same  value,  isomeric  monochlorinated  derivatives  are  obtained  by 
the  action  of  chlorine  (p.  149). 

The  following  experiments  may  be  regarded  as  affording 
decisive  proof  of  the  existence  of  pairs  of  hydrogen  atoms  of  equal 
value.  According  to  Huebner  and  Petermann  {ibid,  cxlix.  129), 
when  metabromobenzoic  acid  is  nitrated,  two  isomeric  orthonitro^ 
metabromobenzoic  adds  are  obtained  both  of  which  yield  orth- 
anUdobenzoic  acid  on  reduction,  thus  proving  that  two  of  the  atoms 
of  hydrogen  in  benzoic  acid  are  symmetrically  situated  relatively 
to  the  COOH  group,  and  that  therefore  in  the  language  of 
Kekule's  hypothesis,  the  positions  i  :  2  and  i  :  6  are  identical. 
This  will  perhaps  be  better  understood  on  reference  to  the  fol- 
lowing figures : 


COOH 


COOH 


COOH 


lUtabromo-     A-Nitrometabromo-     ^-Nitrometebromo- 
iMozoio  acid.        benxoio  add.  benxoio  add. 


Orthamidobenzoio      Orthamldobenzolo 

acid  f^om  a^Nitro-     add  from  0-Nitro- 

acid.  acldl 


A  proof  of  the  existence  of  a  second  pair  of  similarly  related 
hydrogen  atoms  is  given  by  Wroblevsky's  recent  experiments 
{Deut.  chem.  Ges.  Ber.,  viii.  573).  He  has  shown  that  by  the 
action  of  bromine  on  the  acetyl-derivative  of  paramidotoluene  (Fig. 
I.  p.  272),  the  corresponding  derivative  of  a  bromoparamidotoluene 
is  obtained,  which  furnishes  metabromotoltiene  (Fig.  11.),  when  the 
amido-group,  NH^,  is  displaced  by  hydrogen.  Starting  with 
this  metabromoparamidotoluene  (Fig.  iii.),  he  has  successively 
converted  it  into  nitrobromamidotoluene  (Fig.  iv.),  nitrobromo- 
toluene  (Fig.  v.),  amidobromotoluene  (Fig.  vi.),  and  amidotoluene 
(Pig.  VII.) ;  the  amidotoluene  thus  produced  was  found  to  be 
metamidotoluene,   and    to   furnish   metabromotoluene   fEg.  viii.), 
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when  bromine  was  introduced  in  place  of  the  NHg  group.  The 
course  of  this  somewhat  complex  series  of  re^tions,  and  the 
nature  of  the  proof  of  the  existence  of  the  meta-position  twice 
which  it  affords^  will  be  evident  on  inspection  of  the  following 
figures : 


CHg  CHg  (^Hg  CHj 


NHi      JBr      NHg 


VI.  VII.  VIII. 


The  existence  of  two  pairs  of  atoms  of  hydrogen  respectively 
of  equal  value  as  regards  the  radicle  in  any  given  mono-derivative 
of  benzene  having  been  experimentally  demonstrated^  it  may  also 
be  proved  by  experimental  evidence^  as  Ladenburg  has  shown 
{ibid.  vii.  1684)^  that  the  six  atoms  of  hydrogen  in  benzene  are 
of  equal  value.  The  proof  in  question  is  based  on  the  following 
propositions : 

I.  The  carboxyl-group in  benzoic  acid,  CgHg.COOH,  displaces 
the  same  hydrogen  atom,  a,  as  the  hydroxyl-group  in  phenol, 
CjHg.OH,  since  phenol  may  be  converted  by  the  action  of  phos- 
phoric bromide  into  bromobenzene,  C^HgBr,  which  furnishes 
benzoic  acid  on  treatment  with  carbonic  anhydride  and  sodium : 

CgHgBr  +  2Na  +  COj  =   C^Hg.COONa  +  NaBr. 

Bromobenzene.  Sodio  benzoate. 

a.  In  the  three  oxybenzoic  acids,  C^H^.OH.COOH,  the  OH 
group  displaces  three  hydrogen  atoms,  b,  c,  and  d,  different  from 
a  and  from  each  other.  No  other  reasonable  explanation  of  the 
isomerism  amongst  the  three  acids  in  question  can  be  given  than 
by  supposing  that  the  OH  group  in  them  displaces  three  hydrogen 
atoms,  ft,  c  and  d,  differently  placed  relatively  to  a,  and  Beilstein 
has  shown  that  the  benzoic  acid  obtained  by  displacing  the 
OH  group  in  salicylic  and  paraoxybenzoic  acid  by  hydrogen  is 
identical  with  ordinary  benzoic  acid ;  hence  there  can  be  no  doubt 
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that  in  these  acids  the  carboxvl  group  displaces  the  hydrogen 
atom  a.  We  may  infer  that  this  is  also  the  case  with  oxybenzoic 
acid^  from  the  fact  that  it  can  be  procured  from  benzoic  acid  by  a 
variety  of  methods. 

3.  The  phenols  from  the  three  oxybenzoic  acids  are  identical 
amongst  themselves  and  with  ordinary  phenol ;  hence  the  four 
atoms  of  hydrogen,  a,  by  c,  and  d,  in  beuzene  are  of  equal  value. 
Ladenburg  has  himself  proved,  by  carefully  comparing  the  phenols 
from  the  several  sources,  that  they  are  identical. 

4.  Since  the  three  atoms  of  hydrogen,  b,  c,  and  rf,  in  benzoic 
acid  cannot  be  symmetrically  situated  with  reference  to  the 
carboxyl  group  which  has  displaced  a,  (inasmuch  as  otherwise 
three  isomeric  oxybenzoic  acids  could  not  be  obtained  by  their 
displacement  by  OH,)  and  it  has  been  proved  that  there  are  two 
symmetrical  pairs  of  hydrogen  atoms  in  any  given  mono-derivative 
of  benzene,  it  follows  that  there  are  two  atoms  of  hydrogen,  e  and 
/,  by  the  displacement  of  which  by  OH,  oxybenzoic  acids  must  he 
obtained  identical  with  those  already  known.  But  according  to 
Huebner  and  Petermann^s  and  Wroblevsky^s  experiments,  the 
acids  which  would  be  thus  formed  are  salicylic  and  oxybenzoic 
acids,  and  these,  it  need  scarcely  be  said,  would  yield  phenols 
identical  with  those  previously  obtained.  It  can  thus  be  shown 
that  we  may  displace  each  of  the  six  atoms  of  hydrogen  in 
benzene  by  OH,  and  yet  always  obtain  the  same  phenol :  hence 
only  one  phenol  can  exist,  and  moreover  the  six  atoms  of 
hydrogen  in  benzene  are  of  equal  value. 

Ladenburg  has  also  recently  shown  beyond  question  that 
mesitylene  is  a  symmetrically  constituted  trimethylbeuzene.  The 
six  atoms  of  hydrogen  in  benzene  being  of  equal  value,  if  three 
are  displaced  by  methyl  it  will  be  a  matter  of  indiflference  which 
of  the  remaining  three  are  displaced  by  any  given  radicle  if  they 
are  symmetrically  related  to  the  three  methyl-groups ;  but  if 
this  be  not  the  case,  we  may  expect  the  formation  of  isomeric 
substitution  derivatives  of  mesitylene.  Ladenburg,  therefore, 
instituted  the  following  series  of  experiments : — Dinitromesityl^ne, 
CgHjQ(N0g)2,  prepared  by  the  action  of  nitric  acid  on  mesitylene, 
was  reduced  to  amidonitromesiiylene,  CgHjQ(N02)(NHg),  and  the 
acetyl-derivative  of  the  latter  converted  by  nitration  into  acetamido- 
dinitrome^itylene ;  the  amidodiaitromesitylene,  C^YL^(ii0^^i^R^, 
separated  from  this  compound  was  found  to  be  identical  with 
that  obtained  by  reducing  trinitromesitylene,  C^Yi^i^O^^^,  and  to 
furnish  dinitromesitylene  identical  with  that  prepared  directly 
from  mesitylene,  when  the  NHg  group  was  displaced  by  hvdrogeu. 
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Furthermore,  the  nitromesiiylenes,  CgH^^.NOj,  obtained  by  nitrating 
mesitylene,  and  by  displacing  the  NH^  group  in  amidonitro- 
mesitylene  by  hydrogen,  were  proved  to  be  identical,  and  by 
nitrating  the  acetyl-derivative  of  amidomesitylene,  CgH^.NHg, 
from  nitromesitylene,  the  acetyl-derivative  of  an  amidonitro- 
mesitylene  was  obtained,  identical  with  that  from  dinitro- 
mesitylene. 

If  we  suppose  that  the  atoms  of  hydrogen,  which  we  may  call 
a  and  b,  are  displaced  by  the  NO^  group  in  the  dinitromesitylene 
directly  prepared  from  mesitylene,  and  that  the  NOj  group 
which  displaces  b  is  that  which  is  reduced  to  NH^  in  the  forma- 
tion of  amidonitromesitylene,  it  then  follows  that  in  the  amido- 
dinitromesitylene  and  dinitromesitylene  obtained  from  amido- 
nitromesitylene, the  NOg  group  displaces  the  hydrogen  atom  a, 
and  a  third  atom,  which  may  be  called  c.  This  being  the  case, 
the  fact  that  the  nitromesitylene  from  mesitylene  is  identical 
with  that  from  amidonitromesitylene  proves  that  the  hydrogen 
atoms  b  and  c  are  of  equal  value^  because  a  being  displaced  by 
NOg,  the  same  dinitromesitylene  is  obtained  as  when  a  second 
NOg  group  is  introduced  in  place  of  either  b  or  c.  Moreover,  as 
we  have  supposed  that  in  nitromesitylene  from  dinitromesitylene 
the  NOg  group  has  displaced  the  hydrogen  atom  a,  if  in  that 
directly  prepared  from  mesitylene  the  NOg  group  had  displaced 
b  or  c,  the  identity  of  the  nitromesitylene  from  the  two  sources 
would  at  once  prove  that  the  hydrogen  atoms  a  b  and  a  c 
respectively  are  of  equal  value.  But  even  if  the  NOg  group,  in 
the  nitromesitylene  prepared  directly  from  mesitylene,  also  have 
displaced  a,  the  NH^  group  in  the  amidonitromesitylene  formed 
from  it  would  have  displaced  a  also,  and  the  NOg  group  con- 
sequently would  have  displaced  b  or  c.  Since,  however,  this 
amidonitromesitylene,  a  4  or  a  c,  is  identical  with  that,  a  b,  from 
dinitromesitylene,  it  follows  that  the  three  atoms  of  hydrogen  in 
mesitylene  belonging  to  the  benzene-nucleus  are  of  equal  value, 
or  in  other  words,  that  they  are  symmetrically  related  to  the 
three  methyl  groups.  Consequently  the  methyl  groups  in  mesi- 
tylene are  also  symmetrically  placed,  and  the  only  formula  which, 
according  to  Kekule's  hypothesis,  harmonizes  with  this  conclu- 
sion is  that  already  given,  viz. : 

H 
CH,  /N  CH, 


H 


H 
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It  will  be  evident,  also,  that  Ladenburg'a  experiments  aflTord 
a  further  proof  that  in  the  we/a-di-derivatives  the  radicles  are  in 
the  position  i  :  3. 

(1293)  DiP»0PARGYL  :  CgH^  or  HC  =  C.CH5J.CH3.C  =  CH.— 
This  hydrocarbon  is  isomeric  with  benzene,  from  which,  how- 
ever, it  diflfers  very  widely.  To  prepare  it,  the  tetrabromohexane 
from  diaUyl  or  diallyl  tetrabromide  (1355)  is  distilled  with  a  con- 
siderable excess  of  solid  potassic  or  sodic  hydrate ;  the  elements 
of  two  molecules  of  hydrobromic  acid  are  thus  removed,  and  a 
dibromodiallyl  is  produced. 

CH,.CHBr.CH.Br  CH.CHzzCHBr 

I  +  2KHO  =   2KBr  +  2OH,  +    I 

CH,.CHBr.CH,Br  *       CH,.CHlzCHBr 

Dialljl  tetrabromide.  Dibromodiallyl. 

When  this  dibromodiallyl  is  digested  with  an  excess  of  a  con- 
centrated alcoholic  solution  of  potassic  hydrate,  the  elements  of 
two  molecules  more  of  hydrobromic  acid  are  eliminated,  and 
dipropargyl  is  formed  : 


CH,.CH_CHBr 
CH,.CH— GHBr 

+ 

2KHO    = 

2KBr 

+ 

2OH, 

+ 

CH,.C=CH. 
CH,.C=CH. 

Dibromodiallyl. 

Dipropargyl. 

Dipropargyl  is  a  mobile,  colourless,  highly  refractive  liquid, 
having  a  peculiar  and  most  penetrating  odour.  It  boils  at  about 
85°  (185°  F.),  and  at  18°  (64%  F.)  has  the  specific  gravity  -81. 
It  bums  with  a  luminous  smoky  flame.  It  is  insoluble  in  water. 
When  added  to  an  ammoniacal  solution  of  cuprous  chloride, 
dipropargyl  produces  a  greenish-yeUow  precipitate,  which,  when 
dried  over  sulphuric  acid,  or  at  90° — 100°  (194° — a  12°  F.),  has 
the  composition  CgH4(Cuj)  +  aOHg.  This  compound  explodes  at 
about  100°  (212°  F.)  In  an  aqueous  solution  of  argentic  nitrate 
it  produces  a  white  amorphous  precipitate,  C^H^Agg -h  2OH2, 
which,  on  exposure  to  light,  soon  becomes  pink,  and  then  black ; 
in  the  dry  state,  this  substance  explodes  readily  at  a  temperature 
far  below  loo®  (212°  F.).  These  metallic  derivatives  furnish 
dipropargyl  when  treated  with  dilute  mineral  acids. 

When  bromine  is  added  to  dipropargyl,  combination  takes 
place  with  extreme  violence,  and  the  tetrabromide ^  C^H^Br^  is 
produced;  it  is  a  viscid  liquid,  of  the  specific  gravity  2*64  at 
19°  (66°' 2  F-),  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  It  is  decomposed  when  heated,  hydrobromic  acid  being 
given  ofiT,  and    a   carbonaceous    mass   remaining.     Dipropa 
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tetrabromide  slowly  combines  with  bromine  in  the  cold^  and 
rapidly  when  the  mixture  is  carefally  heated^  forming  dipropargyU 
octobromide,  CgH^Brg.  The  octobromide  separates  from  ether 
as  a  brilliant  white  crystalline  powder,  but  by  spontaneous  evapo- 
ration of  its  solution  in  carbonic  bisulphide,  distinct  rhombohedrons 
of  considerable  size  may  be  obtained.  It  melts  at  140° — 141^ 
(284° — 285°-8  F.),  but  is  not  volatile.  (Henry,  Devi.  chem.  Ges. 
Ber,,  vi.  955 ;  vii.  20.) 

(1294)  HoMOLoouEsoF  Benzene. — Thcsc  are  formed  from  ben- 
zene by  the  displacement  of  one  or  more  atoms  of  hydrogen  by 
the  so-called  radicles  of  the  series  C^Hgn+j.  Up  to  the  present 
time,  however,  no  more  than  four  atoms  of  hydrogen  have  been 
thus  displaced,  and  no  radicle  higher  than  hexyl,  C^H^j,  has  been 
introduced  into  benzene.  The  homologues  of  benzene  may  be 
prepared  in  the  following  manner : 

I.  By  the  action  of  sodium  on  a  mixture  of  a  bromo-  or 
iodoparaffin  with  bromobenzene ;  this  method  gives  rise  to  the 
formation  of  hydrocarbons  of  the  form  CgHg.CnHgn+j : 

C.H^Br   4-   C„H,„  +  J   +    2Na   =    C.H,.C„H,„  +  ,    +   Nal   +    NaBr. 

C,H,Br  +   CH,I   +    2Na  =   C,H,.CH,    +   Nal  +   NaBr. 
Bromubenzene.  HethylbenzeDe. 

By  similarly  treating  the  monobromo-derivatives  of  the  hydro- 
carbons of  the  form  egH5.CnHjj„^.j,  hydrocarbons  of  the  series 
CgH4(CjjH2n+i)3  are  produced,  and  from  the  monobromo-derivatives 
of  these  hydrocarbons  others  of  the  form  CgH3(CnHgn+^)3  may  be 
obtained : 

C.H,Br.C,H^  +  ,  +  C„H,„+,I  +  2Na  =  C.H/C„H^  +  ,),  +  Nal  +  NaBr. 

C.H^Br.CH,   +    CH,I   +    2Na   =    C,H,(CH,),   +   NaBr   +   Nal. 
Bromometbylbenzene.  Dimethjlbeuzene. 

C.H,Br(C„H,,„0.   +    C„H.„^J    =   C.H,(C,H.„^0,   +   NaBr    +    Nal. 

C.H,Br(CH,),    4.    CH,I   +    2Na  =    C.H,(CH,),    +    Nal    +   NaBr. 
BromodimethjIbeDzene.  Trimelbjlbenxene. 

T\'hen  several  CnH^n+j  radicles  are  in  this  way  introduced  into 
benzene,  it  is  not  necessary  that  they  should  all  be  the  same ; 
thus  by  treating  a  mixture  of  bromo methylbenzene  and  ethylic 
bromide  with  sodium,  an  ethylmethylbenzene  is  produced.  More- 
over, although  the  attempt  has  not  been  made  to  introduce  more 
than  two  different  radicles  into  benzene,  there  can  be  little  doubt 
that  if  the  bromo-derivative   of  ethylmethylbenzene^^for  example^ 
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were  acted  on  with  propylic  iodide,  CgH^I,  and  sod'um,  a  propyl- 
ethylmethylbenzene  could  be  obtained.  By  employing  isomeric 
bromo-derivatives,  isomeric  hydrocarbons  may  be  produced :  thus 
three  isomeric  bromomethylbenzenes  are  known,  and  from  these, 
by  treatment  with  sodium  and  methylic  iodide,  three  isomeric 
dimethylbenzenes  have  been  prepared. 

The  monobromo-derivatives  of  benzene  and  its  homologues 
have  been  almost  exclusively  employed  in  the  synthetical  pre- 
paration of  the  hydrocarbons  of  the  benzene  series  in  the  manner 
above  described ;  the  only  exceptions  are  the  conversion  of  paradi-  * 
bromobenzene  into  paradimethylbenzene,  and  of  dibromotolueiie 
into  pseudocumene,  by  the  action  of  sodium  and  methylic  iodide. 

It  is  always  necessary  to  dilute  the  mixture  of  haloid  deriva- 
tives before  acting  on  it  with  sodium,  in  order  to  moderate  the 
violence  of  the  reaction ;  about  an  equal  volume  of  dry  ether  free 
from  alcohol  is  therefore  usually  added,  but  in  some  cases  pure 
dry  benzene  is  advantageously  employed  as  the  diluent. 

2.  By  acting  on  a  mixture  of  the  so-called  benzylic  chloride 
with  amylic  bromide  and  sodium  a  hexyWenzene  is  obtained,  and 
doubtless  this  method  will  prove  to  be  of  general  application  for 
the  preparation  of  hydrocarbons  of  the  form  CgHg.CHyCnHgn+i : 

C,H..CH,a  +  C.H„Br  +    2Na  =>   C.H,.CH,.C.H,j  +   NaBr    +    NaCL 
BamjUc  chloride.    AmjUo  bromide.  Bexylbmxene. 

3.  A  method  which  is  also  general  consists  in  carefully  dis- 
tilling the  calcic  salts  of  the  acids  of  the  benzoic  series,  or  the 
acids  themselves,  with  calcic  hydrate,  whereby  the  elements  of  a 
molecule  of  carbonic  anhydride  are  removed  :* 


Add  of  Beniole  eeriee.  Hydrocarbon  of  the  Benxeoe  eerlee, 

*^.H.{o5!ca.o;c}cA  +   Ca(OH).=   2C.H,CH.  +   2C.CO.. 


Caldc  Toloate.  Tolaeno. 

When  a  mixture  of  acetone  or  dimethyl  ketone  with  sul- 


*  Fittig  {Ann.  Chem,  Pharm.,  oxlviii.  2)  reoommeods  that  the  acid  be 
intimately  mixed  with  about  three  times  ita  weight  of  burnt  lime,  and  the 
mixturo  introduced  into  a  flask,  at  the  bottom  of  which  a  thin  layer  of  lime  has 
previoualy  been  placed.  A  thin  layer  of  lime  is  abo  put  on  top  of  the  mixture. 
At  moat  20—30  grms.  of  the  acid  should  be  taken  at  a  time.  The  flask, 
attached  to  a  condenser,  is  suspended  by  the  neck  in  the  centre  of  a  roomy 
eharooal  stove,  which  is  preferable  to  a  gas  flame,  since  it  is  possible  with  it  to 
heat  the  flask  on  all  sides  equally,  and  to  avoid  overheating  it.  ^  , 
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phuric  acid  is  carefully  distilled^  the  modification  of  trimethyl- 
benzene^  known  as  mesitylene  is  obtained : 

3CH,.C0.CH,  -  3OH,  =  C,H3(CH,),. 

BimetbjlketoDe.  Meaitjlene. 

In  like  manner^  homologues  of  mesitylene  may  be  prepared  from 
the  ketones  of  the  form  CHj.CO.C^Hj^+i : 

3C,H,„^,.CO.CH3  -  3OH,  =  C,H3(C,H^^,)3. 

5.  Hydrocarbons  of  the  benzene  series  are  also  produced  in 
yarious  special  reactions^  which  will  be  described  as  occasion  offers. 

The  following  is  a  complete  list  of  the  hydrocarbons  of  this 
series  as  far  as  they  are  at  present  known  : — 


C.H, 

Benzene 

C.H. 

B.P. 

Cent." 

81 

C.H. 

Methylbenzene  (toluene)       .     .     . 

C,H.(CHJ 

III 

C.H.. 

Ethjlbenzene         

Dimethylbenzenes  (xylenes) : 

Paradimethjlbenzene  .     ,     .     . 

Metadiroethjlbenzene  .     .     ... 

Orthodimethjlbenzene .... 

C,H.(C.H^ 

C.H.(CH.). 
C.H,(CH.). 
C.H,(CH^. 

136—137 

137— 1375 

140— 141 

C.H„ 

Propylbenzene 

Isopropjlbenzene  (cnmene)    .     .     . 
Parethylmethylbenzene    .... 
Trimethylbenzenee : 

(1:3:5)  Mesitylene   .... 

(1:3:  4)  Pseudocumene  .     .     . 

C,H.(C.H,)« 

C,H.(CH,)(C^J 

C.H.(CH.). 
C.H.(CH.). 

IS7 
i6i — 162 

163 
166—167 

C..H,, 

/3-Butylbenzene 

Parapropylraethylbenzene  (cymene) . 
Paradiethylbenzene      ..... 
(1:3:4)  Ethyldimethylbenzene     . 
(15315)  Ethyldimethylbenzene     . 
(1:2:3:5)  Tetramethylbenzene   . 
Tetramethylbenzene  (durene)      .     . 

C,.H.(C,H.)P 
C.1I.(CH.)(C.U,). 
C.H.(C,1I.), 
C.1I.(C,H,)(C»,>. 

159— 161 
178—179 
178—179 
183—184 
180—182 
192          194 
189 191 

CuH.. 

/3-Amylbenzene 

^- Amy  1  benzene 

(I  J  3  '  5)  Propyldimethylbenzene    . 
Laurene  (P  propyldimethylbenzene)  . 
(1:3:  5)  Diethylmethylbenzene     . 

C.H..CH(C,H;, 

C.H.{C.H  )(CH,), 
C.H,(CH.XfC,H,)? 

CJT.(rH,UC,U,), 

193 
175—180 
206 210 

188 
198 200 

C..H,. 

/3-Hexylbenzene 

/3-Amylmethylbenzene      .... 
(1:3:5)  Triethylbenzene     .     .     . 

C.H.(C.H.V» 

C.H,(CH,)(CA»y 
C.H,(C.H^. 

214—215 

213 
217 220 

^w^to 

3-Amyldimethylbenzene  .... 
(1:3:5)  Methyldipropylbenzene    . 

C.H.(CH.).(C.H„)^ 
C.H.(CH^(C.H,). 

232—233 
243—248 
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(1295)  Behaviour  of  the  Homologues  of  Benzene  on  Oxidation. 
— ^The  behaviour  of  the  homologues  of  benzene  on  oxidation  is 
especially  characteristic.  When  the  hydrocarbons  formed  from 
benzene  by  the  introduction  of  a  single  CnHjj^^.^  radicle,  or  side 
chain^  as  it  is  often  termed,  are  oxidized,  the  monoiasic  acid, 
benzoic  acid,  is  always  produced ;  thus  : 

C.Hg.CHj  +   30  =  CgHg.COOH   +  OH,. 

Methylbenxene.  Benxoie  aoicL 

In  the  case  of  those  derivatives  which  contain  several  side 
chains,  however,  polybasic  acids  are  formed,  each  of  the  side 
chains,  whatever  its  complexity,  undergoing  oxidation  to  COOH, 
which  remains  in  combination  with  the  benzene-nucleus,  so  that 
acids  are  usually  obtained  containing  the  same  number  of  COOH 
groups  as  there  were  originally  CnHj^^.!  groups :  paradimethyl- 
benzene,  CgH^(CH3),,  ^^^  example,  furnishes  terephthalic  acid, 
CjH^(COOH)jj,  and  trimethylbenzene  (mesitylene),  C^H3(CH^3, 
is  oxidized  to  the  acid  C,H3(COOH)g.  There  can  be  little  doubt 
that  this  reaction  always  takes  place,  and  that  in  the  few  instances 
in  which  the  formation  of  the  acid  thus  related  to  the  hydro- 
carbon has  not  been  observed,  it  is  because  of  its  instability 
under  the  influence  of  the  oxidising  agent  employed ;  thus  the 
three  isomeric  dimethylbenzenes  furnish  the  three  corresponding 
methylbenzoic  acids,  C^H^(CH3).COOH,  when  oxidized  with 
dilute  nitric  acid,  but,  on  further  oxidation  with  potassic  dichro- 
mate  and  sulphuric  acid  mixture,  only  two  of  these  acids  are 
converted  into  the  corresponding  dibasic  phthalic  acids,  the  third 
(orthomethylbenzoic  acid)  being  completely  destroyed.  From 
this  circumstance,  and  as  other  similar  instances  of  the  instability 
of  ortho-derivatives  were  known,  it  was  long  supposed  that  these 
compounds  were  not  capable  of  yielding  the  corresponding  acids ; 
Weith  has  recently  shown,  however  {Deut.  chem.  Ges.  Ber,,  vii. 
1057),  that,  when  orthomethylbenzoic  acid  is  oxidized  with  an 
alkaline  solution  of  potassic  permanganate,  almost  the  theoretical 
quantity  of  phthahc  acid  may  be  obtained. 

The  oxidation  .of  the  hydrocarbons  which  contain  several 
side  chains  may  take  place  in  several  stages,  each  radicle,  in  fact, 
being  successively  oxidized  to  COOH,  so  that  as  many  acids  may 
be  obtained  from  a  hydrocarbon  of  the  benzene  series  as  there 
are  side  chains  in  it.  Mesitylene,  for  example,  is  first  oxidized 
to  the  monobasic  mesitylenic  acid,  which  cm  fiirther  treatment 
yields  the  dibasic  mcsidic  or  uvitic  acid,  and  this  is  finally 
converted  into  the  tribasic  trimesic  acid  i 
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C,H3(CH3)3  +  30  =  C,H3(CH3),.COOH  +  OH,. 

Mesitylene.  Mesitjlenic  acid. 

C,H3(CH3),.COOH  +  30  =  C,H3(CH,)(C00H),  +   OH,. 

Mesitylenic  acid.  Mesldio  add. 

C3H3(CH3)(COOH),  +  3O  =  C,H3(C00H),   +  OH,. 

Meaidio  acid.  Trimeaio  add. 

Senzene  is  obtained  on  distilling  mesitic  acid  with  calcic 
hydrate,  proving  that  in  mesitic*  acid  all  the  side  chains  are 
oxidized ;  from  this  it  is  evident  that  oxidation  affords  a  most 
valuable  means  of  determining  the  constitution  of  any  hydro- 
carbon of  the  benzene  series.  When  hydrocarbons  containing 
different  radicles  are  oxidized^  the  least  stable  of  these,  which  is 
usually  the  most  complex,  is  first   attacked  ;  thus   propylmethyl- 

benzene  or  cymene,  C^H^  j  r  TT    I  ^  furnishes  methylbenzoic  acid, 

the  propyl  group  being  first  oxidized  to  COOH.  This  result, 
however,  probably  depends  on  the  nature  of  the  oxidizing  agent 
employed,  since  it  has  been  shown  (Nencki  and  Ziegler.  Deut,  chem. 
Ges.  Ber.,  v.  749)  that  when  cymene  is  taken  internally  either  by 
dogs  or  human  beings,  it  is  oxidized  and  voided  with  the  urine  in 
the  form  of  propylbenzoic  or  cumic  add,  CgH4(C3H7).COOH ;  in 
this  case,  therefore,  the  methyl  group  is  oxidized  first,  but  no 
similar  result  has  ever  been  obtained  with  artificial  oxidizing 
agents. 

Our  knowledge  with  regard  to  the  complementary  products 
which  are  formed  by  the  oxidation  of  the  CJl^^i  radicle  is 
at  present  extremely  limited,  it  being  only  known  that  propyl- 
methylbenzene  fiimishes  paratoluic  and  acetic  acids : 

C.h4cS:.CH,CH.    +   so    =    C.H,{^5^jj    +    CH..COOH    +   OH., 

Ptopylmethylbenaene.  Paratoltdc  add.  Aoetio  add. 

and  that  /3-amylbenzene  yields  isobutyric  acid  in  addition  to 
benzoic  acid : 

C,H,.CH,.CH..CH(CH,),  +  50  =  C.H^COOH  +  CH(CHJ,.C»  OH  +  OH,. 

^-Amylbeniene.  Benzoic  add.  laobatyrio  add. 

But  from  these  results,  and  guided  also  by  analogy,  it  may 
be  inferred  that  if  the  CnHgn+i  radicle  be  a  primary  radicle  of  the 
form  CnHgn+i.CHj,  by  its  oxidation  an  acid  of  the  acetic  series 
will  be  produced  containing  one  atom  of  carbon  less,  in  the 
manner  indicated  by  the  following  general  equation  : 
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C.H.(CH,.C„H^^,)  +  50  =  C.H..COOH  +  C„H^O,  +  OH,. 

Hydrocarbon  of  the  Benxene  Benzoic  add.  Add  of  the 

series.  aceUc  aeries. 

C.H,(CH..C,H„+.),  +   loO  -   C.H,(COOH),  +   aC^H^O.  +   aOH,. 

Hjdrooarbon  of  the  Benieae  Add  of  the  Add  of  the 

seriea.  Pbthallc  series.  acetic  aeries. 

(1296)  Action  of  Hydrogen  on  the  Homologues  of  Benzene, — 
According  to  Berthelot,  wheu  the  hydrocarbons  of  the  benzene 
series  are  heated  with  a  saturated  solution  of  hydriodic  acid 
to  280°  (536°  P.)  for  24  hours,  they  are  ultimately  converted 
into  the  corresponding  paraffins.  Baeyer  has  shown  {Dent,  chem, 
Ges.  Ber.y  i.  12  ;  ii.  21),  however,  that  dry  hydriodic  acid*  has  no 
action  on  benzene  even  at  350°  {662°  F.),  but  that  methylbenzene 
takes  up  two  atoms  of  hydrogen,  dimethylbenzene  four  atoms  of 
hydrogen,  and  trimethylbenzene  (mesitylene)  six  atoms  of 
hydrogen  when  submitted  to  its  action  at  the  same  temperature 
as  that  employed  by  Berthelot.  The  difference  in  the  results 
obtained  by  these  two  chemists  is  perhaps  attributable  to  the 
presence  of  iodine,  when  aqueous  hydriodic  acid  is  employed. 

(i  297)  Action  of  the  Halogens  on  the  Homologues  of  Benzene, — 
Additive  compounds  with  chlorine  and  bromine  corresponding 
with  those  formed  from  benzene  have  not  been  obtained  from 
the  homologues  of  benzene ;  they  are,  however,  all  readily  acted 
on  by  chlorine  and  bromine,  but  the  nature  of  the  products 
varies  considerably  according  to  the  conditions  under  which  the 
action  takes  place.  Thus  when  chlorine  is  passed  into  cooled 
toluene,  CgHg.CHg,  a  chlorotoluene  is  produced  which  is  isomeric 
with  that  formed  by  the  action  of  chlorine  on  the  boiling  hydro- 
carbon ;  the  latter  being  converted  by  the  action  of  oxidizing 
agents  into  benzoic  acid,  C^Hg-COOH,  and  the  former  into 
chlorobenzoic  acid,  C^H^Cl.COOH.  This  behaviour  shows  that 
in  the  one  case  the  chlorine  has  displaced  hydrogen  in  the 
C^H^  group,  and  in  the  other  in  the  CH,  group ;  the  two  com- 
pounds are  therefore  represented  respectively  by  the  formulae 
CgHp.CHj»  and  CgHg.CHgCl.  The  compound  CgHj.CH^C), 
which  is  commonly  known  as  benzylic  chloride,  readily  exchanges 
its  chlorine  for  other  radicles :  thus  when  heated  with  potassic 
acetate,  it  ]&  converted  into  benzylic  acetate,  Cfi^.CYLJ^Cfifi^, 
which  on  saponification  furnishes  benzylic  alcohol,  CfiyCll^{01A) ; 
and  in  this  respect  the  behaviour  of  benzylic  chloride  is  completely 
analogous  with  that  of  the  mono-haloid  derivatives  of  the  paraffins. 


*  He   employed  phogphonic  iodide,   PH^I,   which  is    decomposed  when 
heated  into  hydr.odic  acid  aud  pl.o^phme,  PH..  ^^^^^^^^^  byGoOgk 
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The  compound  CgH^Cl.CHg,  however,  does  not  enter  into  reactions 
of  double  decomposition,  and  is  a  much  more  stable  body  than 
benzylic  chloride.  Again,  if  the  action  of  chlorine  on  toluene 
takes  place  in  presence  of  iodine,  antimonic  pentachloride,  or 
molybdenic  pentachloride,  chlorotoluene  alone  is  produced  even 
when  the  toluene  is  heated  to  boiling,  and  by  the  continued  action 
of  chlorine  under  these  circumstances,  the  five  atoms  of  hydrogen 
in  the  C^Hg  group  in  toluene  may  be  successively  displaced  by 
chlorine,  and  a  series  of  bodies  obtained  having  properties  similar 
to  those  of  chlorotoluene.  On  the  other  hand,  when  chlorine 
acts  on  boiling  benzylic  chloride  the  two  remaining  atoms  of 
hydrogen  in  the  CH,  group  in  toluene  become  displaced,  and  the 
compounds  CgHg.CHCl^  and  CgHg.CClj  are  formed,  which  also, 
like  benzylic  chloride,  readily  yield  up  their  chlorine  in  exchange 
for  other  elements.  By  treating  benzylic  chloride  with  chlorine 
in  presence  of  iodine,  or  by  chlorinating  boiling  chlorotoluene, 
the  compound  CgH^Cl.CHgCl  is  formed,  which  is  isomeric  with 
the  dichlorotoluene,  C^HgClg.CHg,  obtained  by  chlorinating  toluene 
in  presence  of  iodine,  and  the  compound  CjHg.CHCljj,  produced 
by  chlorinating  boiling  benzylic  chloride ;  the  compound 
CgH^Cl.CHgCl  exchanges  only  one  of  its  atoms  of  chlorine  for 
other  radicles,  and  is  thus  intermediate  in  its  behaviour  between 
C^H3Cl3.CHg  and  CgHg.CHClj. 

The  only  explanation  which  can  be  offered  at  present  of  this 
remarkable  difference  in  the  action  of  chlorine,  is  that  when  it 
acts  on  boiling  toluene,  hydrogen  in  the  CH3  group  is  directly 
displaced,  as  it  is  when  the  paraffins  are  similarly  treated ;  but 
that  when  the  action  takes  place  in  the  cold,  or  in  the  presence 
of  any  of  the  above  mentioned  substances,  an  additive  compound 
is  first  produced,  which,  however,  rapidly  loses  haloid  acid  and  is 
converted  into  the  chloro-derivative.  According  to  this  view, 
the  action  of  chlorine  on  toluene  at  a  low  temperature  may  be 
illustrated  by  the  following  diagrams : 

CHj  CHj  CH3 

HC  CH  HC  CH         HC  CH 

I  I     +C1,=      II  1=1  I      +HC1. 

HC  CH  HC  CHCl     HC  CH 


\c/ 

N)/ 

\/' 

H 

HCl 

Cl 

Toluenes 

Toluene  dichlorlde. 

C)kIoru;oiuen^ 
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The  homologues  of  toluene  exhibit  a  precisely  similar  beha- 
viour with  chlorine.  The  action  of  bromine  on  the  homologues 
of  benzene  is  also  similar  to  that  of  chlorine  ;  the  action  of  iodine 
alone^  however,  does  not  give  rise  to  the  formation  of  iodo-deri- 
vatives.  By  continuing  the  action  of  chlorine  in  presence  of 
iodine  on  the  homologues  of  benzene  the  whole  of  the  hydrogen 
may  be  displaced,  but  these  perchlorinated  derivatives  readily 
break  up  under  the  influence  of  the  chlorine  in  such  a  manner 
that  hexachlorobenzene,  C^Cl^,  is  always  produced  together  with 
the  perchlorinated  paraffin,  or  its  products  of  decomposition  by 
chlorine,  corresponding  with  the  side  chain ;  thus  toluene, 
CgHg.CHj,  is  converted  into  hexachlorobenzen'e,  C^Clg,  and  tetra- 
chloromethane,  CCl^  whilst  cymene,  C^^{CU^{C^]1^),  furnishes 
hexachlorobenzene,  tetrachloromethane,  and  octochloropropane 
CjClg  (KjraflTt  and  Merz,  Deut.  chem.  Ges.  Ber.,  viii.  1296). 

(1298)  Action  of  Nitric  and  Sulphuric  Adda  on  the  Homologues 
of  Benzene. — The  hydrocarbons  of  the  benzene  series  are  all 
converted  by  the  action  of  concentrated  nitric  acid  into  nitro^ 
derivatives,  one  or  more  atoms  of  hydrogen  in  the  benzene  nucleus 
being  displaced  by  the  monad  NO^  group ;  but  when  the  homo- 
logues of  benzene  are  boiled  with  dilute  nitric  acid,  they  undergo 
oxidation,  the  side  chains  alone  being  affected. 

The  action  of  concentrated  sulphuric  acid  on  benzene  and 
its  homologues  leads  to  the  production  of  sulpho-acids,  one  or 
more  atoms  of  hydrogen  in  the  benzene  nucleus  being  displaced 
by  the  monad  group  SOg.OH. 

(1299)  Methylbenzene  or  Toluene:  C^Hg  or  CjH5.CH8.  =  92. 
— ^Toluene  is  produced  by  the  action  of  sodium  on  a  mixture  of 
bromobenzene  and  iodomethane  or  methylic  iodide :  CgHgBr-l- 
CHjI  +  2Na=CgH5.CH3-|-NaI-fNaBr;  by  distilling  the  isomeric 
methylbenzoic  or  toluic  acids  with  an  excess  of  calcic  hydrate : 
C^h/(CH,).COOH  +  Ca(OH) j= C.Hg.CHj -H  CaCOj  +  OH^;  and  by 
heating  benzylic  alcohol  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate,  and  then  distilling:  when  the  whole  of  the  alcohol 
has  passed  over,  and  the  residue  has  become  solid,  the  toluene 
distils  over  mixed  with  undecomposed  benzylic  alcohol  (Canniz- 
zaro): 

C,H5.CHj(0H)  +  KHO  =  C^Hg.COOK  +  C^Hj.CHj  +  2OH,. 

Bflozylie  aloohoL  Potaisio  benxoate.  Toluene. 

Toluene  is    a  product  of   the  dry  distillation   of  tolu- balsam 
and  many  other  resins,  but  it  is  almost  always  prepared  by  the 
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fractional   distillation  of  that  portion  of  coal  oil  which  boils  at 
about  ioo°— 120®  (ai2°— 248°?.). 

Toluene  is  a  colourless  liquid  closely  resembling  benzene  in 
its  physical  properties,  but  does  not  solidify  even  when  cooled 
to-ao°  (-4"  P.) ;  it  boils  at  11  i°(23i^-8  P.),  and  at  0°  (32°  P.)  has 
the  sp.  gr.  0*882.  When  oxidized  with  chromic  or  dilute  nitric 
acid,  it  furnishes  benzoic  acid ;  and  if  heated  to  260®  (500°  F.)  with 
iodine,  benzyltoluene,  CgHg.CHj.CgH^.CH,,  together  with  ben- 
zene and  the  hydrocarbon  CggH^^  are  formed  (Schiitzenberger, 
Deut.  chem.  Ges.  Ber.,  v.  1109). 

(1300)  Hydrocarbons  :  CgHjQ=  106. — Pour  hydrocarbons  of 
this  composition  are  known,  viz.,  Ethylbenzene,  and  three  isomeric 
dimethylbenztties  or  xylenes. 

Ethylbenzene  or  Ethylphenyl,  CgHg.CgHg,  is  obtained  by 
the  action  of  sodium  on  a  mixture  of  bromobenzene  and  brom- 
ethane  or  ethylic  bromide  diluted  with  ether.  The  following  di- 
rections for  its  preparation  are  given  by  Fittig  and  Konig  {Ann. 
Chem.  Pharm.,  cxliv.  277). 

Ordinary  ether  is  allowed  to  remain  in  contact  with  a  considerable  amount 
of  calcic  chloride  for  twentj-four  hours ;  a  quantity  about  double  the  volume  of 
the  mixed  bromides  is  then  introduced  into  a  flask,  and  sodium  is  added  cut  in 
very  thin  slices,  about  i^  times  as  much  as  is  theoretically  required  for  the  decom* 
position  of  the  bromides  (p.  276).  The  flask  is  connected  with  a  reversed  condenser, 
and  is  placed  in  a  large  vessel  filled  with  cold  water.  At  first  a  violent  evolu- 
tion of  hydrogen  is  observed,  but  after  a  few  hours  this  entirely  ceases,  the  tem- 
perature of  the  water  is  then  reduced  to  o*(32^F.)  by  means  of  ice,  and  the 
carefully  dried  mixture  of  bromides  is  added.  A  slight  excess  (about  one-fourth 
more  than  the  theoretical  amount)  of  the  ethylic  bromide  should  be  taken.  As 
a  rule  the  action  soon  sets  in,  which  may  be  known  by  the  pieces  of  sodium 
becoming  blackened  and  sinking  to  the  bottom,  but  sometimes  the  sodium  re- 
mains bright  for  a  day  or  more.  When  the  action  has  once  commenced, 
however,  it  is  soon  completed,  usually  in  one  to  two  hours ;  during  this  time 
great  care  must  be  taken  that  the  temperature  of  the  water  does  not  rise,  for  so 
much  heat  is  evolved  that  notwithstanding  the  cooling,  the  ether  boils,  and  in 
part  distils  over.  The  more  quietly  and  slowly  the  action  takes  place,  the  greater 
is  the  yield,  so  that  it  is  also  desirable  on  this  account  not  to  operate  with 
larger  quantities  than  100  grams  of  bromobenzene.  When  the  reaction  is  com- 
pleted, the  ether  is  distilled  off  on  the  water-bath ;  the  flask  is  then  suspended 
by  the  neck,  and  the  product  is  rapidly  distilled  off  over  a  bare  flame.  Care 
must  be  taken  not  to  heat  the  bottom  of  the  flank  too  strongly  at  first ;  and,  in 
fact,  the  operation  succeeds  best  when  the  heat  is  applied  by  waving  a  large  gas 
flame  round  and  round  the  flask,  so  that  only  its  sides  are  heated.  In  this  way 
it  is  possible  to  avoid  the  breaking  of  the  flask,  which  usually  occurs  when  a 
sand-bath  or  wire  gauze  is  used.  The  distillate  consists  almost  entirely  of 
ethylbenzene,  and  is  purified  by  fractional  distillation.  A  similar  course  is  to  be 
recommended  in  the  preparation  of  other  homologues  of  benzene. 

Ethylbenzene  is  a  colourless  mobile  liquid  resembling  toluene ; 
it  boils  at  134^  {27  f '2  F).,  and  at  aa°-5  (72°*5  P.)  h^he  sp.  gr» 
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0*8664.  When  oxidized  with  potassic  dichrpmate  and  sulphuric 
acid  mixture,  or  with  dilute  nitric  acid  (i  vol.  of  nitric  acid  of  sp. 
gr.  1*4  and  2  toIb.  water),  it  yields  benzoic  acid : 

CjHg.CgHg   +  3O,  =   C^Hg.COOH   +   CO,  +  aOH,. 

BthjlbeDzene.  BeDxoic  add. 

Paradimethylbenzene  or  Paraxylene  :  C^HJfM^^y  (CHj :  CH3 
=  I  :  4). — This  hydrocarbon  is  obtained  by  the  action  of  sodium 
on  a  mixture  of  crystalline  parabromotoluene  and  methylic 
iodide,  diluted  with  pure  benzene  (Jannasch,  Ann,  Chem.  Pharm., 
clxxi.  79),  or  on  a  mixture  of  crystalline  paradibromobenzene 
and  methylic  iodide,  diluted  with  ether  (V.  Meyer,  Urid.  clvi.  282). 
It  crystallizes  when  pure  in  large  monoclinic  prisms,  which  melt  at 
15°  (59°  F.) ;  it  boils  at  136^—137°  (276°-8— 278°-6  F.)  (Jannasch). 
Paradimethylbenzene  is  readily  oxidized  by  dilute  nitric  acid  to 
paramethylbenzoic  or  paratoluic  acid,  C^  11^(0 H3).C00H,  and  by 
chromic  acid  to  terephthalic  acid,  C^H^  (COOH),. 

Metadimethylbmzene  or  Metaxylene :  C^ll^{CR^^,  (CH3  :  CH3 
=  1  :  3). — Xylene  or  xylol,  from  coal  tar  (the  portion 
boiling  at  136° — 140°  (276°*8 — 284°  P.),  contains  para-  and 
metaxylene  in  variable  proportions,  but  usually  consists  mainly  .of 
metaxylene ;  other  hydrocarbons,  however,  are  present,  the  nature 
of  which  is  unknown  (Fittig,  ibid,  cliii.  273).  Pure  metaxylene  is 
obtained  by  distilling  xylic  or  mesitylenic  acids,  CgH3(C  113)2. COO H, 
with  calcic  hydrate  (Fittig  and  Bieber,  ibid.  clvi.  235  \  Fittig  and 
Velguth,  cxlviii.  i).  It  boils  at  137° — 137°*5  (278°-6 — 279°"5  F,). 
Metaxylene  is  not  oxidized  by  dilute  nitric  acid,  but  is  slowly 
converted  by  oxidation  with  chromic  acid  into  isophthalic  acid, 
C,H,(COOH),. 

Xylene  from  coal  tar  has  a  peculiar  faint  odour  diflferent  from 
that  of  benzene;  its  specific  gravity  at  19°  (66°'2  F.)   is  0*86. 

Ortkodimethylbenzene  or  Orthoxylene :  CgH^(CH3)3,  (CH3  :  CH3 
=  1:2),  is  obtained  by  the  action  of  sodium  on  a  mixture 
of  orthobromotoluene  and  methylic  iodide ;  and  by  distilling 
paraxylic  acid,  CgH3(CH3)j,COOH,  with  calcic  hydrate.  It  is  a 
colourless  limpid  liquid  like  its  isomerides,  but  has  a  much  less 
pleasant  odour,  and  boils  at  140° — 141°  (284° — 285°*8  F.). 
Dilute  nitric  acid  oxidizes  it  to  orthomethylbenzoic  or  orthotoluic 
acid,  but  it  is  entirely  decomposed  when  oxidized  with  chromic 
acid  (Fittig  and  Bieber,  ibid.  clvi.  239). 

The  three  isomeric  dimethylbenzenes  are  characterized  and 
distinguished  not  only  by  their  oxidation  products,  but  also  by 
their  behaviour  with  nitric  acid :  when  treated  with  a  mixture  lof 
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concentrated  nitric  and  sulphuric  acids^  para-  and  metadimethyl- 
benzene  are  readily  converted  into  crystalline  /nm^o-derivatives, 
the  change  taking  place  even  at  the  ordinary  temperature,  if 
allowed  to  stand  some  time ;  orthodimethylbenzene,  however,  is 
only  converted  with  extreme  diflSculty  into  crystalline  nitro- 
derivatives,  it  being  necessary  to  warm  it  for  8  to  lo  hours 
with  the  acid  mixture  in  order  to  obtain  them.  Trinitropara- 
and  metaxylene  are  readily  distinguished,  since  the  latter  is  much 
less  soluble  in  alcohol  than  the  former,  and  melts  at  177^ 
(35<^^'6  ^-)}  trinitroparadimethylbenzene  melting  at  137° 
(:j78°-6  F.). 

(1301)  Hydrocarbons,  CgHj3=i2o. — Several  of  these  have 
been  obtained — viz.,  Propylbenzene,  Isopropylbenzene,  EthylmethyU 
benzene,  and  two  Trimethy /benzenes. 

Propylbenzene :  CgHg.CHg.CHj.CHj,  is  obtained  by  the  action 
of  sodium  on  a  mixture  of  bromobenzene  and  propylic  bromide. 
It  is  a  colourless,  pleasant  smelling  liquid,  which  boils  at  157^ 
{$14^'6  F.) ;  when  oxidized  it  yields  benzoic  acid. 

Isopropylbenzene  or  Cumene  :  CgH5.CH(CHg)2. — ^Whencumic 
acid,  C^liJiC^}l,j),COO}l,  is  distilled  with  calcic  hydrate,  a  hydro- 
carbon of  the  composition  C^H^g  is  obtained,  boiling  at  151° 
(303°*8  P.),  which,  like  the  synthetically'  prepared  propylbenzene, 
is  converted  into  benzoic  acid  by  oxidation  :  it  is,  therefore,  con- 
cluded that  cumene  from  cumic  acid  is  an  isopropylbenzene. 
The  attempts,  however,  to  prepare  it  by  Fittig's  method  from 
bromobenzene  and  isopropylic  iodide  have  failed  until  recently ; 
Jacobsen  {Deut,  chem,  Ges.  Ber.,  viii.  1260)  finds,  however,  that 
if  slices  of  sodium  are  introduced  into  isopropylic  iodide,  which 
is  then  covered  with  a  layer  of  a  solution  of  bromobenzene  in  six 
times  its  volume  of  pure  ether,  and  the  mixture  left  at  rest,  action 
gradually  takes  place.  If  the  mixture  is  then  boiled  for  a  few 
hours,  and  afterwards  distilled,  the  unattacked  iodide  passes  over, 
together  with  much  diphenyl,  and  a  very  small  quantity  of  a 
fraction  boiling  at  145° — 155®  (293° — 311°  P.).  When  this  is 
fractionally  distilled,  and  the  portion  boiling  at  about  150° 
(302°  F.)  is  treated  with  sulphuric  acid,  a  sulpho-acid  is  formed 
yielding  salts  which  differ  from  those  of  propylbenzenesulphonic 
acid,  but  are  precisely  similar  to  those  furnished  by  the  sulpho- 
acid  of  cumene  from  cumic  acid. 

Ethylmethylbenzene :  CHg.CgH^.CgHg. — By  the  action  of  sodium 
on  a  mixture  of  bromotoluene  and  ethylic  bromide,  Glinzer  and 
Fittig  {Ann.  Chem.  Phann.,  cxxxvi.  312)  obtained  an  ethylmethyl- 
benzene boiling  at  159°  (31 8°' 2  P.),  of  the  sp.  gr.  o'Ji 
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(69°*8  P.),  which  gave  terephthalic  acid  on  oxidation.  The 
bromotoluene  employed  was  that  directly  produced  by  the  action 
of  bromine  on  cooled  toluene,  but  as  it  has  since  been  shown 
that  this  is  a  mixture  of  parabromotolueue  with  more  or  less 
orthobromotoluene,  there  can  be  little  doubt  that  the  hydro- 
carbon obtained  was  a  mixture  of  para-  and  orthethylmethyl- 
benzene.  Pure  parethylmethylbenzene  has  been  prepared  by 
Jannasch  and  Dieckmann  (Deut,  chem,  Ges.  Ber.,  vii,  151 3)  by 
the  action  of  sodium  on  a  mixture  of  crystalline  parabromotolueue 
and  ethylic  iodide,  diluted  with  benzene.  It  boils  at  161° — 162° 
(32i°8— 323°'6  F.),  and  does  not  solidify  at  -20°  (-4^F.); 
when  oxidized  with  dilute  nitric  acid,  it  gave  pure  paratoluic 
acid. 

According  to  Wroblevsky  {ibid.  viii.  573),  metabromotoluene 
18  converted  into  metethylmethylbenzene  by  the  action  of  ethylic 
bromide  and  sodium.  This  hydrocarbon  furnishes  isophthalic 
acid  on  oxidation. 

Mesitylene  {Trimethylbenzene)  :  €^113(0113)3,  (CH3  :  CH3  : 
CH3  =  i  :  3  :  5). — This  hydrocarbon  has  not  been  obtained  from 
benzene  by  synthesis,  but  is  always  prepared  by  distilling  acetone 
with  sulphuric  acid. 

The  following  is  the  method  of  proceeding  recommended  by 
Pittig  and  Briickuer  {Ann.  Chem,  Pharm,,  cxlvii.  42). 

A  qaantity  of  dry  sand  is  placed  in  a  large  tabulated  retort,  and  i  vol.  of 
oommercial  acetone  is  added ;  a  cooled  mixture  of  l  vol.  concentrated  liolphurio 
acid  and  ^  vol.  water  is  then  introduced  in  a  slow  continuous  stream,  and  tlie  mix- 
ture allowed  to  stand  during  at  least  24  hours.  The  retort  is  then  connected  with 
a  condenser,  and  the  distillation  commenced  ;  at  first  acetone  and  water  pass  over. 
When  oily  streaks  are  observed  in  the  upper  part  of  the  retort  the  reoeiver  is 
changed  ;  a  yellow  coloured  oil  then  distils,  consisting  chiefly  of  mesitylene.  The 
distillation  is  continued  as  long  as  oil  passes  over.  At  a  certain  period  of  the  pro- 
oe!*s,^an  evolution  of  sulphurous  acid  sets  in,  and  the  contents  of  the  retort  become 
of  a  deep  indigo-blue  colour,  which  only  disappears  towards  the  close  of  the 
operation.  The  crude  oil  is  washed  with  sodic  hydrate  solution,  and  with  water ; 
dried  with  calcic  chloride,  and  fractionally  distilled  from  metallic  sodium. 
Although  the  yield  is  small  in  proportion  to  the  amount  of  acetone  employed, 
it  is  possible  by  working  with  3  or  4  retorts  at  a  time  to  prepare  without  diffi- 
cnlty  a  pound  of  pnre  mesitylene  in  a  week. 

When  allylene  gas  (125a)  is  passed  into  concentrated  sul- 
phuric acid^  it  is  absorbed^  and  on  adding  a  small  quantity  of 
water,  and  distilling,  mesitylene  is  obtained  (Pittig  and  Schrbhe, 
ibid.  viii.  17  and  367). 

The  portion  of  coal-tar  oil  which  boils  at  164° — 167° 
327°*2 — 332°"6  P.)  consists  chiefly  of  mesitylene.  Mesitylene  is 
also  present  amongst   the  hydrocarbons  obtained  g^^dt)*G©3(S^C 
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of  zincic  chloride  on  camphor  (Fittig  and  Wackenroder^  ibid.  cli. 

Mesitylene  is  a  colourless,  mobile,  highly  refractive  liquid  of 
peculiar,  not  unpleasant  odour;  it  boils  at  163°  (325°'4  F.). 
When  oxidized  with  a  mixture  of  potassic  dichromate  and  sul- 
phuric acid,  it  yields  acetic  acid  only,  and  is  thus  distinguished 
from  a]l  the  other  known  hydrocarbons  of  the  benzene  series. 
If  treated  with  dilute  nitric  acid,  however,  it  is  converted  into  a 
mixture  of  mesitylenic  acid,  CgH,(CH3")2(COOH),  and  mesidic  or 
uvitic  acid,  CgH3(CHg)(COOH)3 ;  and  these  acids  when  oxidized 
with  chromic  acid  readily  furnish  trimesic  acid,  CgHg(C00H)3. 
When  it  is  heated  with  phosphonic  iodide,  PH^I,  to  280°  {5^6^  P.)> 
it  is  converted  into  a  hydrocarbon  of  the  CnHj^  series,  Cj^H^g, 
which  boils  at  138°  (28o°-4  F.)  (Baeyer). 

Pseudocumefie  [Trimethylbenzene) :  'CgH3{CHg)8,(CH3 :  CHg :  CH3 
=  1:3: 4). — Pseudocumene  has  been  prepared  by  the  action  of 
sodium  and  methylic  iodide  on  the  monobromo-derivatives  of  the 
three  isomeric  dimethylbenzenes,  and  on  the  dibromotoluene  pre- 
pared by  the  action  of  bromine  on  toluene  in  presence  of  iodine 
(Fittig  and  Laubinger,  ibid,  cli.  257 ;  Fittig  and  Jannasch,  ibid. 
cli.  283;  Jannasch,  ibid,  clxxvi.  283).  It  is  also  a  constituent 
of  the  portion  of  coal-tar  oil  boiling  at  164° — 167°  (327°*2 — 
332°-6  F.). 

Pure  pseudocumene  from  crystalline  bromoparaxylene  boils 
at  166° — 167°  (330°"8 — 332°  6  F.),  and  does  not  solidify  at  —20° 
(—4°  F.)  (Jannasch).  When  oxidized  with  dilute  nitric  acid, 
pseudocumene  furnishes  a  mixture  of  the  two  isomeric  monobasic 
acids,  arylic  acid  and  paraxylic  acid,  CgH3(CHg)2(COOH),  with  the 
dibasic  xylidic  acid,  CgH3(CH3)(COOH)2.  By  the  action  of  a 
mixture  of  concentrated  nitric  and  sulphuric  acids,  pseudocumene 
is  converted  into  a  crystalline  trinitro-derivative,  Cg(CH3)3(N02)g, 
which  melts  at  185°  (329°  F.),  and  is  thus  distinguished  from  mesi- 
tylene, which  when  similarly  treated  yields  trinitromesitylene,  melt- 
ing at  232°  {449°*6  F.) ;  moreover,  trinitropseudocumene  is  readily 
reduced  by  ammonic  sulphide  and  converted  into  nitroamido- 
pseudocumene,  CgH(CHg)3(NOg)(NH2),  whilst  trinitromesitylene 
is  converted  into  dinitroamidomesitylene,  Cg(CH3)g(NOjj)2(NH2),by 
the  same  reagent. 

(1302)  Hydrocarbons  :  C^oHj^— 134. — Ko  less  than  seven  of 
these  are  known,  viz. :  P-Butyibtnzene,  Parapropylmethylbenzene 
or  Cymene,  Paradiethylbenzene,  two  isomeric  Ethyldimethylben-' 
zenes,  and  two  isomeric  Tetramethylbenzenes. 

fi^Butylhenzene  :    C,H,.CH,.CH(CH,),.  —  This   hydrocarbon^  is   obtained 
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although  only  in  small  qoantitj,  by  the  action  of  todinm  on  a  mizture  of 
bromohenzene  and  isoprimary  bntylic  bromide,  and  more  easily  by  its  action  on 
a  miztare  of  benzylio  chloride  and  isopropylio  iodide.  It  boils  at  159^ — 161^ 
(3 1 8*** 2 — 32i***8  F.);  it  IB  converted  into  benzoic  acid  by  oxidation  (Riess, 
Deut,  ckem.  Qcm.  Ber.,  iii.  779). 

fCH 
Parapropylmethylbenzene  or  Cymene  :  C^H^  p  tI  >  (CH3 :  C,H- 

=  1  :4). — Cymene  exists  together  with  terpenes  in  a  number  of 
the  so-called  essential-oils^  (1278),  such  as  oil  of  cumin^  the  oil  of 
the  PiychotU  Ajowan,  the  oil  of  the  water  hemlock  (Cicuta 
virosa),  the  oil  of  the  Eucalyptus  globulus,  qH  of  nutmegs  &c. 
It  may  be  obtained  by  the  action  of  sodium  on  a  mixture  of  crys- 
talline parabromotoluene  and  normal  propylic  bromide  (Fittica^ 
Ann.  Chem.  Pharm.,  clxxii.  320) ;  and  it  is  thus  proved  that  cymene 
contains  normal  propyl,  and  that  it  is  a  member  of  the  para-  series 
of  di-derivatiyes  of  benzene :  the  latter  conclusion  may  also  be 
inferred  from  the  conversion  of  cymene  into  terephthalic  acid  by 
oxidation.  Cymene  may  be  prepared  by  the  action  of  phosphoric 
anhydride^  pentasulphide^  or  pentachloride^  or  of  zincic  chloride^ 
on  camphor  and  several  other  oxygenated  bodies  of  the  com- 
position CjqHj^O,  present  in  various  essential  oils  (viz. :  myris- 
ticol  from  oil  of  nutmegs  and  absinthol  from  oil  of  wormwood) ; 
in  these  cases  the  action  amoimts  simply  to  the  withdraw'al  of 
the  elements  of  a  molecule  of  water  from  the  oxygenated  body^ 
but  when  phosphoric  pentasulphide  is  employed  hydric  sulphide  is 
evolved  : 

6CioHi,0  -h   P3S,  =  6Ci,H,,  +  5SH,   -h   aHPOsi 

Camphor.  Cymene. 

and  by  the  action  of  phosphoric  pentachloride  a  chlorinated 
compound  is  first  produced^  which  is  subsequently  resolved  by 
distillation  into  cymene  and  hydrochloric  acid : 

C,„H„0  +  -PCI,  =  CioHi,Cl,  +  POCljj 

ffMnphffT. 

CioHj^.OH    -h  PCI,   =   C,,H,,C1  +   POCI3  +   HCl; 

MjxlBtieol. 


CjoHigCl  =   CjqHj^  +  HCl. 


*  Wright  is  of  the'  opinion  that  the  small  quantity  of  oymene  met  with 
in  some  essential  oils  is  perhaps  fonned  by  the  oxidation  of  a  portion  of  the 
terpene,  and  the  subsequent  resolution  of  the  oxidized  body  (Cj^H^^O)  into  cymene 
and  water  during  distillation.  r^  ^  ^  ^  T  ^ 
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Cymene    is    also  obtained  on  distilling  thymol  and   canracrol, 
CjqHi^O,  with  ter-  or  pentasulphide  of  phosphorus. 

Cymene  may  readily  be  prepared  by  the  action  of  phosphoric  anhydride  or 
pentasulphide  on  camphor.  If  the  former  be  employed,  it  is  mixed  with  the 
camphor  in  the  proportions  indicated  by  the  equation : 

C„H„0  +   P.O.   =   C„H„   +   aHPO.. 

and  gently  heated  in  a  flask,  attached  to  a  condenser,  until  the  reaction  oom- 
menoes,  which  is  evidenced  by  the  mixture  at  the  bottom  of  the  flask  becoming 
brown :  the  reaction  then  extends  to  the  whole  mass  somewhat  rapidly. 
The  liquid  product  is  aflerwards  poured  off"  from  the  cake  of  metaphosphori< 
acid  at  the  bottom  of  the  flask,  and  digested  with  a  small  quantity  of  phosphoric 
anhydride.  This  treatment  is  then  repeated,  and  finally  the  product  is  firao^ 
tionally  distilled  from  sodium.  In  this  manner  60  to  80  per  cent,  of  oymene 
may  be  obtained  (Fittica,  ibid.  307). 

Somewhat  less  cymene  is  produced  by  the  action  of  phosphoric  pentasulphide, 
but,  on  the  other  hand,  the  latter  is  far  more  readily  prepared  than  phosphoric 
anhydride.  The  camphor  and  phosphoric  pentasulphide  mixed  in  the  propor- 
tions of  about  3  to  I  are  placed  in  a  flask  attached  to  a  condenser,  and  a  gentle 
heat  applied;  the  reaction  soon  takes  place,  and  much  hydric  sulphide  is  evolved. 
In  order  to  decompose  all  the  camphor  the  mixture  is  gentiy  boiled  for  a 
couple  of  hours  and  then  distilled ;  the  distillate  is  violently  agitated  with  a 
concentrated  solution  of  sodio  hydrate  to  remove  the  thiocjmene,  CjoH^^.SH, 
present,  then  with  water,  and  afterwards  several  times  with  small  quantities  of 
concentrated  sulphuric  acid ;  it  is  finally  washed  with  water,  dried  over  caldc 
chloride,  and  distilled  from  sodium. 

Pure  cymene  is  a  colourless,  mobile,  highly  refractive  liquid 
of  peculiar,  not  unpleasant,  odour ;  it  boils  at  175°  (347°  F.), 
and  at  cP  (32°  P.)  has  the  sp.  gr.  0*870.  When  oxidized  with 
dilute  nitric  acid  it  furnishes /?ara/(?/wfc  acid,  CjH^(CH3).C00H, 
together  with  terephthalic  acid,  CgH^(C00H)2,  *^^  ^  considerable 
quantity  of  acetic  acid  (Eekul6  and  Dittmar,  Deut.  chem.  Ges. 
Ber.,  iii.  894) ;  chromic  add  also  oxidizes  it  to  terephthalic 
acid. 

Constitution  of  the  terpenes. — All  the  terpenes  appear  to  be 
capable  of  yielding  cymene  when  two  atoms  of  hydrogen  are 
withdrawn  from  them.  This  may  be  effected,  however,  in  various 
ways.  The  most  advantageous  method  is  probably  that  employed 
by  Kekul^  andOppenheim  {ibid.  vi.  437  and  915  ;  vii.  6^^),  which 
consists  in  gradually  adding  iodine  to  the  terpene,  digesting  the  « 
mixture  for  some  hours  in  a  flask  attached  to  a  reversed  condenser, 
and  distilling ;  the  distiUate  is  then  washed  with  an  alkaline  solu- 
tion and  the  cymene  purified  by  fractional  distillation  from  sodium. 
The  first  action  appears  to  consist  in  the  combination  of  a  mole- 
cule of  the  terpene  with  a  molecule  of  iodine,  the  resulting  com- 
pound, when  heated,  being  resolved  into  cymene  and  hydriodic 
acid. 
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Sy  very  carefully  adding  a  molecule  of  bromine  to  a  mole- 
cule of  a  terpene  which  is  well  cooled^  a  compound  of  the  two  is 
obtained^  which^  on  treatment  in  various  ways^  furnishes  cymene. 
In  some  cases  it  is  merely  necessary  to  distil  several  times  :  thus^ 
although  the  bromide  of  ordinary  turpentine  oil  furnishes  very 
little  cymene  when  treated  in  this  manner^  yet^  as  Wright  has 
shown  (Jaum.  Chem.  Soc.,  xxvi.  691)^  hesperidene^  the  terpene 
from  nutmeg-oil^  yields  a  very  large  proportion  of  cymene  when 
^^  bromide  is  several  times  distilled.     Oppenheim  finds  {Deut. 
•  ^"jKfiem.  Ges.  Ber.,  v.  94  and  628)  that  a  considerable  amount  of 
-  y^ymene  may  be  obtained  from  the  bromide  of  turpentine  oil  by 
heating  it  with  a  8fl||i  excess  of  aniline  for  eight  hours  to  about 
190^  (374^  ^0  ill  ^f^^  ^1>6S : 


C,oHi,Br,  +  aCjE^N  =  C,oH„  +  aC.HgNBr. 

ToTpentine  bromide.  Aofline.  Cymene.         AnOine  hydrobromide. 


* 


purify  the  product^  the  mixture  from  the  tubes  is  rendered 
acid  with  dilute  sulphuric  acid^  and  the  hydrocarbon  distilled  over 

^n  a  current  of  steam;    it   is   then  dried  and  distilled   from 

^■Kum. 

^^^Wright  has  also  shown  (Jotim.  Chem.  Soc,  xxvii.  620)  that 
cymene  is  formed  in  small  quantity  from  terpenes  by  the  action 
of  phosphoric  pentasulphide^  and  according  to  Biban^  a  little 
cymene  may-  be  produced  from  terpenes  by  treating  them  with 
Bulphuiic  acid  and  distilling : 

C^Hie  +  H^SO^  «  C10H14  -h  SO,  +  aOHj. 

By  these  various  methods  cymene  has  been  obtained  from 
ordinary  turpentine  oil^  and  from  terebene ;  from  the  terpenes 
[)f  nutmeg  oS.,  orange-peel  oil^  lemon  oil^  and  eucalyptus  oil ;  and 
from  the  terpenes  obtained  by  the  action  of  phosphoric  anhy- 
dride or  pentasulphide  on  bomeoV  geraniol^  citronellol^  and 
cajeputol^  all  of  which  have  the  formula  C^^H^gO. 

The  fact  that  the  various  terpenes  are  thus  convertible  into 
cymene^  together  with  the  circumstance  that  they  combine  with 
at  most  four  atoms  of  monad  elements  (in  the  formation  of  the 
ydrochloride8)|  has  led  chemists  to  regard  them  as  dihydrides 
of  q/mene ;  thus  : 


cyn 


u2 
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y\  /\ 

HC  r.H  HC  CH, 

11  II 

HC         CH  HC  CH, 

CH,  CH, 

CymeDe.  Cymeno  dUijdiid&  £^ 

But  cymene  is  a  parapropylmethylbenzene,  and  according  to 
Kekul^s  hypothesis  it  can  only  give  rise  to  three  isomeric  dihy- 
drides^  viz. : 

CHj  H.CHj  CH3 

/\     /%     /'\ 

H.C  CH  HC  CH,         HC  CH 

II        II         II 

H,C  CH         HC  CH  HC  CH, 

\^  \c/  \c/ 

C3H  C3H7  H.CjHy 

I.  II.  UI. 

Since  more  than  three  isomeric  terpenes  undoubtedly  exists  the 
conclusion  is  therefore  forced  upon  us^  that  all  these^  although 
they  famish  cymene^  are  not  hydrides  of  a  joarapropylmethyl- 
benzene,  but  that  some  of  them  are  hydrides  of  isomeric  propyl- 
methylbenzenes^  and  some  perhaps  hydrides  of  isopropylmethyl- 
benzenes^  and  that  isomeric  change  takes  place  during  their 
conversion  into  cymene. 

"With  regard  to  the  existence  of  a  considerable  number  of 
isomeric  terpenes^  it  is  to  be  borne  in  mind  that  we  are  totally 
unaware  of  the  nature  of  the  isomerism  which  obtains^  for 
example,  between  the  terpenes  present  in  the  so-called  French  . 
and  English  turpentine  oils  :  in  their  chemical  behaviour  they  ^  ^ 
exhibit  the  most  perfect  resemblance^  and  yet  they  are  so  very 
different  optically.  The  only  assumption  we  can  make  which  ia 
any  way  applicable  to  the  explanation  of  this  remarkable  diffe- 
rence, is  that  the  molecules  of  the  terpenes  in  the  liquid  state 
are  complex  molecules  formed  by  the  coalescence  of  a  number  of 
simple  molecules^  and  that  the  physical  difference^etween  the  , 
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two  terpenes  in  question  results  firom  a  different  arrangement  of 
the  simple  molecules  which  we  may  suppose  are  identical.  If 
this  be  the  case^  a  comparatively  limited  number  of  chemically 
identical  terpenes  may  exists  and  yet^  as  seems  to  be  the  case 
according  to  our  present  knowledge^  the  number  which  exhibit 
physical  differences  may  be  very  large. 

Apart  from  the  formation  of  cymene  from  the  terpenes^  there 
is  no  evidence  proving  that  the  C3H7  group^  which^  it  is  supposed^  is 
present  in  all  the  terpenes^  i&  propyl  and  not  isopropyL  The  beha- 
,  viour  of  the  oxidation  products  of  ordinary  turpentine  oil  appears 
rather  to  favour  the  conclusion  that  it  is  isopropyl.  Thus  when 
turpentine  oil  is  oxidised  with  dilute  nitric  acid^  the  so-called 
diaterebic  acid,  C^Hj^Oj,  is  produced^  but  this  very  readily  loses 
a  molecule  of  water  and  is  converted  into  ierebic  acid,  CyHjQO^ ; 
on  distilling  terebic  acid,  pyroterebic  acidf  Cfi^JO^  is  obtained, 
and  this,  when  heated  with  hydriodic  acid,  is  converted  into  a 
caproic  acid,  C^H^gO,,  identical  with  that  formed  from  isoprimary 
(fermentation)  amylic  alcohol.  This  caproic  acid  is  represented  by 
the  formula : 

CH(CH3),.CHj^CH,.C00H, 

and  there  can  be  little  doubt,  there^re,  that  all  the  acids  men- 
tioned contain  isopropyl,  their  most  probable  formulse  being 

CH(CH8),.CH(OH).CH(COOH)j ;     CH(CH3)3.CH— CH.COOH 

Diaterabicadd.  I  |  .        ; 

O— CO 

Terebic  add. 

CH(CH^.CHZZCH.COOH. 

Fyroterebie  add. 

Hence  it  would  seem  probable  also  that  turpentine  is  an  iso- 
propyl derivative  (Fittig  and  Mielck,  Deu^.  chem,  Ges.  £er.,vii.  649). 
From  these  considerations  it  is  evident  that  we  must  regard  the 
constitution  of  the  terpenes  and  the  nature  of  their  relation  to 
cymene  as  problems  still  far  from  being  solved. 

Paradiethylbenzene :  Cfi^(CJl^^  (C,H, :  C,H,  =  t :  4).— Fittig  and  Konig 
{Ann,  Chem.  Pharm,,  oxliv.  285)  obtained  thi«  hydrocarbon  by  the  action  of 
aodinm  on  a  mixture  of  bromethylbenzene  and  ethylic  bromide.  Since  the  ac- 
tion of  bromine  on  methylbenzene  or  toluene  leads  to  the  formation  of  two  iso* 
meric  bromotolnenen,  it  is  highly  probably  that  this  is  also  the  ease  with  ethyl- 
benzene,  and  that  therefore  Fittig  and  Konig's  product  was  a  mixture  of  parck-^ 
and  or^Aodiethylbenzene.  Diethylbenzene  is  a  colourless  liquid  of  pleasant  odonr» 
which  boils  at  178**— 179®  (352***4— 354®-2  P.)  of  the  sp.  gr.  0*870  at  IS^'S 
(59^*9  F.).  When  oxidized  with  dilute  nitric  add  it  furnishes  ethylbenaoic  acid, 
C,H^  (C^J.COOH,  but  chromic  acid  oxidizes  it  to  terephthalic  acid. 
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Eih^ldAmethylhmusene:  C,H,(CH^,(C,H,),  (CH, :  CH,  i  C,H,«  i :  3:4).— 
3j  acting  on  bromoxylene  with  etbylic  bromide  and  eodiam,  Fittig  and  Ernst 
{ihid,ctxxu^  192)  obtained  an  ethyldimetbylbenzene  in  all  probability  consisting 
obiefly  of  the  modification  (CH, :  CH, :  C,H^=  1:3:4),  but  also  containing 
the  modification  (CH, :  C,Hg :  CH,  ^  i  :  2  :  4),  as  oold  tar  xylene  was  em- 
ployed. The  hydrocarbon  thus  prepared  boils  at  183^ — 184*  (36i°*4— 363°-2 
F.)>  and  at  20**  {e^""  F.)  has  the  sp.  gr.  0-8783, 

Mhyldifnethylbenzene  :  C,H,(CH,),(C,H,),  (CH, :  CH, :  C,H,  =  1:3:  5).— 
This  hydrocarbon  may  be  said  to  be  the  true  homologue  of  mesitylene,  and  to 
be  the  second  term  of  the  series  of  hydrocarbons  formed  from  benxene  by  the 
displacement  of  three  atoms  of  hydrogen  by  radicles  of  the  form  CnHsn^i, 
these  radicles  being  moreover  symmetrically  placed.  It  is  produced  by  a  method 
similar  to  that  which  furnishes  mesitylene,  viz.,  by  distilling  a  mixture  of  ' 
dimethylketone  or  acetone  and  methylethylketone  with  sulphuric  acid 
(Jacobseny  Deut.  chem,  Om.  JBer,,  vii.  1430) : 

aOH,.CO.CH,  +  C,H,.CO.CH,  -  3OH,  =  C.H,(C,H,)(CH,),. 

IMmethylkatoQe.        Ethylniethylketone.  Ethyldimethjlbenxene. 

It  boils  at  180**— 182'  (356*'— 359''-6  F.),  and  at  20*»  (68^  F.)  has  the  sp. 
gr.  0*864.  When  oxidized  by  dilute  nitric  acid  it  fiimishes  mesitylenic  add, 
C,H,(CH,),.COOH. 

Teiramethylbengene :  CjH3(CH3)^  (CH3  :  CHj  :  CH3  :  CHj  = 
1  •  2  •  3  •  5)- — ^When  a  mixture  of  methylic  iodide  and  bromo- 
mesitvlene  dissolved  in  pure  benzene  is  heated  with  sodium  to 
about  i^cP  {300,^  F.)  a  reaction  takes  place^  and  by  submitting  the 
product  to  fractional  distillation  a  hydrocarbon  of  the  composition 
CjoHj^  may  be  isolated.  It  boils  at  192^ — 1 94*^  (377^*6 — 38i°-2  F.), 
and  does  not  solidify  when  cooled  in  a  mixture  of  ice  and  salt 
(Jannasch^  ibid.  viii.  355). 

Tetramethylbenzene  or  Durene :  C^ll^{CJl^^. — ^A  mixture  of 
methylic  iodide  with  monobromopseudocumene  dissolved  in  ether^ 
is  slowly  acted  on  by  sodium  at  the  ordinary  temperature,  a 
crystalline  tetramethylbenzene  being  produced.  Durene^  as  this 
hydrocarbon  has  been  termed,  crystallizes  from  alcohol  in  prisms  ;^ 
it  melts  at  80°  (176^  F.),and  boils  at  189°— 191°  (372°*— 375^-8  F.) 
(Fittig  and  Jannasch^  Zeits.  chem.  [2],  vi.  161)  •      When  oxidized 


*  Paradimethylbenzene  or  paraxylene  and  durene  (tetramethylbenzene) 
are  the  only  two  crystalline  hydrocarbons  which  have  been  obtained  from 
benzene,  which  itself  crystallizes ;  it  is  noteworthy  that,  starting  with  benzene 
and  passing  from  it  through  toluene  to  paraxylene,  and  thence  through  pseudo- 
cumene  to  durene,  the  intermediate  terms  of  this  series  are  liquid,  and  there  is 
a  peculiar  relation  in  the  boiling-points,  the  difference  between  each  solid  and  the 
next  higher  liquid  hydrocarbon  being  30°  (Cent.)  and  between  the  liquid  and 
the  next  higher  solid  hydrocarbon  25**;  thus  : 

Benttne.  Toluene.  Paraxylene.     PBendocamene.      JHoene. 

Melting  point         7*  liquid.  15**  liquid.  80®. 

Boiling  pwnt       81**  111°  .  i36**-5  166''  ipi*. 
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witH  dilute  nitric  acid^  it  furnishes  a  mixture  of  eumyJic  acid^ 
C^Hg(CH3)3.COOH,  and  cumidic  acid,  CjH5j(CH3)3(COOH)jj 
(Jannasch,  ibid.  vi.  449 ;  vii.  33).  Durene  may  also  be  obtained 
by  the  action  of  sodium  on  a  mixture  of  methylic  iodide  and  the 
dibromoxylene  from  coal  tar  xylene  (Jannasch,  Deui.  ekem,  Oes. 
Ber.y  vii.  693). 

Since  mesitylene  has  the  constitution  (CH3  :  CH3  :  CH3  = 
^  •'  3  •  5)  i^  ^  0^7  possible  to  obtain  from  it  a  single  tetramethyl- 
benzene,  but  pseudocumene  may  furnish  three  modifications  of 
tetramethylbenzene ;  thus: 


^CH,    CH, 


CH,  CH, 

II.  III. 

One  of  these  (iii.)  it  will  be  seen,  is  identical  with  that 
derived  from  mesitylene,  and  the  constitution  of  durene  must 
therefore  be  that  expressed  by  fig.  i  or  fig.  11.  At  present  there 
is  not  suflScient  experimental  evidence  to  decide  which  of  these 
should  be  adopted,  but  the  latter  appears  to  be  the  more  probable. 
(1303)  Hydrocarbons  :  C^jHjg  =  148. — Five  of  these  are 
known,  viz.  :  two  isomeric  Amylbenzenes,  two  isomeric  Propyl' 
ditnethylbenzenes,  and  a  Diethylmethylbenzene. 

P'Amylbenzene :  C,H,.CH,.CH,.CH(CH,),,  is  formed  by  the  action  of 
sodiam  on  a  miztare  of  bromobenzene  and  isoprimar j  amylic  bromide.*  It  ia  a 
liqoid  of  peculiar  odour,  quite  different  from  that  of  benzene;  it  boils  at  193^ 
(379'''4  ^')'     When  oxidized,  it  furnishes  benzoic  acid. 

d'Amylbenzejie :  CjH,.CH(CJH^)j. — Lippmann  and  Lougainine  (ibid,  cxlv. 
106)  obtained  this  hydrocarbon  by  the  action  of  zincic  ethide  dissolved  in  ben- 
zene, on  a  benzene  solution  of  the  compound  C^H^.CHCl,  from  toluene  : 

C.H,.CHC1,   +   2Zn(C,H,),  =   C,H,.CH(C,H,),  +    ZnClC.H,. 

After  purification  by  heating  with  sodium  in  sealed  tubes  to  200**  (39 2**  F.),  it 
boils  at  about  lyS"*  (352°-4  P.) ;  its  sp.  gr.  at  o**  (32°  F.)  being  0-875. 


*  Isoprimary  amylic  bromide  is  obtained  from  fermentation  amylic  alcohol, 
which  appears,  however,  to  be  a  mixture  of  the  two  isoprimary  amylic  alcohols 

CH(CHJ,.CH^.CH,(OH)  and  CH  |  ^^«  I  .CH,(OH),  the  former  being  the 

chief  constituent  (see  amylic  alcohols) :  hence  all  the  amyl  derivatives  of  benzene 
obtained  with  it  are  doubtless  mixtures  of  /3-amyl--CH(CH,),.CH,.CH,— and 

{CH    ) 
Q^  >  .CH,— compounds. 
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Propyldimeihylhengene :  C,H,(C,H,)(CH,),,  (CH, :  CH, :  C,H,  =  1:3:  5).— 
This  hydrocarbon  is  the  third  term  of  the  "  mesitylene  series/'  and  is  obtained 
by  distilling  a  mixture  of  dimethylketone  and  propylmethylketone  with  snl- 
phnrie  acid  (Jaoobsen,  Deut.  chem.  Get,  Ber.,  viii.'  1258).  It  boils  at 
206° — 2id*  (402^*8 — 410**  F.).  When  oxidized  with  dilate  nitric  acid  it 
famishes  mesilylenic  add. 

Laurene :  C,H,(C,H,)(CH,),. — ^Laarene  is  obtained,  together  with  other  pro- 
ducts, when  camphor  is  distilled  with  zincic  chloride  (Fittig,  Kobrich  and  Jilke, 
Ann,  Chem,  Pharm,,  cxW.  149).  It  boils  at  about  188"  (370^*4  F.),  and  at 
10^  (50°  F.)  has  the  sp.  gr.  0*887.  It  is  oxidized  by  dilate  nitric  add  to  an 
aoid  of  the  composition  C,H,(CH,),.COOH,  which  appears  to  be  ideatical  with  the 
paraxylic  acid  from  pseudocumene.  It  is  not  known  whether  laurene  is  a  propyl 
or  isopropyl  deriyative,  but  from  the  lowness  of  its  boiling-point  as  compared 
with  that  of  the  propyldimethylbeuzene  above  described,  it  appears  not  unlikely 
that  it  is  an  isopropyldimethylbenzene. 

Dieihiflmethylhenzene :  C.H,(C,H,),(CH,),  (CH, :  C,H^ :  C^,  =  1:3:  5).— 
This  hydrocarbon,  which  is  also  a  member  of  the  mesitylene  series,  is  formed  on 
distilling  a  mixture  of  dimethylketone  and  ethyl methylketone  with  sulphuric 
acid  (Jacobsen).  It  boils  at  198**— 200**  (388^-4—392*'  F.),  and  at  20^  (68**  F.) 
has  the  sp.  gr.  0*879.  ^7  ^^"i^  boiling  with  dilute  nitric  acid  it  is  oxidized  to 
uvitio  acid,  C.H,(CH,)(COOH),. 

Hydrocarbons:   C^^^^^iSi, — Only  three  such  are  known, 
viz. :  (3'Hea^lbenzene,  (i-Amylmethylbenzene  and  Triethylbenzene. 

(1304)  SSerylhenzene :  C,H,.CH,.CH,.CH,CH(CHJ,.  is  obtained  by 
the  action  of  sodium  on  a  mixture  of  benzjlic  chloride,  C,H,.CH,C1,  and  iso- 
primary  amylic  bromide  (Aronheim^  Ann,  Chem.  Fkarm.,  clxxi.  223).  It  boils 
at2i4''— 2i5''(4i7^-2-4i9''F.). 

fi'Amiflmethylhenzene :  ^.H^l^g'^rg  cHCCH  )  ""^*^*^&  *^^  ^^go*  ^*^- 
cxli.  162)  prepared  this  hydrocarbon  from  bromotolaene  and  isoprimary  amylic 
bromide  by  the  action  of  sodium.  As  they  employed  crude  bromotoluene,  their 
product  was  doubtless  a  mixture  0^  para'  and  ortho-  /3-amylmethylbenzene.  It 
boiled  at  213''  (4i5''-4  F.),  and  at  9**  (48**'2  F.)  had  the  sp.  gr.  0-864.  When 
oxidized  with  chromic  acid,  it  gave  terephthalic  and  acetic  acids. 

Triethylbenzene :  C.H,(C,H,),,  (C,H. :  C,H,  :  C,H.  -1:3:  j).— The  only 
known  triethylbenzene  belongs  to  the  mesitylene  series,  being  obtained  by  dis- 
tilling ethylmethylketone  with  sulphuric  acid  (Jacobsen) : 

3C.H..CO.CH.  -  3OH.   =   C.H.(C.H.).. 

Ethylmethylketone.  Triethylhenxene.  • 

It  boils  at  2 17°— 220°  (422**6 — 428®  F.)  ;  when  oxidized  with  chromic  acid  it 
appears  to  furnish  trimesic  acid,  C,H/COOH),. 

(1305)  Hydrocarbons:  Cj3H2q=i76. — ^Two  only  are  known, 
viz.  :  P'Amyldimethytbenzene  and  Methyldipropylbenzene, 

P'^r^yld^niethylhenzenerQfi\^g^^^  ^^    ^^^^ 

obtained  this  hydrocarbon  by  the  action  of  sodium  on  a  mixture  of  isoprimary 
amylic  bromide  and  bromoxylene.  As  coal-tar  xylene  was  employed,  their  pro^ 
duct  was  doubtless  a  mixture  of  the  modifications  (CH, :  CH  :  C^H.,  =  1:3:4) 
and  (CH, :  C,H,, :  CH,  =  i :  3  : 4).  It  boiled  at  232°— 233^  (449  '6— 45 1*-4 
F.),  and  at  9**  (48°'2  F.)  had  the  sp.  gr.  0-895. 
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Metkyldipnpylhenzene :  C.H,(CH,)(C,H,)„  (CH, :  C.H, :  C,H,  -1:3:  s).- 
This  homologoe  of  meeitylene  is  formed  bj  distilling  a  mixture  of  dimethjl- 
ketone  and  propylmethylketone  with  solphuric  acid  (Jacobsen).  It  boiln  at 
«43* — 248**  (469''*4 — 478**-4  F.);  when  oxidized  with  dilate  nitric  acid  it 
famishes  uvitic  acid,  C,H,(CH,)(COOH),. 

(1306)  Hydrocarbons:  C^^ll^=ao4. — It  has  already  been 
mentioned  that  a  namber  of  these  hydrocarbons  are  contained  in 
yarious  '^  essential  oils/'  At  present  nothing  whatever  is  known 
of  their  nature^  but  from  their  occurrence  in  plants  together  with 
propyl-derivatives  the  assumption  that  they  are  tripropyl'derivatives 
of  benzene  does  not  appear  improbable.  A  short  account  of  some 
of  the  oils  which  contain  these  hydrocarbons  may  conveniently 
be  given  here. 

Oil  of  Cuheh*. — ^This  oi]  is  obtained  from  the  fraits  of  Piper  Cuheha,  a 
shrnb  indigenons  to  Java,  Soathern  Borneo,  and  Sumatra ;  it  contains  according 
to  recent  experiments  of  Oglialore  (Deut.  chem.  Get.  Ber,,  viii.  1357)  a  small 
qaantitj  of  a  Issvorotatory  terpene,  which  boils  at  158** — 163**  (3i6°-4— 
325^*4  F.),  a  IssTorotatory  hydrocarbon  of  the  composition  C^H^  and  a  second 
hydrocarbon  having  far  less  rotatory  power*  but  apparently  the  same  composi- 
tion. The  IsBvorotatoTy  hydrocarbon  C^H^  boils  at  264**— 265®  (507'''2— 
509^  F.),  and  at  o^  (32*^  F.)  has  the  sp.  gr.  0*9289:  it  combines  with  hydro- 
chloric acid,  forming  a  crystalline  dihydrochloride,  C^^H^Cl, ;  this  melts  at  about 
118*'  (244^-4  F.),  and  when  heated  with  water  to  170^—180**  (338°— 356**  F.), 
it  is  decomposed,  the  original  hydrocarbon  being  separated.  The  second  Cj^H,^ 
hydrocarbon  is  said  to  boil  at  263°— 264**  (5oS*''4— 507**'2  F.),  but  does  not 
combine  with  hydrochloric  acid. 

Oil  qf  Cloves. — This  oil  is  obtained  from  the  sun-dried  flower  buds  of  the 
Sugenia  caryophffUata,  an  evergreen  tree  indigenoas  to  the  original  Moluccaa 
or  Clove  Islands,  but  now  cultivated  in  Sumatra,  the  Mascarene  Islands,  the 
islands  of  Zanzibar  and  Pemba  on  the  Eastern  coast  of  Africa,  the  West  Indies, 
Ac.  Clove  oil  consists  chiefly  of  eugenoU  C/j,H,,0,,  bat  contains  a  relatively 
SQudl  quantity  of  a  l»vorotatory  Cj^H„  hydrocarbon,  and  other  substances  of 
unknown  composition.  The  hydrocarbon  boils  almost  constantly  at  247°* 
(476**'6  F.),  and  at  is"*  (59°  F.)  ha8  the  sp.  gr.  0-905  (Church,  Jowm,  Chem. 
Sotf.,xxviii.  113).  It  absorbs  hydrochloric  acid,  but  the  resulting  hydrochloride 
has  not  been  examined. 

OU  qf  Bosevjood. — ^The  oil  obtained  by  distilling  rosewood  with  water 
contains  a  IsBvorotatory  hydrocarbon  of  the  composition  C^^H,^,  which  boils  at 
249""  (48o°*2  F  ),  and  readily  absorbs  hydrochloric  acid.     (Gladstone.) 

Oil  cf  CcUamue. — The  oil  distilled  from  the  rootof  ^cortt«  Calamus  consists, 
according  to  Enrbatow  (Dent  chem.  Ghs.  Ber.,  vi.  1 2 10),  of  a  terpene,  boiling  at 
158** — 159**  (3i6*'4— 3i8*''2  F.),  which  forms  a  crystalline  hydrochloride,  and 
a  C„H^  hydrixarbon,  which  boils  at  255® — 258*  (491"— 496***4  F.),  and  does 
not  unite  with  hydrochloric  acid. 

Oil  qf  JPatchouli.— The  oil  distilled  from  Pogoetemon  Patchouli,  a  labiate 
plant  indigenous  in  the  East  India  Islands,  contains,  according  to  Gladstone,  a 
Isvorotatory  C^^H,^  hydrocarbon  boiling  at  about  257**  (494^*6  F.). 


*  The  corrected  boiling-point  is  2S3**'9  (487**4  F.). 
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Haloid  Derivatives  of  Benzene  and  its  Homohgues. 

(1307)  Preparation. — The  chloro-  and  bromo-derivatiyes  of 
the  members  of  the  benzene  series  are  formed^  as  ahreadj  stated^ 
by  the  direct  action  of  chlorine  and  bromine  on  the  hydro- 
carbons^  but  they  may  also  be  obtained  by  another  method, 
which,  moreover,  is  available  for  the  preparation  of  iodo-deriva- 
tives,  and  which  is  of  special  importance,  as  it  enables  us  to 
trace  the  connexion  of  the  haloid  compounds  with  other  substi- 
tution derivatives.  The  method  in  question  is  commonly  spoken 
of  as  the  method  of  Oriess,  the  chemist  by  whom  it  was  intro- 
duced. It  will  be  best  understood  by  reference  to  a  special  case 
— the  conversion  of  benzene  into  chloro-,  bromo-  and  iodo- 
benzene,  for  example.  The  hydrocarbon  having  been  converted 
into  the  nitro-derivative  by  the  action  of  nitric  add,  is  treated 
with  a  reducing  agent,  and  thus  converted  into  the  amido- 
derivative  (see  Amido-derivatives  of  Senzene,  &c.).  Now  Griess 
has  shown  that  when  the  nitrate  of  the  amido-derivative  is  sub- 
mitted to  the  action  of  nitrous  acid,  a  so-called  diazo-compound 
is  produced  (the  properties  of  this  class  of  bodies  will  else- 
where be  more  fully  described),  thus : 

C,H,.NH,(NO,)  +  HNO,  =  C,H,.N,(NO,)  +  aOH,; 

AmidobeDiene  nitrate.  DUaobenxene  nitrate. 

and  that  if  this  diazobenzene  nitrate  be  then  mixed  with  platinic 
chloride  solution,  a  double  salt  of  diazobenzene  chloride  and 
platinic  chloride  is  precipitated,  which  furnishes  chlorobenzene 
on  distillation  with  sodic  carbonate,  being  broken  up  in  the 
following  manner  : 

aC.H5.N,Cl.PtCl^  =  2C,H5C1  +  Ng  +   Pt  +  aCl,. 

Diazobenzene  platinochloride.        Chlorobenzene. 

To  obtain  bromobenzene,  the  diazo-nitrate  is  treated  with  bromine 
water,  and  the  resulting  diazobenzene  perbromide  is  submitted  to 
distillation  with  sodic  carbonate  : 

C.Hg.N^Brj  =  C^H^Br  -h   N,   +   Br,. 

Diazobenzene  perbromide.    Bromobenzene. 

The  bromo-derivative  is  usually  best  prepared,  however,  by 
boiling  the  diazo-perbromide  with  anhydrous  alcohol^  or  in  some 
cases  by  the  action  of  a  concentrated  solution  of  hydrobromic 
acid  on  the  diazo-derivative. 

The  preparation  of  the  iodo-derivative  is  somewhat  easier^  as 
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it  is  merely  necessary  to  convert  the  xliazo- nitrate  into  the  oorre-( 
sponding  sulphate^  and  then  warm  with  a  concentrated  solution 
of  hydriodic  acid : 

C^Hj-NjCHSOJ   +   HI  =  C.H5I   +   Nj  +   HgSO^. 

DUiobeniene  talphjite.  lodobenzene. 

Oriess's  method^  therefore^  enables  us  to  displace  the  NH, 
group  by  CI,  Br,  or  I,  and  therefore  the  NO,  group.  The 
method  appears  to  be  applicable  to  all  the  monamido-derivatives 
obtained  from  the  nitro-derivatives,  but  it  has  not  as  yet  been 
extended  to  diamido-derivatives ;  unfortunately,  however,  the 
preparation  of  the  diazo-compounds  is  often  a  matter  of  con- 
siderable difficulty,  on  account  of  their  instability;  and  in  all 
cases  it  requires  careful  and  skilful  manipulation. 

Griess^s  method  also  enables  us  to  prepare  haloid  derivatives 
of  the  hydrocarbons  of  the  benzene  series  from  their  haloid-amido- 
derivatives,  formed  by  the  action  of  the  halogens  on  the  acet- 
amido-derivatives,  or  in  other  words  to  displace  the  NH,  group 
by  hydrogen.  For  this  purpose  the  nitrate  of  the  haloid  amido- 
derivative  is  converted  into  the  diazo-nitrate,  from  which  the 
diazo-sulphate  is  prepared;  and  on  heating  the  latter  with 
anhydrous  alcohol  nitrogen  is  evolved  and  the  haloid  derivative 
is  produced,  thus : 

C,H;Br^H,(NOJ   +   HNO,  =  C.H,Br,.N,(NO,)    +   aOH,; 
UbrananidobenaBDe  nitnte.  Dibnmodiaiobeniene  nltnle. 

C.H,Br,.K,(HSOJ   +  C,H..OH  =  C.H.Br,  +   N,  +  C,H,0   +   H,SO,. 
nfbranodinDbaDMne  ralphate.     Alcohol.       Dibromobensene.  Aldchjde. 

It  is  usually,  however,  sufficient  to  add  the  haloid  amido* 
derivative  to  alcohol  saturated  with  nitrous  anhydride,  that  is  to 
say,  to  act  on  it  with  ethylic  nitrite  : 

C^,Br,J?H,  +  NO,.C,H,  =   C.H.Br,   +   N,   +   C,H,0   +  OH,. 

Dllmimjuiiidobe&tene.     Ethylio  nitrite.    Dfbromobenxene.  Aldehyde. 

Chloro-  and  bromo-derivatives  of  the  hydrocarbons  of  the 
benzene  series  are  also  obtained  by  distilling  phenol  and  its 
homologues,  and  their  haloid  derivatives,  with  phosphoric  penta- 
chloride  or  bromide : 

C^Hg.OH  +  PQg  =   C^HgCl  +   HCl  +   POClj. 

PhcnoL  ChlorobenieDe. 

Many  of  the  haloid  derivatives  of  the  hydrocarbons  of  the 
benzene  series  are  oily  liquids,  whilst  the  remainder .  are  crystal- 
line solids ;  they  are  all  insoluble,  or  nearly  so,  in  witter,  hut 
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soluble  in  alcohol  and  many  of  the  ordinary  solvents.  Excepting 
those  formed  by  the  displacement  of  hydrogen  in  the  ''side 
chain''  they  are  all  extremely  stable^  the  halogen  being  displaced 
only  with  considerable  difficulty, 

(1308)  Haloid  Derivatives  of  Benzene. — Benzene  Heza- 
BBOMiDE  or  Hexabromheon/lene :  C^H^Br^. — ^There  can  be  little 
doubt  that  the  first  action  of  bromine  on  benzene  is  to  produce 
the  additive  compound  C^H^Br^,^  but  all  attempts  to  isolate  this 
have  failed  on  account  of  its  instability.  The  additive  compound 
CgH^Br^  is  also  unknown^  but  the  hexabromide  C^H^Br^  can 
readily  be  obtained.  To  prepare  this  compound,  a  mixture  of 
benzene  with  excess  of  bromine  is  exposed  to  bright  sunlight  for 
several  days  in  a  large  flask ;  the  product  is  purified  by  crys- 
tallization from  ether,  from  which  it  separates  in  minute  white 
rhombic  prisms.  It  is  fusible,  but  is  at  the  same  time  partially 
decomposed ;  when  heated  with  an  alcoholic  solution  of  potassic 
hydrate  it  furnishes  a  tribromobenzene. 

(1309)  Bromobenzenb  or  Phenylic  Bromide :  C^HgBr. — To 
prepare  this  compound  a  mixture  of  benzene  and  bromine  in  the 
proportions  of  their  molecular  weights  (78  :  160)  is  allowed  to 
stand  at  the  ordinary  atmospheric  temperature  for  several  days. 
The  bromine  does  not  disappear  entirely  even  after  long  standing, 
but  at  the  end  of  eight  or  ten  days  about  three-fourths  of  the 
benzene  is  usually  converted  into  bromobenzene,  a  small  quantity 
of  di-  and  tribromobenzene  being  also  formed.  The  product, 
after  being  washed  with  a  solution  of  sodic  hydrate  to  remove 
bromine,  and  dried  with  calcic  chloride,  is  submitted  to  fractional 
distillation.  Pure  bromobenzene  is  a  colourless  liquid^  of 
pleasant  aromatic  odour,  and  is  insoluble  in  water ;  it  boils  at 
154°— 155°  (309°-a— 311*"  F.),  and  at  o*"  (32°  F.)  has  the 
sp.  gr.  1-517. 

(13 10)  DiBROMOBENZENES  :  C^H^Br^. — Three  isomeric  modi- 
fications of  dibromobenzene  are  known^  two  of  which  are  pro- 
duced by  the  direct  action  of  bromine  on  benzene.  The  mann^ 
in  which  Eomer  has  determined  their  constitution,  it  will  be 
remembered,  has  already  been  described  (p.  268). 

Paradibromobenzene  :  CgH^Br^,  (Br  :  Br  =  i  :  4). — ^To  pre- 
pare this  body  a  mixture  of  one  molecule  of  benzene  and  rather 
more  than  two  molecules  of  bromine  is  heated  on  the  water-bath 
in  a  retort^  the  neck  of  which  is  fused  on  to  the  end  p£,a  Liebig's 
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condenser^  the  condenser  being  so  inclined  that  the  condensed 
vaponrs  of  benzene  and  bromine  flow  back  into  the  retort.  The 
heating  is  continued  until  but  little  hydrobromic  acid  is  evolved^ 
and  the  contents  of  the  retort  become  solid  on  cooling ;  the 
product  is  then  washed  with  soda^  and  distilled  in  a  current  of 
steam.  The  oil  which  passes  over  usually  deposits  a  large 
quantity  of  crystals  on  cooling ;  these  are  drained  from  the  oil 
on  a  vacuum  filter^  and  the  latter  is  cooled  in  a  refrigerating 
mixture^  which  causes  the  separation  of  a  further  quantity  of 
crystals.  This  crude  dibromobenzene  is  then  purified  by  one  or 
two  crystallizations  from  hot  alcohol^  in  which  it  is  readily 
soluble^  although  it  separates  almost  entirely  on  cooling. 

Paradibromobenzene  may  also  be  prepared  from  parabrom- 
amidobenzene  or  parabromaniline^  C^H^Br.NHj^^  by  the  method 
of  Griess;  or  by  distilling  parabromophenol^  C^H^Br.OH^  with 
phosphoric  pentabromide. 

Pure  paradibromobenzene  crystallizes  in  large  colourless 
monoclinic  prisms.  According  to  Komer^^  it  melts  at  89^*3 
( 1 92^7  F.),  and  boils  at  2i8°'6  (425^' S  F.)  under  the  pressure  of 
757*6  mm.  of  mercury  at  17^7  (64^  P.),  the  thermometer  stem 
being  entirely  immersed  in  the  vapour. 

Metadibromobensene :  CjH^Brj,  (Br  :  Br=i  :  3). — ^Thiamodi- 
fication  has  been  prepared  by  Griess's  method  from  meta- 
bromaniline  or  metabromamidobenzene^  C^H^Br.NHjp  and  by 
displacing  the  NH,  group  by  hydrogen  in  the  dibromaniline  or 
dibromamidobenzene^  C0HgBr2.NH,^  obtained  by  brominating 
acetanilid  or  acetamidobenzene^  C^H^.NH.CjHjO^  and  acting  on 
the  resulting  dibromacetanilid  with  potassic  hydrate : 

C^H,Br,.NH.C,H,0   +  KHO  =  CjH,Br3.NH,  +  KC^Kfir 

DOttoniicwtainVlobmwite.  mbronuunidolMniene.       Potaasio  acetate.  I 

It  is  a  colourless  liquid^  which  does  not  solidify  at  —  a8®  (— 18***4 
P.),  of  the  density  1-955  at  i8^-6  (65%  P.);  it  boils,  according 
to  Komer,  at  »i9°*4  (436*^*9  P.)  under  the  pressure  of  754*8  mm. 
of  mercury  at  19®  (66^-2  P.),  the  whole  of  the  mercury  column 
of  the  thermometer  being  heated  by  the  vapour.  Concentrated 
nitric  acid  converts  it  into  a  mixture  of  two  isomeric  nitrodi- 
bromobenzenesj    C^H^Brj-NO,,    one   of  which    melts   at   6i°'6 


*  The  original  memoir  in  which  all  Koraer's  statemente,  referred  to  in  the 
eonrse  of  the  description  of  the  henzene  derivatiyeByare  contained  is  in  the  Qazzetta 
Chimiea  Ilcdiana,  1874,  p.  305  et  seq.;  an  ahstract  of  this  memoir  is  given  in 
the  Journal  qf  the  Chemical  Society,  voL  xxix.  p.  204.  ^  . 
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(142^*8  P.),  and  the  other^  of  which  only  a  very  small  quantity  is 
formed,  melts  at  82®  (i 79^*6  F.)  (Korner). 

Orthodibromobemene  :  C^H^Brg,  (Br  :  Br=  i  :  2). — ^The  oil 
which  drains  from  the  crystals  of  paradibromobenzene  consists 
chiefly  of  orthodibromobenzene,  although  relatively  very  little  of 
this  compound  is  produced  by  the  action  of  bromine  on  benzene, 
and  it  also  contains  additive  compounds,  which  are  removed  by 
boiling  it  for  some  time  with  a  concentrated  alcoholic  solution  of 
potassic  hydrate ;  it  is  then  precipitated  by  water,  dried,  distilled, 
and  the  portion  boiling  at  213° — 216*^  (415^*4 — ^420^-8  P.)  col- 
lected apart.  In  order  to  firee  this  product  from  paradibromo- 
benzene, it  is  cooled  in  a  very  carefully-prepared  mixture  of  ice 
and  salt,  and  the  crystals  which  separate  are  filtered  off  on  a 
vacuum  filter  surrounded  with  a  refrigerating  mixture.  Hese 
operations  are  repeated  several  times  until  a  product  is  obtained 
from  which  crystals  no  longer  separate  even  at  —28°  (i8®'4  P.) 
(V.  Meyer,  DeiU,  chem.  Ges.  Ber,,  vii.  1560). 

Korner,  who  has  prepared  orthodibromobenzene  from  ortho- 
bromamidobenzene  by  Oriess's  method,  states,  however,  that  it 
crystallizes  when  cooled  to  —6°  (21^-2  P.)-  The  product  from 
benzene  is  said  to  boil  at  about  215°  (41 9*^  P.)  (uncorrected); 
but  Komer's  product  boiled  at  223°*8  (179**  P.)  under  the 
pressure  of  751*6  mm.  of  mercury  at  18^*2  (64°'8  P.),  the  mercury 
column  of  the  thermometer  being  immersed  in  the  vapour.  Its 
specific  gravity  is  2*003  at  o^  (32°  P.)>  and  1*977  at  ij^'6 
(63^7  P.)  (Korner).  Concentrated  nitric  acid  converts  it  into  a 
nitrodibromobenzene,  which  melts  at  57°*8  (136^  P.)  (Korner). 
According  to  V.  Meyer  (foe.  cit),  this  nitroorthodibromobenzene 
crystallizes  in  monoclinic  prisms,  whereas  the  isomeric  nitro- 
metadibromobenzene  melting  at  61^  (141^*8  P.)  crystallizes  in 
tricUnic  prisms. 

(1311)  TaiBROMOBENZENEs :  C^HjBrs. — The  three  isomeric 
tribromobenzenes  which  are  possible  according  to  Kekul^s  hy- 
pothesis have  been  obtained.  The  manner  in  which  the  consti- 
tution of  these  oompoanda  is  inferred  from  their  relation  to  the 
three  isomeric  dibromobenzenes  has  been  previously  described  in 
connexion  with  the  discussion  as  to  the  constitution  of  the 
benzene  derivatives  generally  (p.  268). 

Paratribromobenzene  .*  C^HjBrj,  (Br  :  Br  :  Br=  j  :  3  :  5). — 


*  It  may  be  laid  down  as  the  result  of  experience,  and  entirely  without 
reference  to  any  hypothesia  as  to  the  relative  position  of  the  radicles,  that  in  the 
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This  compoimd  is  readily  obtained  by  the  action  of  ethylic  nitrite 
on  ordinary  tribromaniline^   CgH,Br3.NH,  (Stiiber,  Deut.  cbemi 


case  of  the  isomerio  di-derivatives  of  benzene,  the  poro-di-derivatiTes  are  those 
which,  when  another  atom  of  hydrogen  is  displaced,  can  only  give  rise  to  a  sinffle 
tri-derivative  ;  whilst  the  <>rMo-di-deriyatives  are  those  which  can  give  rise  to  Uoo 
isomeric  tri-derivatives,  and  the  meta-di-deriyatives  those  which  can  furnish 
three  isonreric  tri-derivatives,  Similarly,  we  may  call  the  three  series  of  isomeric 
tri-deriTatiYes  para-,  ortko-,  or  tneta-  compouids,  according  as  when  another 
atom  of  hydrogen  is  displaced,  they  can  give  rise  to  the  formation  of  a  einffle  tetrap 
derivative,  o£tioo  isomeric  tetra-derivatives,  or  of  three  isomeric  tetra-derivatives. 
Bat  since,  according  to  Kekal^'s  hypothesis,  the  tri-derivatives  in  which 
the  radicles  are  relatively  in  the  position  i  :  3  :  5,  are  those,  whidi  can  only  form 
a  single  tetra-derivative,  they  merit  the  title  of  para"  compounds ;  those  tri* 
derivatives  in  which  the  radicles  are  relatively  in  the  position  1:2:3  can  fur- 
nish two  isomeric  tetra-derivatives,  and  therefore  are  the  ortha*  compounds ; 
lastly  the  1 :  2  : 4  tri-derivatives  can  furnish  three  tetra-derivalives,  and  henoe 
we  may  term  them  meia^  compounds ;  thus : 


TetrafaromobenMiMt  from  the  three  Trlbromobenieties. 
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Ges.  Ber.,  iv.  9$!  ;  Komer).  It  may  also  be  prepared  by  Griess's 
method  from  the  amidometadibromobenzene>  which  melts  at 
56®'5  (i33°7  F.)  (Komer).  Paratribromobenzene  crystallizes 
from  alcohol  in  long  needles  :  it  melts  at  about  119^  (246°' a  F.), 
and  boils  at  about  ajS^  (532®*4  F.)  (uncorrected). 

Metatribromobemene :  CjHgBrj,  (Br  :  Br  :  Br=i  :  a  :  4),  is 
the  modification  which  is  produced  by  the  action  of  bromine  on 
benzene,  and  also  when  benzene  hexabromide  is  decomposed  with 
potassic  hydrate : 

C,H.Br,  4-  3KHO   =  C.HjBrj  4-  sKBr  +  3OH3. 

Benzenehezabromide.  Trlbromobensene. 

It  may  be  obtained  by  distilling  ordinary  dibromophenol^ 
CgHgBr,.OH,  with  phosphoric  pentabromide,  but  it  is  most  readily 
prepared  by  Griess^s  method  from  ordinary  dibromaniline  or 
amidom^/adibromobenzene^  CjHgBrg.NHy  which  is  converted 
into  the  diazo-perbromide^  and  the  latter  distilled  with  a  large 
excess  of  sodic  carbonate  (Komer).  It  is  also  formed  in  a 
similar  manner  from  amidqpara  and  amidoor/Aodibromobenzene 
(Komer) ;  and  hence  since  it  can  be  obtained  from  the  three 
dibromobcDzenes  there  can  be  no  doubt  that  the  bromine  atoms 
occupy  the  positions  1:2:4^  or  which  is  the  same  i  13:4. 
Metatribromobenzene  crystallizes  from  alcohol  in  short  needles ; 
it  melts  at  44*^  (iii^'a  F.),  and  boils  at  about  275^  ^^%^^  F.) 
(uncorrected). 

Orthotribromobenzene :  C^HjBrj,  (Br  :  Br  :  Br=  i  :  a  :  3). — 
Komer  has  obtained  this  compound  by  cx)nverting  dibromopara* 
nitraniline,  CgHjBr3(N03).NHy  into  nitrotribromobenzene, 
CgHgBrj.NOjp  by  Griess's  method^  from  which  a  tribromamido- 
benzene  was  then  prepared^  and  the  NH,  group  in  this  compound 
displaced  by  hydrogen.  The  dibromoparanitraniline  was  ob- 
tained from  dibromoparanitrophenol,  CjH2Br,(N02).OH,  by  dis- 
placing the  OH  group  by  the  NHi,  group ;  and  since  both  the 
atoms  of  bromine  in  this  compound  are  in  the  ortho-position 
relatively  to  the  OH  group^  it  follows^  that  when  the  OH  group 
is  displaced  by  NHjp  and  this  in  turn  by  Br^  the  three  atoms  of 
bromine  are  contiguous^  thus  : 

OH  NH,  Br  Br 

Br/\Br 


Orthotribromo- 
beiuene. 
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Orthotribromobenzene    crystallizes   from   alcohol  in  magnificent 
rhombic  plates;  it  melts  at  87°-4  {iS^^'^  P.). 

(13 1 2)  Tetbabbomobenzenes  :  C^H^Br^. — Only  two  of  the  three  isomeric 
modifications  are  known,  viz. :  (i  :  2  :  3  :  5)  tetrahromohenxene,  which  is  formed 
by  displacing  the  NH,  group  in  ordinary  tribroraaniline,  C^HjBr3.NH3,  by  Br 
by  Griess's  method  (v.  Richter,  Deut  chem,  Ges.  Ber.,  viii.  1428),  or  by  dis- 
tilling ordinary  tribromophenol,  CgH^Br^.OH,  with  phosphoric  pentabromide ;  and 
that  obtained  by  heating  paradibromobenzene  with  excess  of  bromine  to  150® 
(302°  P.)  (Riche  and  Berard),or  nitrobenzene  with  bromine  to  250°  (482°  F.) 
(Kekul^),  in  which  the  bromine  atoms  probably  occupy  the  positions  1:2:4:5. 

Both  crystallize  from  alcohol  in  white  needles ;  tlie  former  melts  at  98°" 5 
(2o9°'3  P.),  and  the  latter,  according  to  Kekul6,  at  137°— 140''  (278'*-6— 
284^  P.). 

(13 13)  Pentabbomobenzexe  :  C^HBr^. — Kekule  obtained  this  compound 
in  small  quantity  together  with  tetrabromobenzene,  by  heating  nitrobenzene  with 
bromine  to  250°  (482°  P.).  It  is  almost  insoluble  in  alcohol,  but  sublimes 
readily  in  needles  which  do  not  melt  below  240°  (464°  P.). 

Hexabromobenzene  has  not  been  prepared. 

(13 14)  Benzene  Hexachloridb,  or  Hexachlorhexylene  : 
CgHgCIg. — Chlorine  has  scarcely  any  action  on  cold  benzene  in 
the  dark^  bnt  according  to  H.  Miiller  {Jakresber,  Chem.,  i86z, 
414)  when  chlorine  acts  on  boiling  benzene  even  in  darkness  a 
mixture  of  the  three  additive  compounds,  CgHgClg,  CgHgCl^,  and 
C^HgClg,  is  slowly  produced,  and  but  very  little  substitution 
product  is  obtained.  The  only  additive  compound  which  has 
been  isola'^ed  and  described,  however,  is  the  hexachloride.  This 
body  is  formed  by  passing  chlorine  into  boiling  benzene,  or  by 
introducing  benzene  into  a  large  white  glass  flask  or  bottle  filled 
with  chlorine,  and  exposing  the  mixture  to  sunlight.  The  former 
appears  to  be  the  easier  method,  although  a  very  great  deal  of 
the  chlorine  escapes  without  acting  on  the.  benzene :  the  un- 
attacked  benzene  is  distilled  oflf^  and  the  crystals  which  separate 
on  cooling  are  recrystallized  from  benzene. 

Benzene  hexachloride  crystallizes  from  benzene  in  large 
transparent  colourless  monoclinic  prisms;  it  melts  at  157° 
(314^*6  P.)  (Heys,  Zeiis.  Chem,  [2],  vii.  293).  It  is  not  in  the 
least  affected  by  boiling  with  fuming  nitric  acid,  or  a  mixture  of 
concentrated  sulphuric  and  fuming  nitric  acids  (Heys).  When 
heated  with  an  alcoholic  solution  of  potassic  hydrate,  it  is  readily 
converted  into  trichlorobenzene. 

(1315)  Chlorobenzene,  or  Phenylic  Chloride:  CgHgCl. — 
In  presence  of  such  substances  as  iodine,  molybdenic  penta- 
chloride,  or  antimonic  pentachloride,  chlorine  acts  rapidly  on 
benzene.     The  use  of  iodine  and  of  antimonic  pentachloride  was 
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first  noticed  by  H.  Miiller  {loc.  cit.)^  and  by  the  aid  of  the 
former  Jungfleisch  has  prepared  a  complete  series  of  chlorinated 
benzenes.  The  employment  of  molybdenic  pentachloride  has 
recently  been  introduced  by  Aronheim  (^Deui.  chem.  Ges.  Ber.y 
viii.  1400).  Iodine  and  molybdenic  pentachloride  are  less 
energetic  reagents  than  antimonic  pentachloride,  and  are 
therefore  to  be  chosen  when  the  lower  derivatives  are  re- 
quired. 

When  chlorine  is  passed  into  benzene  containing  iodine  in 
solution,  chlorobenzene  is  first  formed,  then  dichlorobenzene ; 
and  it  is  only  necessary  to  heat  the  mixture  gently  at  first,  after 
which  the  action  goes  on  by  itself.  When  the  greater  part  is 
converted  into  dichlorobenzene,  the  mass  solidifies  on  cooling ; 
but  on  continuing  the  passage  of  the  chlorine,  it  becomes  liquid 
again  owing  to  the  formation  of  trichlorobenzene.  As  the 
change  into  tetrachlorobenzene  takes  place  the  mass  again  soli- 
difies, and  it  is  necessary  to  heat  more  strongly  during  the  con- 
version of  the  tetra-  into  pentachlorobenzene,  although  when 
the  latter  is  produced  the  mass  becomes  more  fusible.  It- is 
not  easy  to  prepare  hexachlorobenzene  in  this  manner,  owing  to 
the  comparatively  high  temperature  required,  and  the  conse- 
quent loss  of  iodine  by  volatilization. 

All  the  chloro-derivatives  of  benzene  are  thus  formed  in  rapid 
succession,  and  after  a  certain  time  a  greater  or  less  amount  of 
each  appears  to  be  present  in  the  product,  although  one  of  them 
always  predominates,  so  that  by  stopping  the  action  at  certain 
stages  we  may  isolate  any  one  of  the  desired  bodies.  Small 
quantities  of  iodobenzenes  are  also  present  in  the  mixture  j  but  by 
exposure  to  sunlight  or  by  distillation,  these  are  decomposed  with 
liberation  of  iodine,  which  may  then  be  removed  by  treatment 
with  potassic  hydrate. 

To  prepare  chlorobenzene,  chlorine  is  passed  into  benzene 
mixed  with  iodine,  the  mixture  being  gently  heated  at  first,  after 
which  the  action  goes  on  by  itself.  The  liquid  is  distilled  from 
time  to  time,  and  the  portion  boiling  above  130°  (266°  P.)  set 
aside,  the  portion  boiling  below  this  temperature  being  again 
submitted  to  the  action  of  the  chlorine.  When  a  sufficient 
quantity  of  crude  chlorobenzene  has  been  obtained,  it  is  first 
purified  by  alternate  agitation  with  potassic  hydrate  solution,  and 
exposure  for  several  days  to  sunshine,  which  causes  the  decomposi- 
tion of  the  small  quantities  of  iodobenzenes  present,  and  finally 
fractionally  distilled. 
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Chlorobenzene  is  also  produced  when  phenol  is  distilled  with 
phosphoric  pentachloride : 

4C,H5.0H   +   PCI,  =   C,H,C1   +  P0(0C,H,)3   +  4HCL 

Tbenol.  Chlorobensene.        Phenylie  phosphate. 

According  to  Jungfleisch  {Ann.  Ch.  Phys.  [4],  xv.  212) 
chlorobenzene  is  a  limpid  colourless,  highly  refractive  liquid  of 
sp.  gr.  1*1293  ^^  0°  ^3^°  P-)^  1-1169  at  10°  (50°  F.),  and  rio88 
at  20°  (68°  F.) ;  it  boils  at  133°  (27i°*4  F.).  When  cooled  in  a 
mixture  of  solid  carbonic  anhydride  and  ether  it  solidifies  to  a 
crystalline  mass,  which  becomes  liquid  at  about  —40°  (-40°  F.). 
It  is  not  in  the  least  affected  when  heated  to  200°  (392°  F.)  in 
sealed  tubes  with  an  alcoholic  solution  of  potassic  hydrate. 

Iron,  copper,  zinc,  and  tin  do  not  act  appreciably  on  chloro- 
benzene even  at  250°  (482°  P.),  and  it  is  not  attacked  by 
potassium  or  sodium  in  the  cold,  although  it  furnishes  diphenyl, 
CijHjQ,  when  heated  with  these  metals. 

Chlorine  has  little  action  on  chlorobenzene  in  the  dark,  but 
when  the  mixture  is  exposed  to  sunlight  rapid  action  takes 
place,  and  the  additive  compounds,  C^H^Clj,  C^HgCl,,  C^H-Cl^,  and 
perhaps  C^H-Cl^,  are  formed ;  if  a  large  excess  of  chlorine  be 
employed,  higher  chlorinated  compounds  are  also  produced,  such 
as  CgH^Cl^  CgH^Clg,  and  CgH^Clg  (Jungfleisch).  The  only  one 
of  these  that  has  been  obtained  in  a  state  of  purity  is  the 
compound  C^H^Clg,  which  crystallizes  from  chloroform  in  small 
oblique  rhombic  prisms;  it  does  not  fuse  below  250°  (482° F.), 
but  undergoes  partial  decompositioti  even  below  that  tempera- 
ture; when  treated  with  an  alcoholic  solution  of  potassic 
hydrate  it  furnishes  pentachlorobenzene : 

CjH.Clg  +  3KH0.=  CgHClg   +  3KCI  +   3OH2. 

(13 16)  DiCHLOROBENZENES  :  C^H^Clg. — The  continued  action 
of  chlorine  on  benzene  in  presence  of  iodine  results  chiefly  in 
the  formation  of  j^aradichlorobenzene,  but  a  small  quantity  of 
cw/Aodichlorobenzene  is  also  produced. 

Paradichlorobenzene  :  CgH^Clg,  (CI :  Cl=  I  :  4). — This  com- 
pound may  be  prepared  by  passing  chlorine  into  a  solution  of 
iodine  in  benzene  until  the  liquid  partly  solidifies  in  the  crystal- 
line state  on  cooling;  but  the  method  which  is  perhaps  pre- 
ferable is  to  employ  benzene  mixed  with  about  one  per  cent,  of 
its  weight  of  molybdenic  pentachloride.  The  mixture  is  gently 
heated,  and  chlorine  passed  until  the  increase  of  weight  is  about 
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that  required  by  theory.  On  cooling  the  product,  a  large 
quantity  of  crystals  separate,  which  are  drained,  pressed,  dis- 
tilled, and  finally  crystallized  from  alcohol.  A  further  quantity 
of  solid  dichlorobenzene  may  be  obtained  by  fractionally  dis- 
tilling the  liquid  which  drains  from  the  crystals,  and  cooling  the 
distillates  (Aronheim,  loc,  cit.). 

Paradichlorobenzene  is  also  obtained  by  distilling  parachloro- 
phenol,  CgH^Cl.OH,  with  phosphoric  pentachloride,  and  by 
Griess^s  method  from  parachloramidobenzene  or  parachloraniline. 

Paradichlorobenzene  crystallizes  from  ether  in  large  right 
rhombic  prisms ;  from  hot  alcohol,  in  which  it  is  very  soluble,  it 
separates  in  much  smaller  crystals ;  it  readily  sublimes  even  at 
the  ordinary  temperature.  According  to  Korner,  it  melts  at 
56°'4  (i33°'5  F.),  and  boils  at  173°  (343^4  P.);  but  according 
to  Jungfleisch,  it  melts  at  53°  (i27°-4  F.),  and  boils  at  171° 
(339°-8  F.).  When  exposed  to  sunlight,  in  presence  of  chlorine, 
it  furnishes  a  mixture  of  additive  compounds,  only  one  of  which 
(CgH^Clg),  however,  has  been  isolated  (Jungfleisch). 

Metadichlorobenzene :  CgH^Clg,  (CI  :  CI  =  i  :  3),  prepared  by 
Griess's  method  from  metachloramidobenzene,  CgH^Cl.NHg,  is  a 
colourless  liquid  which  boils  at  172°  (341^6  F.) ;  it  does  not 
solidify  in  a  mixture  of  ice  and  salt  (Komer). 

Ortkodichlorobenjsene :  CgH^Clg,  (CI  :  Cl=i  :  2). — This  modi- 
fication is  produced  by  distilling  ortljochlorophenol,  C^H^CLOH, 
with  phosphoric  pentachloride,  and  together  with  paradichloro- 
benzene by  the  action  of  chlorine  on  benzene.  To  obtain  it  pure 
from  the  latter  source,  the  oil  boiling  at  J75® — 183°  (347° — 
365°  F.)  is  separated  as  far  as  possible  from  the  para-compound 
by  cooling,  and  is  then  warmed  with  moderately  strong  fuming  sul- 
phuric acid  on  the  water-bath  :  the  paradichlorobenzene  which  it 
contains  is  not  acted  upon  by  the  acid  under  these  circumstances, 
but  the  isomeride  is  converted  into  a  sulpho-acid,  CgHgClg.HSOjj, 
and  on  pouring  the  mixture  into  water,  the  latter  dissolves,  the 
paradichlorobenzene  remaining  undissolved.  The  solution  is  then 
treated  with  baric  carbonate,  the  baric  salt  of  the  sulpho-acid 
decomposed  with  the  necessary  quantity  of  sulphuric  acid,  and 
the  solution  evaporated  to  dryness  :  when  the  sulpho-acid  thus . 
obtained  is  distilled  from  the  oil-bath,  pure  orthodichlorobenzene 
passes  over  (Beilstein  and  Kuhlberg,  Deut,  chem,  Ges,  Ber.y  vii. 
1759).     ^^  ^®  ^  colourless  liquid,  which  boils  at  179°  (354^*2  F.). 

JuDgfieisch  only  noticed  tHe  formation  of  a  single  dichlorobenzene  from 
benzene,  and  be  also  obtained  only  one  tri-  and  one  tetracblorobenzene ;  but  on 
decomposing  with  potassic  hydrate  the  mixture  of  additive  compounds  formed 
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from  chlorobenzene  by  an  excess  of  chlorine,  a  product  was  obtained  containinj^ 
Bmall  quantities  of  chlorobenzenes  identical  with  those  formed  directly  from 
benzene,  together  with  isomeric  bodies  of  much  lower  melting-point.  As  these 
compounds  do  not  appear  to  have  been  prepared  in  a  stiite  of  purity,  owing  to 
the  small  quantity  which  was  produced,  we  have  no  reliable  information  as  to 
their  nature. 

(131 7)  Tbichlobobenzen£9  :  C^H^Cl,. — Paratrichlorobenzene  (CI  :  CI  : 
^  =  I  •  3  =  5)»  obtained  by  Griess's  method  from  ordinary  trichlofaniline, 
CjHjClj.NHj,  closely  resembles  the  corresponding  tribromobenssene;  it  crystallizes 
in  lonjr  needles,  which  melt  at  63°*4  (i46°i  F.)  (Komer). 

Metatrichlorohenzene :  C^H^Cl,,  (CI  :  CI  :  CI  =  I  :  2  :  4).— The  trichloro- 
benzene  obtained  by  chlorinating  benzene,  or  by  acting  on  benzene  hezachloride 
with  potassio  hydrate,  appears  to  be  this  modification.  It  crystallizes  in  large 
right  rhombic  prisms,  and  melts  at  17^  (62''-6  F.) ;  it  boils  at  206®  (402***8  F.). 
When  exposed  to  sunlight  in  presence  of  chlorine  it  furnishes  a  series  of  crystalline 
additive  compounds  (Jungfleisch). 

Jungfleisch  obtained  an  isomeric  trichlorobenzene  melting  at  about 
60°  (140**  F.)  from  the  oily  product  of  the  decomposition  of  the  additive 
chloro-compounds  of  chlorobenzene  with  potassic  hydrate.  Judging  from  its 
melting  point  it  appears  probable  that  this  body  is  paratrichlorobenzene.  . 

( 13 1 8)  Tetbachloboben ZENE :  C^H^Cl^. — The  product  obtained  by  passing 
chlorine  into  a  solution  of  iodine  in  benzene  until  the  mixture  boils  at  about 
2  20°  (428^  F.)  consists  chiefly  of  a  tetrachlorobenzene  in  ^hich  the  chlorine 
atoms  probably  occupy  the  portions  i  ;  2  :  4  :  5.  It  crystallizes  in  rhombic 
prisms  which  melt  at  139°  (282°*2  F.),  and  it  boils  at  240°  (464°  F.).  It  slowly 
combines  with  chlorine  in  the  sunlight,  forming  an  oily  product. 

Jungfleisch  and  Otto  (Ann.  Chem.  PAarm.,  cxl.  104)  have  described  an 
isomeric  tetrachlorobenzene  melting  at  35^  (95°  F.)  and  boiling  at  about  253^ 
(487^*4  F),  obtained  from  the  additive  chloro-oompounds  of  chlorobenzene.  it 
crystallizes  in  long  needles  and  is  readily  soluble  in  hot  alcohol,  which  dissolves 
the  isomeric  body  very  sparingly. 

Laden  burg  has  also  noticed  the  formation  from  chlorobenzene  in  this 
manner  of  a  tetrachlorobenzene  of  low  melting  point  (Deut.  chem.  Oes. 
JBer.,  V.  789). 

A  third  tetrachlorobenzene  (i  :  2  :  4  :  6)  is  obtained  by  the  action  of  phos- 
phoric pentachloride  on  trichlorophenol ;  it  crystallizes  in  short  needles,  and 
melts  at  45°  (1 13°  F.).       - 

( 1 3 1 9)  Pentachloboben2»ne  :  CgHCl^ — The  product  which  boils  at  about 
260°  (500^  F.)  obtained  by  the  continued  action  of  chlorine,  on  benzene  iu 
presence  of  iodine  consists  chiefly  of  a  mixture  of  penta-  and  hexachlorobenzene. 
In  order  to  separate  these,  the  mixture  is  treated  with  boiling  alcohol :  the 
former  being  much  more  soluble  dissolves,  and  the  crude  pentachlorobenzene  is 
then  several  tim^s  recrystallized  from  benzene.  Pentachlorobenzene,  which  crys- 
tallizes from  alcohol  in  iine  needles,  melts  at  74°  (165"' 2  F.),  and  boils  at 
272°  (521* '6  F.).  When  exposed  to  sunlight  with  chlorine,  it  is  very  slowly 
converted  into  an  oily  subcstance  without  any  evolution  of  hydrochloric  acid. 

Jungfleisch  and  Otto  state  that  an  iriomerio  body  of  higher  melting  point 
may  be  obtained  by  treating  the  ehloro-  additive  compounds  of  chlorobenzene  with 
potassic  hydrate ;  their  experiments  have  been  repeated  by  Ladenburg,  however, 
who  has  shown  that  the  supposed  isomeric  pentachlorobenzene  is  nothing  more 
than  impure  hexachlorobenzene  {loc.  cit.,  and  ibid.  vi.  32).  Ladenburg  finds  the 
melting  point  of  pentachlorobenzene  to  be  85° — 86°  (185° — 186°*8  F.),  and  its 
boiling  point  275°— 277°  (527°— 530°-6  F.).  , 

(1320)  Hexachlobobe>'Z£NE  :  C^Clj.—Thb  compound  is  the  final  prod^^ 
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of  the  action  of  cbloriDe  on  benzene  in  presence  of  iodine,  SbCl^,  <&o.,  and  also  of 
the  action  of  chloride  of  iodine  on  the  homologaes  of  benzene ;  it  is  also  formed  by 
passing  chloroform  vapoar  through  a  red-hot  tube  (Bassett,  Journ,  Ckem.  Soc. 
[2],  V.  443),  and  by  heating  tetrachlorethane  or  acetylene  tetrachloride,  C^H^CI^f 
in  sealed  tubes  to  300°  (572^  F.)  for  15  hours  (Berthelot) : 

C,H,C1^   =   2HCI   +   C,C1,     ;     3C,C1,   =  C.Cl,. 

Tetraohlozethaae.  Dlchlonoetylene.      DioUor-      Hexachloro-> 

acetylene.       benzene. 

It  is  most  readily  prepared  by  passing  chlorine  into  a  mixture  of  benzene  with 
antimouic  pentachloride  until  hydrochloric  acid  is  no  longer  evolved.  The  pro- 
duct is  then  treated  with  concentrated  hydrochloric  acid  to  remove  the  antimony 
compound,  washed  with  water,  dried,  extracted  with  boiling  alcohol,  and  finally 
crystallized  from  a  mixture  of  alcohol  and  benzene.  It  forms  long,  slender, 
silky  needles  of  dazzling  whiteness;  it  melts  at  226°  (438^*8  F.),  and  boils  at 
326°  (6 1 8^*8  F.)  (corr.)*  It  does  not  appear  to  unite  with  chlorine  in  sunshine 
(Jungfleisch) ;  and  it  is  not  in  the  least  affected  when  boiled  with  an  alcoholic 
solution  of  potassic  hydrate. 

(132 1)  Fluobbbnzbnb  :  CjHjF. — This  compound,  which  is  the  only 
fluorine  derivative  of  a  hydrocarbon  yet  investigated,  is  obtained  by  distilling 
the  calcic  salt  of  fluorbenzoic  acid  with  about  four  times  its  weight  of  calcic 
hydrate : 

(C,H,  F.  CO,),Ca   +  Ca(OH),  =    2C,H,  F   +    2CaC0,. 
Calcic  flaorbetiaoate.  Floorbenzene. 

It  is  purified  by  fractional  distillation.  Fluorbenzene  crystallizes  in  scales  which 
melt  at  40^  (104°  F.) ;  it  boils  at  i8o°— 183°  (356°— 36i''-4  F.).  It  is 
insoluble  in  water,  but  readily  soluble  in  alcohol  or  ether  (Schmitt  and  Gehren, 
Journ.  pr.  Chem,  [2],  i.  400). 

(1322)  loDOBBNZEME  or  phentfUc  iodide:  CfiJ., — lodobenzene  cannot  be 
prepared  by  the  action  of  iodine  on  benzene,  but  when  benzene  is  heated  with 
iodine  and  iodic  acid  in  sealed  tubes  to  200° — 240®  (392° — 464**  F.)  a  mixture 
of  iodobenzene  and  di-  and  tri-iodobenzene  is  produced  (Kekul^) ;  the  tubes 
should  be  opened  from  time  to  time  in  order  to  permit  the  escape  of  the  carbonic 
anhydride  resulting  from  secondary  reaction.  The  non-formation  of  iodobenzene 
by  the  action  of  iodine  alone,  is  due  to  the  reconversion  of  this  compound  into 
benzene  by  the  hydriodic  acid  generated  in  its  formation  from  benzene  and 
iodine,  thus : 

C.H,   +  I,  =   C,H,I  +  HI    ;     C,H,I  +  HI   =  C.H.   +   I,. 

Benzene.  Iodobenzene.  Iodobenzene.  Benzene. 

When  iodic  acid  is  present,  however,  the  hydriodic  is  removed  from  the  sphere 
of  action  as  soon  as  it  is  formed,  and  the  iodobenzene  no  longer  undergoes 
reduction : 

C.H.  -I-   2I.   -I-   HIO.  =    sC.H^I   .».   3OH,. 

Iodobenzene  is  most  conveniently  prepared  by  Griess's  method  by  the  action 
of  hydriodic  acid  on  diazobenzene  sulphate  from  amidobenzene  or  aniline^ 
C,H..NH,: 

C.H,.N,(HS0J   +  HI  =   C,H;[   +  N,  +   H^O,. 

Diazobenzene  sulphate.  lodobenzene. 


•  The  boiling  point  determined  with  Berthelot 's  air  thermometer  was  332* 
(629°-6  F.)  J  Bassett  mentions  331®  (62  7°-8  F.)  as  the  corrected, boiling^  point 
of  hexachlorobenzene.  Digitized  by  GoOgle 
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It  18  also  formed  by  the  action  of  iodide  of  phospborus  on  pbenol,  and  by  the 
action  of  iodine  chloride  on  sodic  benzoate : 

C.H,.CO,Na  +   la   =    C,H,.CO,T   +   NaCl. 
Sodlo  bensoate.  Iodine  benzoate. 

C,H,.CO,I  =  C.H,I  +  CO.. 

Iodine  benioate.     lodobenzene. 

It  is  a  colourless  liquid,  having  an  odour  similar  to  that  of  benzene  and 
phenol,  and  does  not  solidify  at  -  18°  ( -  o®-4  P.).  Its  sp.  gr.  at  15°  (59°  P.)  is 
1*833,  *"^  i^  ^il*  **  185®  (365°  P.).  It  is  easily  converted  into  benzene  by 
the  action  of  sodium  amalgam  and  water,  or  by  heating  it  with  aqueous  hydriodic 
acid  to  250°  (482°  P.),  but  it  is  not  acted  on  by  potassic  hydrate. 

(1323)  DiiODOBBKZBNBS.  Paradiiodohenzene.'CfiJ.^,  (1:1=1:  4). — ^This 
compound  is  formed  together  with  iodo-  and  tri-iodobenzene  when  benzene  is 
heated  with  iodine  and  iodic  acid,  and  by  Griess's  method  from  paramidoiodo- 
benzene,  C,HJ.NH  .  It  crystallizes  in  larainro  which  melt  at  I29°'4(264°'9  P.)> 
and  resemble  naphthalene  in  appearance  (Korner). 

Metadiiodohenzene:  C^HJ.,  (I:  I  =  i :  3),  prepared  from  metamidoiodobenzene 
by  Griess's  method  resembles  the  para-compound;  it  melts  at  40°*5  (io4''*9  P.)» 
and  boils  at  285°  (545**  P.)  (Korner). 

Orthodiiodobenzene :  C,H^I,f  (I  :I  =  i  :  2),  from  orthamidoiodobenzene,  is  a 
crystalline  solid,  and  boils  at  a  higher  temperature  than  its  isomerides  (Korner). 

(1324)  Tbiiodobbnzbne  :  CjHjI,. — The  only  known  modification  of  this 
compound  is  that  obtained  together  with  iodo-  and  diiodobenzene  on  heating 
benzene  with  iodine  and  iodic  acid;  it  forms  small  needles,  which  melt  at  J 6^ 
(i68°-8  P.)  (Kekul^). 

(1325)  Chlobobromobenzbnb.  Parachlorobromohenzene :  C^H^BrCl 
(Br:Cl=l:4). — This  compound  is  formed  by  heating  ohlorobenzene  on  the 
water-bath  with  an  excess  of  bromine  until  the  product  solidifies  on  cooling,  and 
by  Griess's  method  from  parachlor-  and  parabromamidobenzene.  It  resembles 
paradibromobenzene,  but  melts  at  6j°'4  (i53*'3  P.)  and  boils  at  196** '3 
(385°-3  P.)  (Korner). 

(1326)  Beomiodobbnzbnbs  :  C^H^Brl. — Korner  has  prepared  the  three 
isomeric  bromiodobenzenes  from  the  three  bromamidobenzenes  by  Griess's 
method. 

Parabromiodohenzene  (Br :  I  =:  i :  4)  crystallizes  in  plates  and  prisms  like 
paradibromobenzene  ;  it  melts  at  92''  (i97**'6  P.),  and  boils  at  25i®-5  (484^7  P.). 

MetabramiodobeTtzeTie  (Br :  I  =  i  :  '3)  is  a  colourless  liquid  which  boils  at 
252°  (485°-6  P.). 

Orthobromiodobenzene  (Br :  I  =  i :  2)  is  also  a  colourless  liquid,  but  boils  at 

257°'5  (495°-S  F.)- 

(1327)  CaLOBioDOBBNZBNBS:  C^HJCl. — Parochloriodobenzene  (Cl:I- 
1:4)  from  paraohloramidobenzene,  is  a  crystalline  solid;  it  boils  at  227^*6 
(441  °'6  P.)  under  the  pressure  of  751-2  mm.  of  mercury  at  27''  (806  P.) 
(Korner). 

Orikoekloriodobenz^  (CI :  I  =  i :  2),  from  orthochloramidobenzene,  is  » 
liquid  boiling  above  233**  (4Si°*4  P.)  (Korner). 

(1328)  CHL0R0>DBRiYATiyE3  OF  ToLUENB. — It  has  already 
been  pointed  out  that  the  action  of  chlorine  on  the  homologues 
of  benzene  causes  the  displacement  of  the  hydrogen  in  the 
C^  group  when  the  hydrocarbon  is  well  cooled,  and  a  similar 
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result  is  obtained^  especially  in  presence  of  iodine,  and  molybdenic 
or  antimonic  pentachlorides,  even  if  the  hydrocarbon  be  heated. 
When  chlorine  acts  upon  the  boiling  hydrocarbon,  however,  the 
reaction  is  different,  only  the  hydrogen  in  the  side  chain  being 
displaced. 

To  prepare  the  former  class  of  derivatives,  a  small  quantity 
of  iodine  or  molybdenic  pentachloride*  is  added  to  toluene, 
and  the  mixture  gently  heated,  whilst  chlorine  is  passed 
into  it  until  about  the  theoretical  amount  has  been  employed ; 
this  may  readily  be  ascertained  by  connecting  an  apparatus  for 
absorbing  the  hydrochloric  acid  produced,  to  the  other  end  of  the 
condenser  to  which  the  flask  containing  the  mixture  is  attached  ; 
the  flask  and  the  absorption  apparatus  being  weighed  together 
from  time  to  time.  The  product  is  then  fractionally  distilled, 
and  the  portion  which  boils  lower  than  the  derivative  which  is 
being  prepared  again  submitted  to  the  action  of  chlorine,  whilst 
the  portion  of  higher  boiling  point  may  be  employed  in  the  pre- 
paration of  higher  chlorinated  derivatives.  By  this  means,  the 
formation  of  those  derivatives  in  which  the  hydrogen  in  the  side 
chain  is  displaced  is  entirely  avoided,  although  they  may  readily 
be  prepared  in  a  similar  manner  by  merely  passing  the  chlorine 
into  pure  boiling  toluene,  taking  care  to  avoid  the  use  of  iodine 
or  metallic  chlorides. 

We  are  chiefly  indebted  to  Beilstein  and  Kuhlberg  and  to 
Limpricht  for  our  knowledge  of  these  compounds,  which  will  be 
found  described  at  length  in  the  following  papers : — Limpricht, 
Ann.  Chem.  Phann.^  cxxxix.  303 ;  Beilstein  and  Geitner,  ihid. 
cxxxix.  331;  Beilstein  and  Kuhlberg,  ibid,  cxlvi.  317;  cl.  386; 
clii.  224  and  247;  clxxix.  282. 

The  various  chloro toluenes  may  be  represented  in  a  very 
simple  manner  as  suggested  by  Beilsteui  and  Kuhlberg,  by  in- 
dicating by  figures  placed  before  their  names  the  number  of 
atoms  of  hydrogen  displaced  by  chlorine,  either  in  the  CgHg  or 
the  CHg  group  of  toluene,  or  in  both  groups.  Thus  we  may 
distinguish  the  three  dichlorotoluenes  represented  by  the 
formulae : 

C^H3Clj.CH3  ;  C^H^CLCHjCl  ;  CgHg.CHCl 
as  (2-0)  dichlorotoluene,  (i-i)  dichlorotoluene,  and    (0—2)   di- 


*  Although  this  substance  has  not  been  much  used  hitherto,  it  is  probaWy'to 
be  preferred, ibr  when  iodine  is  emplojed,  small  quantities  of  iodo-derivatives  are 
iorinod  which  can  only  be  removed  with  eztreme  difficulty. 
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chlorotoluene  respectively.  If  it  be  desired  to  give  systematic 
names  to  the  chlorotoluenes,  the  first  of  these  compounds  may  be 
termed  methyldichlorobenzene,  the  second  chloromethylchloro- 
bensene,  and  the  third  dichloromethylbenzene. 

(1329)  MoNocHLOKOTOLUENEs.  —  (i-o)  ChloTotoltienes  or 
Methylchlorobensenes :  C^H^Cl.CHg. — The  first  product  of  the 
action  of  chlorine  on  toluene  in  presence  of  iodine  consists  chiefly 
of  parachlorotoltiene  (CH3  :  CI  =  i  ;  4),  but  orthochlorotoluene  is 
also  produced:  the  mixture  of  these  bodies  boils  at  158° — 161^ 
(3i6°-4— 3:ji°-8  P.),  and  has  at  27°  (8o°-6  F.)  the  sp.  gr.  1-073. 
It  is  not  known  whether  metachlorotoluene  (CHg  :  CI  =  i  :  3)  is 
also  formed.  Pure  parachlorotoluene  obtained  by  Griess's  re- 
action from  paramidotoluene  or  paratoluidine,  CqH4(NH2)CH3,  is 
a  white  crystalline  substance,  melting  at  6°'5  (43°7  F.),  which 
boils  at  i6o°*5  (3  20^*9  F.);  it  furnishes  parachloroben zoic  acid, 
CjH^Cl.COOH,  on  oxidation  (Huebner  and  Majert,  Deut,  chem. 
Ges.  Ber,,  vi.  790).  Metachlorotolueue  similarly  prepared  from 
metatoluidine  is  a  liquid  which  boils  at  156°  (312°  8  F.),  and 
yields  metachlorobenzoic  acid  on  oxidation  (Wroblevsky,  Ann. 
Chem.  Pharm.,  clxviii.  147).  Potassic  cyanide,  acetate,  or  sul- 
phide, and  also  silver  salts  are  entirely  without  action  on  these 
chlorotoluenes. 

(o-i)  Chlorotoluene^  Chloromethylbenzene  or  Benzylic  chloride  : 
CgHg.CHjCl,  which  is  the  first  product  of  the  action  of  chlorine 
on  heated  toluene,*  is  also  formed  by  the  action  of  hydrochloric 
acid  on  benzylic  alcohol,  CgHg.CHjfOH).  It  is  a  colourless 
mobile  liquid,  the  vapour  of  which  produces  a  peculiar  irritation 
of  the  eyes,  causing  a  flow  of  tears,  whereas  the  (i— o)  chloro- 
toluenes have  no  such  action.  It  boils  at  176°  (348*^*8  F.),  and 
also  has  a  higher  specific  gravity  than  (1—0)  chlorotoluene.  On 
oxidation  it  is  converted  into  benzoic  acid,  C^Hg.COOH,  being 
far  more  readily  oxidized  than  it»  isomerides ;  it  is  also  decom- 
posed when  heated  with  water,  sodic  ethylate,  alcoholic  ammonia 
solution,  or  potassic  cyanide  or  sulphide  in  alcoholic  solution. 
Benzylic  chloride,  in  fact,  closely  resembles  the  monochlorinated 
paraflins^  entering  into  reactions  of  double  decomposition,  and^ 
like  them,  being  convertible  into  the  corresponding  alcohol. 


*  When  chlorine  is  passed  into  toluene  the  action  at  once  commences,  and 
mnch  heat  is  evolved,  so  that  if  the  current  of  gas  be  rapid  the  hydrocarbon  is 
even  caused  to  boil ;  the  product  consists  almost  entirely  of  benzylic  chloride. 
In  presence  of  iodine,  however,  the  action  is  comparatively  sluggish,  the  (i—o) 
chlorotoluenes  being  much  less  readily  formed  than  benzylic  chloride.  r^QQajp 
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(1330)  DiCHLOROTOLUENES. — Theoretically  several  uomeric  modifications 
of  the  dichlorotoluenes,  C^HjClj.CH,  and  C.H^C1.CH,C1,  can  exist,  in  addition 
to  the  compound  CgH^.CHCl,,  hat  they  have  been  only  imperfectly  examined. 

(2-0)  Dichlorotoluene,  Methyldichlorohenzene :  C^HjCl.CH,,  formed  by  the 
action  of  chlorine  on  tolaene  mixed  with  iodine,  boils  at  196  — 198°,  and  is  un- 
doubtedly a  mixture  of  isomeric  (2-0)  dichlorotoluenes ;  it  appears,  however,  to 
contain  the  modification  CH,  :  CI  :  CI  =  1:3:4,  since  on  oxidation  it  fur- 
nishes a  dichlorobehzoic  acid,  C,H,C1,.C00H,  melting  at  201°  (393''8  P.), 
identical  with  that  obtained  by  chlorinating  benzoic  acid,  and  also  formed  on 
chlorinating  para'  and  m^^achlorobenzoic  acid  (BeiUtein  and  Kuhlberg). 
(2—0)  Dichlorotoluene  is  oxidized  with  very  great  difficulty,  however,  and  in 
order  to  prepare  dichlorobenzoic  acid  from  it,  it  is  better  to  convert  it  into  the 
compound  C,H,Clj.CCl,  by  passing  chlorine  into  the  boiling  dichlorotoluene  a» 
long  as  any  action  takes  place ;  the  product  is  then  purified  by  fractional  distil- 
lation, and  heated  with  water  in  sealed  tubes  to  200^  (39^^  F.),  whereby  it  is 
completely  decomposed  in  the  following  manner : 

C.H,CI,.CC1,   +    aOH,  =  C.H,C1,.C00H   +3HCI. 

The  compound  CgH,Cl,.CCl,  thus  obtained  by  Beilstein  and  Kuhlberg  boiled  at 
^1^^  (S23**'4  F.).  By  acting  on  the  dichlorotoluene  formed  in  presence  of 
molybdenic  pentachloride  with  chlorine,  Aronheim  and  Dietjrich  {Deut,  chem, 
Oes,  Ber.,  viii.  1 401)  have  obtained  a  compound  having  similar  properties,  but 
they  also  isolated  by  fractional  distillation  an  isomeric  substance  boiling  at  about 
280°  (536°  F.),  which  on  decomposition  with  water  furnished  a  dichlorobenzoic 
acid  melting  at  122°  (251^*6  F.)>  which  is  perhaps  derived  from  the  (2—0) 
dichlorotoluene  CH, :  CI  :  C*l  =   1:2  :  4. 

(i-i)  Dichlorotoluene.  Chlaromethylchlorobenzejie :  C,H^CLCH,01. — This 
compound  may  be  obtained  either  by  the  action  of  chlorine  on  boiling  (i— o) 
chlorotoluene  or  by  its  action  on  benzyl  ic  chloride  in  presence  of  iodine  ;  the 
product  when  purified  by  fractional  distillation  boils  at  213* — 214°  (4i5***4 — 
41 7°' 2  F.).  Its  vapour,  like  that  of  benzylic  chloride,  has  an  irritating  action 
on  the  eyes.  It  furnishes  parachlorobenzoic  acid,  C.H^Cl.COOH,  on  oxidation, 
and  one  of  the  atoms  of  chlorine  may  be  readily  displaced  by  other  radicles  such 
as  CN,  HS,  &c.,  by  the  action  of  alcoholic  solutions  of  potassic  cyanide  or 
sulphydrate.  Inasmuch  as  the  action  of  chlorine  on  toluene  in  presence  of 
iodine  produces  a  mixture  of  (i-o)  chlorotoluenes — although  the  product  consists 
chiefly  of  parachlorotolueue — there  can  be  little  doubt  that  isomeric  bodies  of  the 
composition  C,H^C1.CH,CI  are  also  formed,  parachlorobenzylic  chloride  (CH,C1 : 
CI  =  I  :  4)  being  merely  the  chief  constituent  of  the  product. 

(0—3)  Dichlorotoluene,  Dichloromethylhenzene :  C^H^-CHCl,. — This  body 
is  the  second  product  of  the  action  of  chlorine  ou  boiling  toluene ;  it  is  also 
formed  from  benzoic  aldehyde  in  the  following  manner : 

C,H..COH   +   PCI,  =  C,H,.CHC1,   +  POCl,   +    Ha 

Benzoic  aldehyde.  (0-2)  Diohlorotolaene. 

It  is  a  colourless  liquid  of  faint  odour,  which  boils  at  about  206^  (402^*8  F.)  ; 
when  heated  with  water  to  150*  (302®  F.)  it  furnishes  benzoic  aldehyde.  It 
also  enters  into  reactions  of  double  decomposition,  being  converted  by  the  ac- 
tion of  argentic  acetate,  for  example,  into  the  compound  CgH,.CH(C|H,0J2. 
By  the  action  of  oxidizing  agents  it  is  converted  into  benzoic  acid. 

(133 1 )  Tbichlobotolubnbs. — The  displacement  of  three  atoms  of  hy- 
drogen in  toluene  may  be  effected  in  such  a  manner  as  to  produce  the  following 
bodies : 

C.H.a,.CH.  ;  C.H,Cl,.CH.a  ;  C.H.C1.CHC1.  ;  C,H..CC1,..[^ 
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Moreoyer,  isomeric  modificationB  of  each  of  these,  excepting  the  last,  are 
possible. 

(3-0)  Trichlorotoluene.  Metkyltrichlordbenzene  :  CjH,Cl,.CH,.— This  com- 
pound is  prodaced  with  the  greatest  readiness  when  chlorine  is  passed  into  toluene 
mixed  with  iodine,  until  the  weight  of  100  parts  of  the  hydrocarbon  is  increased 
to  212*5  P^^^  *  ^^6  product  is  then  shaken  up  with  potassic  hydrate  solution, 
dried,  and  fractionally  distilled.  The  portion  which  passes  over  at  235° — 240° 
(455'' — 464°  P.),  either  solidifies  spontaneously,  or  when  cooled  with  ice;  it  is 
separated  from  the  liquid  portion  by  pressing,  and  then  crystallized  from  alcohol. 
(3—0)  Trichlorotoluene  crystallizes  in  brilliant  prisms  5  it  melts  at  76**  (168 '8 
P.),  and  boils  at  237**(458**6  P.)  (Limpricht,  ibid,  cxxxix.  326).  On  oxida- 
tion it  is  slowly  converted  into  a  trichlorobenzoic  acid,  C^H^Cli.COOH,  melting 
at  163°  (325^*4  P.),  which  is  identical  with  that  obtained  by  chlorinating 
benzoic  acid ;  this  acid  is  more  readily  obtained  by  acting  on  the  boiling  (3-0) 
trichlorotoluene  with  chlorine  and  heating  the  resulting  compound,  C^H^Clg.CCI,, 
with  water  to  260**  (500°  P.)»  Aronheim  and  Dietrich  have  noticed  the  simul- 
taneous formation  of  a  liquid  trichlorotoluene  from  toluene,  by  the  action  of 
chlorine  in  presence  of  molybdenic  pentachloride. 

(2—1)  Trichlorotoluene.  Chhromethyldichlorohenzene :  CjH,Clj.CH,Cl. — 
To  obtain  this  compound  benzylio  chloride  to  which  iodine  is  added,  or  boiling 
(2-0)  dichlorotoluene,  is  submitted  to  the  action  of  chlorine.  It  is  a  liquid 
which  boils  at  241^  (465°*8  P.).  One  of  the  atoms  of  chlorine  may  be  readily 
displaced :  thus  by  the  action  of  potassic  acetate  it  is  converted  into  the  com- 
pound  C,H.Cl..CH,(C,H.O.). 

(1—2)  Trichlorotoluene.  Dichloromethylchlorohenzene :  C^H^Cl.CHCIj. — 
This  body  is  prepared  by  the  action  of  chlorine  on  boiling  chlorotoluene,  or 
on  (0-2)  dichlorotoluene,  C^H^.CHCl,,  in  presence  of  iodine.  It  is  a  liquid 
which  boils  constantly  at  234°  (45 3"' 2  P.);  when  heated  with  water  to 
1 70^  (338°  P.)  it  is  completely  converted  into  hydrochloric  acid  and  parach:oro- 
benzoic  aldehyde.: 

C,H,aOHCl,   +  OH,  =   C.H^CLCOH   +    2Ha. 

On  oxidation  it  furnishes  parachlorobenzoic  acid. 

(0-3)  Trichlorotoluene.  Trichhromethylbenzene :  C^Hj.CCl,. — This  com- 
pound is  obtained  with  the  greatest  readiness  by  passing  chlorine  into  boiling 
toluene  until  no  further  increase  of  weight  takes  place ;  it  is  also  formed  by 
heating  benzoic  chloride  with  phosphoric  pentachloride  to  180°  (356^  P.)  in 
sealed  tabes: 

C^H^COa  +    PCI.   =   C,H,.CC1.  +   POCl,. 
Benzoic  chloride.  (0-8)  Trichlorotoluene. 

It  is  a  oolonrless  liquid  which  boils  at  about  214°  (417^*2  P.);  it  is  only  slightly 
acted  upon  by  water  at  about  100^  (212°  P.),  but  when  heated  with  it  to 
150^  (302°  P.)  it  is  completely  converted  into  benzoic  acid  and  hydrochloric 
acid: 

C,H,.CC1,   +   2OH,   =   C,H,.COOH   +   3HCI. 
(0-3)  Trichlorotoluene.  Benzoic  add. 

It  is  not  acted  upon  by  sodium  at  its  boiling  point,  but  when  digested  with 
sodic  ethylate  at  1 00° (2 12®  P.)  it  is  converted  into  the  compound  C^Hj.C(OOjHj),. 
Chlorine  appears  to  be  entirely  without  action  upon  it  even  at  its  boiling  point, 
but  when  a  small  quantity  of  iodine  is  present  the  hydrogen  in  the  C^  group 
becomes  displaced.  ^  j 
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(1332)  Tetbachlorotolukneb. — The  following  modifications  of  tetra- 
chlorotoluene  have  heen  obtained  : 

C,HC1,.CH,    ;     C.H,C1,.CH,C1     ;     C.H3C1,.CHC1,     ;     C.H.CLCCl,. 

(4—0)  Tetrachlorotoluene,  MethyUetrachlovohenzene :  C^HCl^.CH,. — This 
compound  is  formed  together  with  more  or  less  pentaohlorotoluene  (5-0)  wlicn 
toluene  is  treated  with  chlorine  in  presence  of  iodine  until  no  further  absorptiou 
of  chlorine  takes  place.  It  crystallizes  in  needles  which  melt  at  91**  (i95°"8  F.)i 
and  it  boils  at  271°  (SiQ^'-S  F.). 

(3-1)  Tttrachlorotoluene.  Chloromethyltrichlorohenzene :  C^HjClj.CHjCl. 
— This  substance  is  prepared  by  passing  chlorine  into  boiling  (3—0)  trichloroio- 
luene.  It  is  a  liquid  which  does  not  solidify  at—  20°  (-4°  F.),  and  boils  con- 
stantly at  273°  (523°*4  F.).  It  readily  exchanges  one  atom  of  chlorine  for 
otiier  radicles :  thus  when  boiled  with  an  alcoholic  solution  of  potassio  acetate 
it  lurnishes  the  compound  C,H,CI,.CH,(C,H,0,). 

(2—2)  TetraMoroioluene.  Dichloromet/it/ldichlorohenzene:  C^H^Clj  CHCl^. 
—  This  substance  is  produced  by  the  action  ot"  chlorine  on  boiling  (2—0)  diciilo- 
rotoluene.  It  is  a  liquid  which  boils  constantly  at  257°  (494^6  F.).  It  is 
slowly  oxidized  by  chromic  acid  solution  and  converted  into  ordinary  dichloro- 
benzoic  acid;  when  heated  with  water  at  220°  (428**  F.)  it  furnishes  dichloru- 
benzoic  aldehyde,  C,H,Cl,.COH. 

(1-3)  Tttrachlorotoluene,  Trichloromethylchlorohenzene:  C^H^Cl.CCl,. — 
This  derivative  has  been  produced  by  the  action  of  chlorine  in  presence  of  iodine 
on  (0—3)  trichlorotoluene,  but  would  doubtless  be  more  readily  formed  by  passing 
chlorine  into  boiling  (i— o)  chlorotoluene.  It  boils  at  245°  (473°  F.),  and  when 
heated  with  water  to  200°  (392^  F.)  it  is  completely  converted  into  hydrochloric 
acid  and  ^arachlorobenzolc  acid.  An  isomeric  body  which  furnishes  ortho- 
chiorobenzoic  acid  when  heated  with  wat«r,  is  formed  by  the  action  of  phos- 
phoric pentachloride  on  salicylic  acid  (Kolbe  and  Lautemann,  Ann.  C/iem. 
Pharm.t  cxv.  195);  it  is  a  crystalline  solid,  which  melts  at  30°  (86°  F.)  and 
boils  at  260°  (soo**  F  ).  A  third  isomeride,  furnishing  wie^achlorobenzoic  acid 
when  heated  with  water,  is  obtained  by  the  action  of  phosphoric  pentachloride  on 

Bulphobenzoic  chloride, CJl^  <  (\)*C1'  ^^  is  a  liquid  which  boUs  at  235**  (455°  J^^  )• 

X1333)  Pkntachlorotoluenes. — In  order  to  effect  the  displacement  of  the 
five  atoms  of  hydrogen  in  the  C^llj  group  in  toluene  it  is  necessary  to  employ 
antimonic  pentachloride. 

(5-0)  Penta^hlorotoluene,  or  Methi/lpentachlorobenzene,  C^Clg.CH,,  boils 
without  decomposition  at  301°  (573°*8  F.)  and  melts  at  218°  (424'^-4  F.).  It  is 
only  slightly  soluble  in  the  ordinary  solvents,  but  is  easily  soluble  in  hot 
benzene,  from  which  it  crystallizes  in  long  slender  needles.  It  is  not  acted  on  by 
boiling  concentrated  nitric  acid. 

(4—1)  Penlachlorotoluene,  Chloromethyltetrachlorohenzene :  C^HCl^.CHjCL 
— This  compound  is  formed  by  passing  chlorine  into  boiling  (4-0)  tetrachloroto- 
luene.  It  is  a  liquid  which  boils  almost  without  decomposition  at  296^  (564^*8  F.). 
"With  potassic  acetate  it  furnishes  the  compound  CjH0l^.CHj(CjH,O,). 

(3-2)  Pentachlorotoluene,  Dichloromethyltrichlorohenzcne:  CgH,Clj.CIlCl,, 
is  formed  by  treating  boiling  dichlorotoluene  with  chlorine.  It  is  a  liquid 
which  boils  almost  undeoomposed  at  about  280°  (53^°  ^0>  ^^'^  solidifies 
below  0°  (32°  F.)  to  a  mass  of  needles.  It  is  converted  by  heating  with  water 
at  250°  (482''  F.)  into  trichlorobenzoic  aldehyde,  0,11, CI,. CO. II. 

(2-3)  Pentachlorotoluene  or  trichloromethyldichlorohertzene^  CjH,Cl,.CCl,, 
is  produced  when  chlorine  is  passed  into  boiling  (2-0)  dichlorotoluene  uutil  no 
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further  increase  of  weight  takes  place.  It  is  a  liquid  wliich  boils  at  273° 
(523°"4  F.).  When  heated  with  water  at  200°  (392°  F.)  it  yields  dichlorobenzoio 
auid.  Chlorine  alone  is  entirely  without  action  upon  it,  even  at  its  boiling  poiut. 
(1334)  1Ibxachlobotolu£NE8. — The  thiee  modifications  represented  by 
the  following  formulse  are  known : 

C,C1,.CH,C1  ;  C,HC1,.CHC1,  ;  c.H,a,.cci,. 

(5-1)  Hexachlorotoluene.  Chloromethylpentachlorohenzene :  CjCl^.CHjCl. 
— It  ii)  difficult  to  obtain  this  compound  by  the  action  of  chlorine  on  boiling 
(5-0)  pentachlorotoluene  on  account  of  the  high  boiling  point  of  the  latter,  and 
it  is  therefore  more  readily  prepared  by  pa^tsing  chlorine  into  benzylic  chloride 
mixed  with  iodine  until  no  further  absorption  takes  place.  The  product  is  a 
mixture  of  (3—1)  tetrachlorotoluene  and  (4-1)  pentachlorotoluene;  it  is  washed 
with  sodic  hydrate  solution,  dried,  and  distilled :  and  as  iodine  is  liberated  on 
distillation,  the  washing,  &c.,  is  repeated  urUil  the  whole  of  the  iodine  is 
removed.  The  chloride  is  then  mixed  with  one-tenth  of  its  weight  of  anti- 
nionious  chloride,  SbCl,,  and  chlorine  passed  into  the  gently-wanned  mixture 
until  no  further  absorption  occurs.  If  the  whole  of  the  iodine  be  not  removed, 
only  black  resinous  products  are  obtained,  which  decompose  on  distillation,  and 
this  is  also  the  case  in  the  preparation  of  (4-0)  tetrachlorotoluene  and  (5-0) 
pentachlorotoluene.  It  crystaliize&  from  a  mixture  of  benzene  and  alcohol  in 
tine  needles,  which  melt  at  103°  (2I7°*4  F.).  It  boils  without  beiui?  decom- 
.  posed  at  325**— 327""  (6i7°-620°-6  F.).  By  heating  to  200°  (392°  F.)  with 
potassic  acetate  and  alcohol  it  is  converted  into  the  compound  C^Cl5.CH3(CjHjOg), 

(4—2)  Hexachlorotoluene.  Dichloromethyltetrachlorobenzene : 
CjHCl^.CHClj. — To  prepare  thus  compound  chlorine  is  passed  into  boiling  (4—0) 
tetrachlorotoluene  as  long  as  absorption  takes  place,  and  the  mixture  of  (4—2) 
and  (4—3)  chlorotoluenes  separated  by  fractional  didtillation.  It  is  a  liquid,  and 
biiils  at  305*^  (58 1"*  F.).  When  heated  with  water  to  250°  (482°  F.)  it 
funiishes  tetrachlorobenzoic  aldeliyde,  C^HCl^.COH.  In  its  preparation  from 
tetrachlorotoluene  a  cerUiin  quantity  of  pentachlorobenzene  is  produced  : 

C.HCl^.CH,  +    4CI,  =   C.HCl.  +   CCl,   +   3Ha 

(3—3)  Hexachlorotoluene,  Trichloromethyltrichlorohenzene :  C^H^Clg.CCl,. 
— This  body  is  formed  by  the  action  of  chlorine  on  boiling  (3-0)  trichlorotoluene. 
It  is  purified  by  fractional  distillation  and  crystallization  from  alcohol.  It  forms 
long  white  needles,  which  melt  at  82"  (i79®'6  F.),/and  it  boils  at  308** 
(586®'4  F.).  By  the-  action  of  water  at  250^  (482°  F.)  it  is  converted  into 
triehlorobenzoic  acid,  CgH^Clj.COOH.  In  the  preparation  of  this  compound  a 
quantity  of  tetrachlorobeuzene  (melting  at  139°  C.)  is  always  produced : 

C,H,C1,.CC1,   +   CI,   =   C.H^Cl,   +   CCl,. 

(1335)  Heptachlorotoluenes. — The  modification  (5-2)  or  dfchloro- 
methi/lpeHiachlorohenzene,  C^Clg-CHClj,  is  prepared  from  (0—2)  dichlorotoluene, 
which  is  treated  with  chlorine  in  presence  of  iodine  as  long  as  an  increase  of 
weight  takes  place ;  the  product  is  then  i'reed  from  iodine,  digested  with  three 
or  four  times  its  weight  of  antimonic  pentachloride  and  distilled.  The  crude 
product  consists  of  (5—2)  and  a  small  quantity  of  (4—3)  heptachlorotoluene, 
together  with  a  substance  insoluble  in  alcohol.  The  5—2  modification  is 
obtained  pnre  by  crystallization  from  alcohol  after  heating  with  water  to  300° 
(572°  F.),  by  which  it  is  not  affected,  but  which  converts  the  (4-3)  modification 
into  tetrachlorobenzoic  acid.  It  crystallizes  in  long  pointed  plates,  melting  at 
109*'  (228°'2  F.),  and  boils  undecomposed  at  334°*2  (633°'2  F.). 

(4-3)  Heptachlorotoluene.  TrichJoromethj^tetrachlprobenzene :CfiC\.CC\^, 
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is  most  readily  obtaiued  bj  the  action  of  chlorine  on  boiling  (4—0)  tetra- 
chlorotoluene.  It  crystallizes  in  Hhort  fine  needles  or  white  platen,  melting  at 
104°  {2ig'*'2  F.),  and  boils  at  316®  (6oo°-8  F.).  It  is  not  altered  by  distilla- 
tion with  antiinonic  peutachloride. 

All  attempts  to  prepare  an  octochlorotolaene,  C^CI^.CCl,,  were  onsaooessful. 
Thus  on  distilling  (3—3)  and  (5-1)  hexachlorotoluene  with  antimonic  penta- 
chloride,  the  product  consisted  of  hezachlorobenzene,  C^Cl^,  and  the  s^me  com- 
pound was  obtained  on  heating  (4-3)  and  (5-2)  heptachlorotoluene  with  the 
chloride  in  sealed  tubes  to  280°  (536^  F.). 

In  the  following  table  a  list  of  the  chloro-deriyatiyes  of  toluene,  together 
with  their  boiling  points  (°  C.)  and  specific  gravities  are  given.  Unless  otherwise 
stated  the  temperatures  are  uncorrected. 

Chloro-derivatives  of  Toluene. 


0-0  (Tolaene). 

O-I 

0-3 

a-3 

B.P.  Ill'* 
Sp.Gr.  o'883ato° 

B.P.  i76» 
8p.Gr.  I -1 17  ato® 

B.P.  aos° 

Sp.Gr.  la^sat  T4° 

B.P.  314° 

Sp.Gr.  1-380  at  14*> 

I-O 

X-I 

1-3 

1-3 

(Para)   B.P.  i6o°-5* 
(Meta)  B.P.  isbo 

B.P.  ai4° 

Sp.^r.  1*397  ■*  »»** 

B.P.a34* 

(Para)   B.P  145'* 

Bp.  Gr.  1495  at  14^ 
(Meta)  B.P.  335° 
(Ortho)  B.P.  36o"» 

M.P.30* 

a-o 

a-i 

3-3 

a-3 

B.P.  196*' 

6p.  Gr.  1-334  at  ai" 

B.P.  341° 

B.P.  357° 

Sp.Or.  isi8at33<» 

B.P.  273*t 
Sp.Gr.  1-587  at  31° 

3-0                 1                 3-1 

3-3                                      3-3 

M.P.76°                   1      Sp.Gr.ri47ata3'' 

B.P.  381° 

Sp.  Or.  1-607  at  aa" 

ap.  308° 

M.P.  83° 

4-0 

4-1 

4-a 

4-3 

'      B.P.  27'° 
M.P.9i° 

B.P.  396'* 

8p.  Gr.  1*634  at  if* 

B.P.  3o6» 

8p.  Gr.  1-704  at  35° 

B.P.  316° 
M.P.  104° 

i-o 

S-i 

i-a 

5-3 

B.P.3oi° 
M.P.  318" 

B.P.  3a60 
M.P.  103* 

B.P.  334° 
M.P.iV 

(1336)  Chlobo-debivatives    of    the    HoMOLoanES    of    Toluene. — 
Chlororulenes, — When  chlorine  is  allowed  to  act  upon  boiling  coal  tar  xylene  a 

f  CH 
monochloro-derivative,    C,H^  <  pftVi  ^  obtained,  which   in  all   respects   re- 
sembles  benzylic    chloride;    it   i.H   a   liquid   which  boils   constantly   at    193^ 
(3  7  9^*4  F.),  and  exerts  a  most  irritating  action  upon  the  eyes.     By  the  further 

(  CH  CI 
action  of  chlorine,  the  dichioro-derivative,  C^H^  <  ChVp  ^  produced.     This 

crystallizes  in  rhombic  platen  melting  at  100^(212**  F.),  and  boils  at  240°— 245** 
(464^-473°  F.),  but  at  tlie  same  time  undergoes  decomposition.     It  readily 


•  This  is  the  B.P.  of  pure  parachlorotoluene ;  but  the  product  from  toluene 
also  contains  orthochlorotoluene,  and  the  i— i,  1-2,  and  1-3  derivatives  prepared 
from  it  are  doubtless,  therefore,  mixtures  of  isomeric  bodies,  although  they 
consist  chiefly  of  the  para-derivntive. 

t  Aronheim  and  Dietrich  have  obtained  a  liquid  isomeride  from  toluene 
boiling  at  about  280  . 
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exchanges  both  atoms  of  chlorine  for  other  radicles.     On  oxidation  it  famishes 
terephthalic  acid,  C,H^(COOH),,  and  is,  in  fact,  a  paraxjlene  derivative. 

When  chlorine  acts  upon  xylene  in  presence  of  iodine,  however,  chloroxylenes 
are  obtained  which  do  not  exhibit  the  slightest  tendency  to  exchange  chlorine 
for  other  radicles.  Monochloroxylene,  CjH3Cl(CH,),,  boils  at  184°  (363°' 2  F.)  ; 
on  oxidation  with  chromic  acid  mixture  it  is  slowly  converted  into  a  chlorotoluic 
add,  C,H,C1(CH,).C00H,  which  melts  at  203°  (397°-4  F.).  Bichhroxiflene 
is  crystalline  at  a  low  temperature,  and  boils  at  222°  (43i°'6  F.);  when 
oxidized  it  furnishes  dichlorotoluic  acid  melting  at  160°  (320°  F.).  Trichla- 
roxylene  crystallizes  from  alcohol  in  white  needles  melting  at  150°  (302°  F.), 
and  it  boils  at  255''  (491^  ^0  without  undergoing  the  slightest  decomposition.  It 
is  not  m  the  least  attacked  either  by  nitric  acid,  or  by  chromic  acid  mixture,  and 
it  is  noteworthy  that  whereas  both  methyl  groups  in  xylene  are  readily  oxidized, 
only  one  of  them  in  chloro-  and  dichloroxylene  is  converted  into  COOU,  and 
that  in  trichloroxylene  neither  is  affected  by  oxidizing  agents.  It  has  not  been 
determined  from  which  of  the  xylenes  these  chloroxylenes  are  derived.  By  the 
continued  action  of  chlorine  on  xylene,  first  in  presence  of  iodine,  and  afterwards 
in  presence  of  antimonic  chloride,  hexachlorobenzene  is  produced.  (YoUrath, 
Ann.' Ch,  Fharm,,  cxliv.  261 ;  Lauth  and  Grimaux,  ibid,  cxlv.  115; 
dy.  338 ;  Biedermann,  Deut.  chem.  Ges.  Ber.,  vi.  702). 

Chloromesitylenes, — Chlorine  acts  upon  well  cooled  mesitylene  with  great 
energy,  and  the  tendency  to  form  trichloromesitylene  is  so  pronounced  that  this 
compound  is  always  obtained  together  with  the  lower  derivatives^  even  when  only 
sufficient  chlorine  is  employed  to  convert  the  amount  of  hydrocarbon  taken  into 
the  monochloro-derivative.  To  separate  these  substances,  the  crude  product, 
after  it  has  been  washed  with  sodic  hydrate  solution,  is  dissolved  in  boiling 
alcohol ;  almost  the  whole  of  the  trichloromesitylene  separates  on  cooling,  and 
is  purified  by  several  recrystallizations  from  alcohol.  The  mono-  and  dichloro- 
mesitylene  are  precipitated  from  the  mother  liquor  by  water,  and  separated  by 
fractional  distillation. 

Monochloromesitylene,  C^H^CKCH,),,  is  a  colourless  liquid  which  boils  at  • 
204° — 206°  (399°'2 — 402°*8  F.) ;  it  does  not  solidify  at  -20®(-4*'  F.).  Fuming 
nitric  acid  converts  its  almost  instantly  into  a  mixture  of  nitro-  and  dinitrochloro- 
mesitylene.  On  oxidation  by  dilute  nitric  acid  it  is  converted  into  chloromesi- 
tylenic  acid,  C,Hj,Cl(CH,),.COOH,  but  when  it  is  oxidized  with  chromic  acid 
mixture  only  acetic  acid  is  obtained. 

JHchlordmegitylene,  CfiC\^(CU^^,  crystallizes  from  alcohol  in  colourless 
glistening  prisms  which  melt  at  59®  (i38°'2  F.) ;  it  boils  at  244°  (471^*2  F.). 
Chromic  acid  mixture  is  almost  without  action  upon  it. 

7}richloromeHtyle7ie,  CjCl,(CHj)j,  crystallizes  from  alcohol  in  long  slender 
oeedles,  which  melt  at  205°  (401^  F  ).  It  is  not  affected  even  by  long  boiling 
with  moderately  concentrated  nitric  acid  (Fittig  and  Hoogewerff,  U)id.  cl.  323). 

(1357)  Bbomo-debivatives  op  Toluene.— The  action  of  bromine  on 
toluene  varies  according  to  the  temperature:  thus  with  boiling  toluene  (o — i) 
bromotoluene  or  benzylic  bromide,  C^H^.CH^Br,  is  produced.  This  compound 
closely  resembles  benzylic  chloride,  readily  exchanging  bromine  for  other  radicles; 
it  boils  at  about  202''  (395*'6  F.),  and  at  22°  (7i°-6  F.)  has  the  sp.gr.  1*438. 
Its  vapour  exercises  a  most  irritating  effect  upon  the  eyes.  According  to 
Korner  (Oiomale  di  Scienze  naturalied  economirke.  Paler  mo,  1869,  v.  244), 
when  bromine  and  toluene,  both  cooled  to  o^  (32°  F.),  are  carefully  mixed,  a  con- 
siderable quantity  of  benzylic  bromide  is  also  formed — although  under  these 
circumstances  the  reaction  only  takes  place  very  slowly ;  after  48  hours,  however, 
the  product  is  found  to  contain  from  200  to  330  grms.  of  benzylic  bromide  for 


Dromide  tor 
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every  1000  of  (i — o)  bromotoluenes.  At  the  temperatare  of  9* — 12°  (48°*2 — 
•53°*^  ^')»  ^^  ^^®  contrary,  bromine  readily  acts  upon  toluene,  and  if  the  fornner 
be  slowly  added  and  the  mixture  allowed  to  stand  24  hours  it  contains  only  from 
9  to  26  grms.  of  benzylic  bromide  for  every  1000  grras.  of  (i— -o)  bromotoluenes. 
A  mixture  of  (x — o)  bromotoluenes  is  thus  formed,  consisting  chiefly  of  para- 
bromotoluene  (CH^  :  Br  =  i  :  4),  but  always  containing  a  considerable  amount 
of  orthobromotoluene  (i  :  2);  according  to  Korner,  the  third  isomeride  is  also 
present  in  small  quantity.  The  pure  (i— o)  bromotoluenes  may  be  obtained  by 
Grie's's  method  from  the  pure  amidotoluenes  or  toluidines.  The  (i  —  o)  bromo- 
toluenes are  extremely  inert  substances,  and  their  vapours  have  no  irritating 
action  upon  the  eyes ;  parabromotoluene  is  crj'^stalline,  and  melts  at  2  8°*  5 
(83°*3  P.)»  whilst  the  isomerides  are  liquid,  and  of  lower  specific  gravity  than 
(o — i)  bromotoluene,  viz.,  about  i'40  at  20®  (68®  F.).  The  boiling  points  (*C,) 
of  these  compounds,  according  to  Korner,  are  as  follows : 

Parabromotoluene  (1:4)  - .  1 8  4**  *6 
Metabromotoluene  (1:3)  •  •  •  1 8  4°'  5 
Orthobromotoluene  (1:2)    ...      182° 

Dihromotoluenes, — Although  toluene  is  readily  converted  into  (1-0) 
bromotoluenes,  the  displacement  of  a  second  atom  of  hydrogen  by  bromine  takes 
place  but  very  slowly :  even  after  many  days  contact  only  a  very  small  quantity 
of  a  crystalline  (2—0)  dibromotoluene  being  obtained  (Fittig).  By  adding 
iodine  to  the  mixture  of  bromotoluenes  and  bromine  and  exposing  it  to  sunlight 
for  several  days,  however,  a  liquid  (2—0)  dibromotoluene  boiling  at  239° — 241° 
(462^*2  —  465°-8  F.)  is  readily  obtained  (Jannasch,  Ann.  Chem.  Fkarm,^ 
clxxvi.  286) ;  the  nature  of  ihis  product  has  not  yet  been  determined,  but 
in  all  probability  it  is  a  mixture  of  inomeric  (2 — o)  dihromotoluenes  consisting 
chiefly  of  the  modification  (CH,  :  Br  :  Br  =  1:3:4).  Wroblevsky  {ibid,  clxviii. 
147)  has  prepared  a  number  of  isomeric  dihromotoluenes  by  Grieas's  reaction 
from  the  bromamidotoluenes  or  bromotoluidines,  but  their  constitution  iu  all 
cases  has  not  been  satisfactorily  determined  ;  their  properties  are  given  in  the 
following  table : 


SBSGBIPTIOK. 

Constitution 
CH4:Br:Br. 

M.P.  "Cent. 

B.P.»Cent 

M.P.ofNitro- 
deriyative. 

Prom  toluene  (Fittig)     

From  dibromoparfttoloidine 

From  dibromorthotolciidine  and  ortho- 

bromomctatoluidine. 
From  metabromorthotoluidine  and  by 

brominatinpr  metabromotoluene. 
From  dibromometatdaidine  .»    

From  metabromoparatoluidine    

x:a:4(?) 

i:3:i 

i:a:3(P) 

i:a:i(?) 

i:3:6(?) 

i!3M 

107—108 
60 

liquid 
t> 
•1 

Hi 

341 

338-339 
346 

337 

134 

59 

86-87 

79 

86-87* 

(0-2)  Dibromotoluene,  CjH^.CHBrj,  prepared  by  the  action  of  phosphoric 
pentabromide  on  benzoio  aldehyde,  is  a  liquid  which  is  decomposed  on  dis- 
tillation. 

Trihomotoluenes, — Wroblevsky  has  obtained  two  (3-0)  tribromotoluenea  : 
the  modification  CH,  :  Br.  :  Br.  :  Br.  =  i  :  3  :  4 :  5  by  Griess's  reaction  from 
dibromoparatoluidine,  and  the  modification  1:2:4:6  (?)  from  tribrommeta- 


*  The  dibromotoluidine  formed  on  reducing  this  compound  melts  at  95^,  that 
derived  from  the  isomeride  from  the  dibromotoluene  from  metabromorthotoluidine 
melting  at  83°.  r^  \ 
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toluidine.     The  fonner  is  a  colourless  liquid  which  boils  at  260^  (500°  F*)>  ^^'^' 
latter  crystallizes  in  long  needles  which  melt  at  70°  (158°  F.),  and  it  boils  at  290^ 

(554°  F)- 

(1338)  Bromoxtlenes. — When  bromine  is  added  to  well  cooled  paraxjlene, 
a  paradimethylhromobenzene,  C^HjBr(CH,)j,  is  produced,  which  may  be  ol)- 
tained  in  glistening  colourless  plates  melting  at  10°  (50°  F.),  and  which  boils  at 
200"  (392°  F.)  (Jannasch).  By  the  action  of  an  excess  of  bromine  a  paradi- 
methyldibrofnobenzene,  C^IL^Br^(CllX,  is  produced ;  this  crystallizes  in  colour- 
less lamina  which  melt  at  72"  (i6i^-6  F.).  It  boils  at  256°  (492°-8  F.).  By 
the  action  of  bromine  on  boiling  paraxylene  an  isomeric  body,  C^n^(CH,Br)2, 
is  obtained  which  melts  at  145° — 147°  (293° — 296°  F.)j  the  bromine  in  thin 
compound  is  readily  displaced  by  other  radicles. 

Metadimethylhromobemene  or  bromometaxylene,  C^'Rfir(CK^)^,  is  liquid, 
and  boils  at  205°  (401®  F.);  metadimethyldibromohenzene,  C,HjBr,(CH,)^, 
resembles  dibromoparaxylene  in  all  respects.  Metaxylene  also  furnishes  a  tetra- 
dromo-derivative,  C,Br^(CH,)j,  which  melts  at  241**  (465°-8  F.);  it  crystallizes 
from  alcohol,  in  which  it  is  difficultly  soluble,  in  long  slender  needles. 

Bromo- derivatives  of  orthoxylene  have  not  been  prepared  in  a  pure  state. 

Inasmuch  as  the  monobromo-derivative  of  each  of  the  three  xylenes  is  conver- 
tible into  pseudocumene  (p.  288),  it  necessarily  follows  that  bromine  always 
takes  up  such  a  position  as  to  form  a  derivative  of  the  i  :  2  :  4  series,  and  that 
the  constitution  of  the  bromoxylenes  is  that  represented  by  the  following  figures : 

CH. 

iCH. 


0 


CH,  CH, 

PBeodocQinene.  Bromoparaxylene.  Bromometu^lene. 

(1339)  Bbomethylbenzene. — By  the  action  of  bromine  on  well  cooled 
ethylbenzene,  a  liquid  etki/lbromobeTizene,  C^HJBr.C^K^,  boiling  at  199°  (3 90°*  2 
F.),  is  obtained;  this  is  doubtless  a  mixture  of  isomeric  bodies,  but  consisU 
chiefly  of  paraethylbromobenzene  (C^H^  :  Br  =  i  :  4)  as  it  furnishes  parabro- 
mobenzoic  acid  on  oxidation.  When  the  hydrocarbon  is  heated  to  about  140^ 
(284°  F.),  however,  the  compounds  C.H,.CHBr.CH,  and  C.H,.CHBr.CH,Br, 
are  produced ;  the  fonner  is  a  liquid,  and  the  latter  a  crystalline  solid  melting  at 
68^'  (i54°'4  F.) ;  both  are  very  unstable  substances,  and  readily  enter  into  reac- 
tions of  double  decomposition,  Ac.  (Thorpe,  Proc,  Roy,  Soc,,  xviii.  123  ;  Radzis- 
zweski,  Deut.  chem.  Ges,  Ber.,  vi.  492). 

(1340)  Bbomotbimbthylbenzbnes. — Bromomesitylene  is  a  colourless 
liqnid,  which  becomes  solid  when  cooled  below  0°  (32°  F.),  and  boils  at  225° 
(437**  F.).  The  isomeric  bromopseudocumene  forms  crystalline  lamina  which 
melt  at  73°  (i63°'4  F.)  Tribromomesitylene  and  tribromopseudocumene,  how- 
ever, are  both  crystalline  and  melt  at  224°  (435^*2  F.). 

The  alteration  in  properties  induced  by  the  introduction  into  benzene  of  one 
or  more  methyl  groups  in  place  of  hydrogen  comes  oat  very  strongly  in  the  for- 
mation of  the  bromo-derivatives.  Thus  the  conversion  of  benzene  into  bromo- 
benzene  takes  place  very  slowly,  but  toluene  is  readily  converted  into  bromo- 
toluene ;  the  formation  of  a  dibromotoluene,  however,  takes  place  with  much 
greater  difficulty  than  that  of  dibromobenzene.  The  xylenes  are  rapidly  trans- 
formed into  dibromo-derivatives  by  the  action  of  a  slight  excess  of  bromine,  and 
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the  trimetliylbenzene«  furnish  tribromo-derivatives  with  such  readiness  that  it  is 
necessary  to  add  the  bromine  wifch  the  greatest  caution  in  order  to  obtain  mono- 
derivatives. 

(1341)  Bbomo-deeivativbs  op  otheb  Homologues  op  Benzene. — 
Very  few  of  the  bromo-derivatives  <rf  the  remaining  hydrocarbons  of  the  ben- 
zene series  have  been  carefully  examined,  although  a  considerable  number  of 
them  have  been  prepared;  several  interesting  subjects  for  inquiry,  therefore, 
still  present  themselves  in  this  direction.  For  instance,  we  do  not  know  what  is 
the  action  of  chlorine  and  bromine  on  hydrocarbons  containing  two  (or  more)  dif' 
ferent  8id«  chains,  t.«.  in  which  of  the  side  chains  the  hydrogen  will  first  be 
displaced — ^whether  in  the  more  or  the  less  complex  group — supposing  the  action 
to  take  place  upon  the  heated  hydrocarbon.     Is  cymene,  for  instance,  converted 

f  C  H  CI       .  (  C  H 

by  the  action  of  chlorine  into  C^H^  <  pVr  *    » or  into  C^H^  <  pU  J^,  P 

(1342)  I0D0-DEEIVATIVE8  OP  THE  Homologues  op  Benzene. — So  few 
of  these  have  been  obtained,  and  so  little  is  known  about  them,  that  at  present 
they  do  not  possess  any  great  interest.  All  that  are  known  have  been  prepared 
from  the  corresponding  amido-derivatives  by  Griess's  method. 

NUrO'derivaiwes  of  Benzene  and  Us  Homologues. 

(1343)  Preparation  and  Properties. — The  nitro-derivatives  of 
the  members  of  the  benzene  series  are  readily  obtained  fix)m 
the  corresponding  hydrocarbons  by  the  action  of  concentrated 
nitric  acid,  or  a  mixture  of  concentrated  nitric  and  sulphuric  acids. 
In  this  reaction  it  is  always  the  hydrogen  in  the  C^  nucleus 
which  is  displaced,  but  up  to  the  present  time  it  has  not  been 
found  possible  to  introduce  more  than  three  monad  NOg  groups 
in  place  of  the  corresponding  number  of  hydrogen  atoms. 

With  few  exceptions,  the  nitro-derivatives  are  crystalline 
bodies,  almost  insoluble  in  water,  but  readily  dissolved  by  alcohol, 
benzene,  and  many  other  solvents.  Their  behaviour  when 
treated  with  reducing  agents,  such  a6  an  alcoholic  solution  of 
ammonic  sulphide,  tin  and  hydrochloric  acid,  &c.,  is  very  charac- 
teristic, as  they  are  converted  into  the  corresponding  amido- 
derivatives,  the  NOg  group  being  changed  into  the  NH^  group. 
In  the  case  of  the  di-  and  tri-nitro-derivatives,  it  is  possible  to 
reduce  the  NO^  groups  one  by  one.  Thus  by  the  action  of 
ammonic  sulphide  on  the  dinitrobenzenes  anddonitrobensenes  or 
nitranilines  are  obtained ; 

C,H,(NO^,   +   3SH,  =  C,H,(NOj)(NH^   +  2OH,  +  3S; 

Dinltrobencene.  AmidonitrobeDzone. 

which,  by  fiirther  treatment  with  a  more  powerful  reducing  agent, 
such  as  tin  and  hydrochloric  acid,  are  converted  into  diamido- 
benzenes  ; 

C«H,(NO^(NH,)  +   3H,  =  C,H,(NH^,  +^0H, 
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Sometimes^  however,  the  NO^  group  is  not  only  reduced  to  NH^, 
but  the  NHj  group  is  removed  in  the  form  of  ammonia  and 
displaced  by  hydrogen.  Trinitromesitylene,  for  example,  is  con- 
verted on  treatment  with  tin  and  hydrochloric  acid  into  diamido- 
mesitylene,  the  triamidomesitylene  which,  doubtless,  is  first  formed^ 
being  further  acted  upon : 

C,(CH3),(N0,),  +   9H,  =  C,(CH3)3(NH,),  +  60H,; 

Trinitromesitylene.  Triamidomesitylene. 

C,(CH^,(NH^,  +  H,  =  C,H(CH,),(NH,),  +  NH,. 

Triamidomeritylene.  DiamidomeBiijlenQ. 

NlTRO-BERIVATIVES    OF    BeNZBNE. 

(1344)  Nitrobenzene  :  C^jHg.NOg. — This  compound  is  readily 
prepared  by  adding  benzene  to  fuming  nitric  acid  placed  in  a 
vessel  surrounded  with  water,  the  mixtirre  being  allowed,  however, 
to  become  somewhat  warm.  The  product  is  washed,  dried  with 
calcic  chloride,  and  distilled.  Nitrobenzene  is  a  pale  yellow 
liquid,  having  an  odour  resembling  that  of  bitter-almond  oil,  on 
which  account  it  is  much  used  by  perfumers  under  the  name  of 
'  Essence  de  MirbaneJ'  It  boils  at  212^ — 213°  (A'^i^^ — 4i5^*4  F.). 
"When  cooled  below  3®  (37°*4  F-)  it  crystallizes  in  prisms.  Nitro- 
benzene is  a  remarkably  stable  substance,  not  being  attacked  by 
chlorine  or  bromine  even  at  its  boiling-point:  in  presence  of 
iodine  or  antimonic  pentachloride,  however,  chlorine  acts  upon  it, 
forming  metachloronitrobenzene  and  nitroparadichlorobenzene. 
Bromine  also,  when  heated  with  it  to  250°  (482°  F.)  gives  rise  to 
bromobenzenes,  the  oxygen  of  the  nitro-group  appearing  partly 
in  the  form  of  water,  partly  in  the  form  of  carbonic  anhydride, 
whilst  the  nitrogen  is  evolved  as  such. 

Fuming  sulphuric  acid  dissolves  nitrobenzene,  forming  a  mix- 
ture of  isomeric  nitrobenzenesulphonic  acids,  CgH4(N02)(HS03). 

Nitrobenzene  is  scarcely  afiected  by  a  boiling  aqueous  solution 
of  potassic  hydrate,  but  by  the  action  of  an  alcoholic  solution  it  is 
converted  into  asoxybenzene,  (CgH5N)20,  and  azohensfeney  (G^B.^^^, 
Nitrobenzene  is  converted  by  most  reducing  agents  into  aniline 
or  amidobenzene  (phenylamine) : 

C,H,.NOj  +  3H,  =  C.Hj.NH,  +  aOH,. 

Nitrobenzene.  Amidobenzene. 

When  it  is  reduced  by  the  action  of  ammonic  sulphite,  however^ 
the  ammonic  salt  oi  phenylsulphamic  add  is  produced^ 

CeHg.NHCSOjNHJ. 
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(1345)  DiNiTROBENZENEs :  CeH4(N02)3. — ^Whcii  nitrobenzene 
is  gradually  introduced  into  a  mixture  of  equal  volumes  of  the 
strongest  nitric  acid  and  fuming  sulphuric  acid  until  it  ceases  to 
be  dissolved^  and  the  mixture  is  then  gently  heated  for  some 
hours,  until^  on  testing  a  portion,  it  is  found  that  the  oil  which 
separates  on  the  addition  of  water  solidifies  entirely  on  coolings  it 
is  converted  into  dinitrobenzenes.  The  product,  however,  con- 
tains three  isomeric  compounds,  of  which  the  metadinitrobenzene 
(NOg  :  N0.3=i  :  3)  is  present  in  by  far  the  largest  quantity. 
These  isomerides  may  be  separated  by  systematic  crystallization 
from  alcohol  {Chem.  Soc.  Joum.,  xxix.  207). 

Paradinitrobenzene  (1:4)  crystallizes  from  alcohol  in  nearly 
colourless  flat  needles  melting  at  171° — 172°  (339°'8 — 34i°'6  F.) ; 
it  is  almost  insoluble  in  water,  moderately  soluble  in  ether, 
benzene,  or  chloroform,  and  slightly  soluble  in  cold  alcohol. 

Metadinitrobenzene  (1:3)  crystallizes  in  long  glistening  almost 
colourless  needles,  and  melts  at  89°-8  (i93°'8  F.).  It  is  extremely 
soluble  in  boiling  alcohol,  but  only  slightly  soluble  in  cold 
alcohol. 

Orthodinitrobenzene  (1:2)  crystallizes  from  dilute  alcohol  in 
almost  colourless  needles,  resembling  sublimed  benzoic  acid,  and 
from,  absolute  alcohol  in  large,  striated,  pale  golden-yellow  prisms 
or  large  transparent  tables.  It  melts  at  ii7°'9  (244°* 2  F.),  but 
a  mixture  of  equal  parts  of  meta-  and  orthodinitrobenzene  melts 
constantly  at  64° — 65°  (i47°*2 — 149  F.) ;  it  is  considerably  less 
soluble  in  boiling  alcohol  than  the  meta-  compound. 

(1346)  NiTEOTOLUBNES. — ^By  the  action  of  nitric  acid  on  toluene,  a  mixtnie 
of  para-  and  orthonitroioluene  in  variable  proportions  is  produced  :  the  more 
violent  the  reaction — that  is  to  saj,  the  stronger  the  acid,  and  the  higher  the 
temperature  at  which  it  takes  place, — the  greater  is  the  proportion  of  paranitro- 
toluene ;  the  amount  of  paranitrotoluene  produced,  however,  never  exceeds  64*8 
per  cent.,  and  is  never  less  than  33-3  per  cent  of  the  total  product  (Bosenstiehl, 
Ann,  Chem.  Phys.  [4],  xxvii.  433).  Beilstein  and  Kirfilberg  affirm  that  the 
two  nitrotoluenes  may  be  separated  by  repeated  fractional  distillation,  but 
Bosenstiehl,  who  has  examined  the  action  of  nitric  acid  on  toluene  in  a  most 
careful  and  exhaustive  manner,  and  whose  memoir  on  the  subject  deserves 
attentive  study,  states  that  it  is  impossible  entirely  to  separate  them  in  thiii 
manner ;  in  fact,  although  the  pure  para-derivative  may  be  isolated  from  the 
mixture,  pure  orthonitrotoluene  can  only  be  obtained  indirectly  from  toluene. 
Pure  paranitrotoluene  is  readily  prepared  from  the  crude  product  by  cooling  it 
by  means  of  a  good  refrigerating  mixture ;  the  crystals  which  separate  are  re- 
moved and  purified  by  crystallization  from  alcohol.  Pure  orthonitrotoluene  may 
be  obtained  by  Griess's  method  from  the  amidonitrotoluene,  C^Hj.NHj.NOj.CHj, 
prepared  by  reducing  orthoparadinitrotoluene  with  ammonic  sulphide  (BeiUtein 
and  Kuhlberg,  Ann,  Chem,  Pharm.,  civ.  i). 

A  third  modification,  meianitrotoluene,  is  formed  on  nitrating  acetoparami- 
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dotoluene  or  paraoetoluid,  C,H^.CH,.NH(C,H,0),  and  displacing,  by  Griess's 
method,  the  XH,  group  in  the  nitroparamidotoluene  obtained  from  this 
oompoond,  by  hydrogen.  The  three  isomeric  nitrotoluenea  have  the  following 
properties : 

Paranitrotoluene 
Metanitrotoluene 
Orthonitrotoluene 

By  the  action  of  chromic  acid  mixture,  para-  and  metanitrotoluene  are  readily 
oxidized  to  para-  and  metanitrobenzoic  acids,  C,H^.NO,.COOH,  whilst  orthonitro- 
toluene is  completely  decomposed  under  these  circumstances. 

DinUrotoluenes, — By  the  action  of  the  strongest  nitric  acid,  or  a  mixture  of 
nitric  and  sulphuric  acids,  on  paranitrotoluene,  orthoparcuiinitrotoluene 
(CH,  :  NO,  :  NO,  ss  I  :  2  :  4)  is  produced ;  it  crystallizes  in  almost  colourless 
needles,  which  melt  at  about  70°  (isS"*  F.).  The  same  body  is  obtained, 
together  with  a  liquid  isomeride,  which  is  probably  diorthodinitrotoluene 
(CH, :  NO, :  NO,  =  1:2:6),  by  nitrating  orthonitrotoluene  (Rosenstield,  loc. 
eit. ;  Cunerth,  Ann,  Chem,  PAarm.,  dzxii.  221).  A  third  dinitrotoluene  is 
produced  by  agitating  metanitrotoluene  with  the  strongest  nitric  acid  for  iK)me 
time;  it  forms  long  colourless  needles,  which  melt  at  60°  (140°  F.)  (Beilstein 
and  Euhlberg,  loc,  cU,), 

Trinitrotoluenes, — By  heating  orthoparanitrotoluene  with  a  mixture  of 
faming  sulphuric  and  nitric  acids  it  is  gradually  converted  into  a  triuitrotoluene, 
which  melts  at  8o°'5  (176^*9  F.);  the  same  compound  is  obtained  on  similarly 
treating  the  mixture  of  nitrotoluenes  formed  by  nitrating  toluene.  As  this 
compound  on  reduction  furnishes  a  dinitroamidotoluene  identical  with  that  formed 
from  the  dinitroparaoetoluid,  produced  by  nitrating  paraoetoluid,  there  can  be 
but  little  doubt  that  the  NO,  groups  are  in  the  positions  2:4:6  relatively  to 
the  CH,  group. 

An  isomeric  trinitrotoluene  is  produced  by  nitrating  metanitrotoluene 
(Beilstein  and  Euhlberg,  loc.  cit.  and  dviii.  341 ;  Tiemann,  DeuL  chem,  Ges. 
Ber„  iiL  217 ;  Mills,  FhU.  Mag.,  1875). 

(1347)  N1TBOXYLBNB8. — ^As  the  xylenes  are  converted  into  dinitro- 
derivatives  with  the  greatest  readiness,  the  preparation  of  the  mononitroxylenes 
is  a  matter  of  some  difficulty.  Nitroparcdimethylbenzene,  CjH,(NO,)(CH,),, 
is  obtained  by  carefully  adding  the  calculated  amount  of  nitric  acid  to  well  cooled 
paraxylene ;  it  is  a  colourless  oil  which  boils  at  234° — 237°  (453°'2 — 458°*6  F.) 
(Jannasch,  Ann.  Chem.  Pharm.,  clxxvi.  55).  By  the  action  of  a  slight  excess 
of  fuming  nitric  acid  on  paraxylene,  a  mixture  of  two  isomeric  i/ntVro-derivatives, 
in  about  equal  quantities,  b  produced,  one  of  which  melts  at  93°  (i 99^*4  F.), 
and  the  other  at  125^  (257°  F.);  they  may  be  separated  by  crystallization  from 
alcohol,  the  former  being  more  soluble  than  the  latter  (Jannasch,  ibid. 
dxxL  81).  By  the  action  of  a  mixture  of  concentrated  sulphuric  and  fuming 
nitric  acids,  paraxylene  is  converted  into  trinitroparaa^lene,  even  in  the  cold  Li* 
allowed  to  stand  for  some  time ;  this  is  much  more  soluble  in  hot  alcohol  than  the 
isomeric  metaxylene  derivative,  and  crystallizes  in  lai^r  colourless  needles, 
which  melt  at  137''  (278^-6  F.)  (Fittig,  Ahrens  and  Mattheides,  ibid,  cxlvii.  23). 

Nitrometaxylene,  prepared  by  Griess's  method,  from  the  amidonitrometa- 
xylene  firom  dinitrometaxylene,  melts  at  2°  (35°"6  F.),  and  boils  at  237° — 
239°  (458®'6 — 462°  2  F.).  By  gently  warming  the  solution  of  metaxylene  in 
fuming  nitric  acid,  it  is  entirely  converted  into  dinitrometaxylene,  which  melts  at 
the  same  temperature  as  the  isomeric  paraxylene  derivative ;  it  crv4dllizeB  in 
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large  ooloarless  flattened  needles ;  wherean  the  dinitroparazylene,  whieh  meHs  at 
93^,  form»  large  well  developed  monoclinic  prisms.  Bj  gently  warming  with  a 
mixture  of  sulphuric  and  nitric  acids  metaxylene  is  rapidly  converted  into  the 
^W»tYr(Mierivative,  which  melts  at  176°  (348°*8  F.),  and  crystallLces  in  thin 
colourless  flattened  needles  (loc,  cit). 

The  uitro- derivatives  of  orthoxylene  have  not  heen  examined  $  even  after 
prolonged  heating  with  nitric  acid  it  only  furnishes  liquid  products. 

(1348)  NiTBOTBiMETHTLBEirzENEs. — Pseudocumene  IB  readily  converted 
into  the  mouonitro^erivative  hy  the  action  of  cold  fuming  nitric  acid.  Niiro- 
pseudocumene  crystallizes  in  long  almost  colourless  needles,  which  melt  at  7 1^ 
(i59*'*8  F.) ;  it  may  be  dissolved  in  cold  fuming  nitric  acid  unchanged,  whereas 
the.  isomeric  nitromesitylene  is  so  readily  converted  into  the  diuitro-derivative, 
that  the  latter  is  obtained  almost  as  sole  product  on  dropping  mesitylene  into 
cold  faming  nitric  acid.  Pure  dinitropseudocumene  has  not  been  obtained. 
Pseudocumene  readily  furnishes  the  trinitro-derivative  when  added  to  a  cold 
mixture  of  2  vols,  concentrated  sulphuric  acid  with  i  vol.  fuming  nitric  acid. 
Trinitropseudocumene  crystallizes  in  colourless  prisms,  which  melts  at  185^ 
(365®  F.)  (Fittig  and  Laubinger,  Ann.  Chem,  Pharm,,  cli.  259). 

Nitromesitylene,  obtained  by  the  action  of  ordinary  nitric  acid  (sp.  gr.  1*38) 
on  mesitylene,  crystallizes  in  well  developed  pale  yellow  prisms,  which  melt  at 
41''  (io5'''8  F.)  (Fittig  and  Storer,  ibid.,  cxlvii.  i ;  Biedermann  and  Ledoux, 
JDeut  ekem.  Qes.  Ber.,  viii.  57). 

Dinitromesilylens  forms  fine  colourless,  glistening  rhombic  crystals,  which 
melt  at  86°  (i 86^*8  F.);  it  is  one  of  the  most  characteristic  derivatives  of 
mesitylene.  Mesitylene  is  converted  in  a  few  minutes  into  trinitromesitylene 
by  the  action  of  a  cold  mixture  of '  i  vol.  of  fuming  nitric  with  2  vols,  con- 
centrated sulphuric  acid;  it  crystallizes  in  colourless  needles,  which  melt  at 
232"  (449°'6  P.),  and  are  very  difficultly  soluble  in  hot  alcohol:  trinitropseudo* 
cumene,  on  the  contrary,  dissolves  readily  (Fittig,  Ann.  Chem,  JPharm.,  cxU. 

132). 

It  is  noteworthy  that,  to  convert  benzene  into  nitrobenzene,  it  is  necessary  to 
employ  very  strong  nitric  acid,  and  even  then  the  action  is  of  a  very  mild 
character,  whilst  dinitrobenzene  is  only  formed  after  heating  with  a  mixture  of  the 
strongest  nitric  and  sulphuric  acids.  Toluene  is  far  more  readily  converted  into 
nitrotoluene,  and  famishes  dinitrotoluene  with  no  great  difficulty ;  it  may  even 
be  converted  into  ^rtnitrotoluene  by  prolonged  warming  with  nitric  and  sulphuric 
acids.  The  dimethylbenzenes  readily  furnish  dinitro-derivatives ;  and,  lastly, 
the  trimethylbenzenes  are  so  readily  converted  into  trinitro-derivatives  that 
special  precautions  are  required  in  order  to  prevent  their  formation  when  lower 
derivatives  are  being  prepared. 

Very  little  is  known  of  the  nitro-derivatives  of  the  remaining  hydrocarbons 
of  the  benzene  series.  By  the  action  of  nitric  acid  on  etbylbenzene,  Beilstein  and 
Euhlberg  (ibid,  clvi.  206)  have  obtained  a  mixture  of  isomeric  ethylnitrohen- 
zenes,  C,H^.NO,.C,H,,  corresponding  to  the  mixture  of  isomeric  nitrotoluenes 
formed  on  nitrating  toluene.  Both  are  liquid  and  boil  respectively  at  245^ 
(473"  F.)  and  227°  (440°*6  F,);  the  former  is  converted  into  paranitrobenzoio 
acid  on  oxidation,  but  the  latter  does  not  furnish  a  corresponding  acid. 

Cymene  also  yields  two  mononitro-derivatives ;  the  chief  product  b  liquid, 
the  isomeric  compound,  however,  is  crystalline,  and  melts  at  125*'  (257^  F.) 
(Fittica,  ibid,  clxxii.  313). 
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CyanO'Derivatives  of  Benzene  and  its  Homohgttes. 

(1349)  CvAN0-DBRiVATivB8  OF  BsNZENE.  —  Cyanobenzene, 
Phenylic  cyanide,  or  Benzonitrile :  C^Hg.CN  or  C^Hg.C^N. — ^This 
compoand  may  be  obtained 

1.  By  distilling  a  mixture  oS  the  potassic  or  sodie  salt  of 
benzenesulpHonic  acid  with  potassic  cyanide  or  ferrocyanide : 

C^H^.SOgK   +  KCN  =   C^H^.CN   -h   SOjKj. 

Potassic  bemenesnlphonata.  Qyanobensene. 

2.  By  distilling  benzamide  with  phosphoric  anhydride  or 
pentasulphide : 

CgH5.CO.NH,  +  PjOg  =  C^H^.CN   +  aHPOy 

Beniamlde.  Cxanobenzene. 

3.  By  digesting  together  potassic  thiocyanate  and  benzoic 
acid^  and  afterwards  distilling  (Letts^  DetU*  chem.  Ges.  Ber.,  v. 
673).  Probably  benzamide  is  first  produced  and  subsequently 
resolved  into  cyanobenzene  and  water  under  the  influence  of  the 
potassic  benzoate  (Kekule^  ibid,  yi.  112) : 

aC^Hj.COOH  +  KCNS  =  C^Hg.CO.NHj  +  COS  +  C^Hg.COOK. 

Beiuolcacid.  Potasslo  Bsnzamlde.  Gbrbonlo  Potnsio 

Ihiocyaiuito.  oxjnlphids.  benzoate. 

4.  Cyanobenzene  is  also  formed  by  distilling  the  product 
of  the  action  of  benzoic  chloride  on  argentic  cyanate  (Schiitzen- 
bei^er)  : 

C,H5.C0a  +  AgOCN  =   C.Hg.COOCN  +  AgCl; 

Benzoic  chloride.  Benzoic  c 


C,H,.COOCN  =  CjHj.CN  +  CO,. 

Benzoic  cyanate.  Cyanobenzene. 

5.  By  distilling  a  mixture  of  oxalic  add  and  aniline  (Hof- 
mann). 

6.  By  digesting  phenylic  isothiocyanate  with  finely  divided 
metallic  copper  at  its  boiling  point;  the  isothiocyanate^  C^H^.NCS^ 
is  doubtless  first  converted  into  the  isocyanide  or  isocyanobenzene^ 
C^Hg.NC^  which  then  undergoes  isomeric  change  and  is  trans- 
formed into  cyanobenzene ;  this  is  rendered  highly  probable  by 
the  fact  that  when  isocyanobenzene  is  heated  alone  in  sealed 
tabes  for  a — 3  hours  to  200° — 220°  (392° — ^428°  E.)  it  undergoes 
this  change  (Weith^  ibid.  vi»  210), 

Cyanobenzene  is  a  colourless  mobile  liquid  having  an  odour 
somewhat  resembling  that  of  bitter  almonds ;  it  boik^at  191'^ 
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(375^8  F.).  When  heated  with  water  it  is  slowly  converted  into 
ammonic  benzoate,  but  it  is  far  more  readily  decomposed  in 
presence  of  acids  or  alkalies ;  on  boiling  with  an  alcoholic  solution 
of  potassic  hydrate  it  is  rapidly  converted  into  potassic  benzoate. 
Cyanobenzene  combines  with  the  haloid  acids^  forming  compounds 
such  as  C^HgN^aHBr  and  C^HgNjHCl.  By  the  action  of  fuming 
nitric  acid  it  is  converted  into  crystalline  metanitrocyanobenzene, 
CgH^.NOg-CN.  When  heated  with  bromine  to  140° — 150° 
(284® — 302°  F.)  it  famishes  a  small  quantity  of  a  substance  of 
the  composition  C^HgNBr^  (?  C^H^BrN.HBr);  a  crystalline  body 
represented  by  the  empirical  formula  C^H^NBr,  the  nature 
of  which  has  not  been  determined;  and  a  viscid  substance 
(Engler). 

Cyanobenzene  is  readily  polymerized.  Thus  when  it  is 
gently  heated  with  sodium  it  furnishes  cyaphenine — a  body  of  the 
same  empirical  composition  as  the  original  substance — ^together 
with  sodic  cyanide  and  another  carbon  compound  (Hofmann). 
Cyaphenine  is  also  formed  by  the  action  of  benzoic  chloride  on 
potassic  cyanate  (Cloez) ;  and  from  the  compound  C^HgNBr 
from  cyanobenzene^  which^  when  heated^  splits  up  into  cyaphenine^ 
bromine^  and  cyanobenzene.  Cyaphenine  is  only  slightly  soluble  in 
alcohol  or  ether^  but  readily  soluble  in  carbonic  disulphide ;  it 
crystallizes  in  small  needles  which  melt  at  224°  (435^*2  F.).  It 
does  not  furnish  ammonia  when  boiled  with  an  alcoholic  solution 
of  potassic  hydrate  (Engler,  Ann,  Chem.  Pharm.j  cxlix.  310).  It 
dissolves  in  sulphuric  acid,  being  converted  into  a  sulpho-acid; 
whilst  fuming  nitric  acid  transforms  it  into  a  crystalline  mono- 
nitro-derivative. 

Isocyanobenene,  Phenylic  isocyanide,  or  Phenykarbamine  : 
CgHg.NC  or  CgHg.NzzC. — This  compound  is  formed  on  distilling 
a  mixture  of  chloroform,  aniline,  and  an  alcoholic  solution  of 
potassic  hydrate  (Hofmann,  ibid,  cxliv.  117) : 

CHCI3  +  C^Hg.NHj  +  3KHO  =  C^H5.NC  +  3KCI  +  3OH3. 

Chloroform.  Aniline.  Isocyanobenzene. 

It  is  a  mobile  liquid,  blue  by  reflected  and  green  by  transmitted 
light.  It  has  a  pungent,  most  unpleasant,  aromatic  odour  like 
that  of  hydrocyanic  acid,  and  its  vapour  produces  an  intensely 
bitter  taste  upon  the  tongue,  and  a  suffocating  sensation  in  the 
throat.  It  boils  at  about  160°  (320°  P-)>  ^^^  is  **  tte  same 
time  partially  decomposed.  It  is  easily  distinguished  from  the 
isomeric  compound  by  the  energy  with  which  it  enters  into 
reaction  with  various  bodies.     Tiius  it  unites  very  readily  with 
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metallic  cyanides  forming  crystalline  double  cyanides^  and  when 
heated  with  sulphur  combines  with  it  to  form  phenylic  isothiocya* 
nate.  C^Hj.NCS  (Weith,  Deut.  chem.  Ges.  Bar.,  vi.  aio) ;  ben- 
zonitrile^  on  the  contrary^  unites  but  slowly  with  metallic  cyanides^ 
and  does  not  combine  with  sulphur.  The  isocyanide^  moreover^ 
is  scarcely  altered  by  alkaline  solutions^  although  they  readily  decom- 
pose benzonitrile ;  and  it  is  easily  decomposed  even  by  dilute  acids 
and  with  great  evolution  of  heat  by  concentrated  acids,  whereas 
benzonitrile  is  affected  by  acids  only  on  heating.  The  reactions 
which  take  place  are  represented  by  the  following  equations : 

C^Hj.NC  +  OHj  =  CgH6.NH(HC0) ; 

ItocyanobeDzene.  Phenylformamide. 

C,Hj.NH(HCO)   +   OHj  =  C.Hj.NH,  +  HCOOH. 

PhenylToirmBmide.    '  Anillno.  FormSeadd. 

CN.C.H,  +  NH,.C,H,  =  Ch/JJ^-^'^s 

L.      *     6     5* 

Iso^TUiobeiaaie.  Aniline.  MefheoTl-  dlphenyl- 

diunine. 

Taradicyanobenzene :  C,H^(CN),,  (CN  :  CN=  i  :  4),  prepared  by  distilling 
a  mixture  of  the  potassic  nalt  of  beuzeneparadlsalphonio  aoid,  C^H^(SO,H),,  and 
potanaic  cyanide,  crystallizes  in  long  thin  needles,  and  melts  at  about  220° 
(428°  P.) ;  when  decomposed  by  boiling  with  potassic  hydrate  solution  it  fur- 
nishes terephihalic  acid,  C,H^(COOH),. 

Metadicyanobenzene  (CN  :  CN  =1:3),  similarly  prepared  from  benzene- 
metadisulphonio  acid,  crystallizes  in  fine  short  needlet^;  it  melts  at  160^ 
(320^  F.),  and  yields  isophthalic  acid  (Barth  and  Senhofer,  Deut  chem.  Oes. 
Ber.,  viii.  254;  1481). 

(1350)  Ctako-dbbivativbs  of  thb  HoMOLOorEs  OF  Bbnzbnb. — A  num- 
ber of  cyano-deriyatives  have  been  obtained  by  distilling  mixtures  of  potassic 
cyanide  with  the  potassic  salts  of  the  salpho-acids,  derived  from  the  homologiies 
of  benzene,  but  liUle  is  known  of  them ;  in  all  of  these  the  cyanogen  is  present  in 
the  0,  group.  Cyano-derivatives  have  also  been  formed  from  the  chloro-deriva- 
tiyes  of  the  homologues  of  benzene  containing  chlorine  in  the  side  chain,  by 
double   decomposition  with  potassic  cyanide:   the  compounds  C^H^.CH^.CN, 

C.H.(CH..CN)^  C.H..C.H..CN.C.H.|  ^^'^jjj  ««aC.H,{  JA^jjj.have  been 

thus  prepared.     With  the  exception  of  the  dicyano-derivatiye  of  xylene,  which  is 
crystalline,  they  are  all  colourless  liquids. 

Nitro-haloid  Derivatives  of  Benzene  and  its  Homologues. 

(1351)  The  various  haloid  derivatives  of  benaene  and  its 
homologues^  formed  by  the  displacement  of  one  or  more  atoms  of 
hydrogen  in  the  C^  groilp  by  halogens,  are  all  more  or  less  readily 
converted  into  nitro-haloid  derivatives  by  the  action  of  nitric  acj^^ 
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The  haloid  derivatives  containing  the  halogen  in  the  side  chain 
appear  ako  to  yield  nitro-haloid  derivatives  on  careful  treatment 
with  nitric  acid,  although  but  very  few  compounds  of  this  class  have 
been  obtained.  The  formation  of  nitro-haloid  derivatives  from 
nitro-derivatives  has  been  realized  in  but  a  very  limited  number  of 
cases ;  in  &ct,  the  only  compounds  which  have  been  prepared  in 
this  way  are  metachkn-onitrobenzene,  CgH^CLNO^,  and  nitropara- 
dichlorobenzene,  CeHjClj.NOy  formed  by  the  action  of  chlorine 
on  nitrobenzene  in  presence  of  iodine  or  antimonic  pentachloride, 
and  orthO'  And  paranitro-  (o— i)  chlorotoluene,  CgH^.NOj.CHjCl, 
obtained  by  the  action  of  chlorine  on  heated  ortho-  and  para- 
nitrotoluene  (Wachendorff,  DeuL  chem.  Ges.  Ber.,  viii.  iioi).  A 
considerable  number  of  nitro-haloid  derivatives  have  been  pro- 
cured by  Griess^s  method  from  nitro-haloid-amido-derivatives  of 
benzene  and  its  homologues. 

A  very  large  number  of  nitro-haloid  derivatives  of  benzene 
and  its  homologues  have  been  obtained  by  these  various  methods, 
but  it  will  be  impossible  to  give  here  more  than  a  general  account 
of  their  formation  and  properties.  With  very  few  exceptions 
they  are  crystalline  substances,  insoluble,  or  nearly  so,  in  water, 
but  soluble  in  alcohol,  ether,  benzene,  &c.  In  most  cases  the 
bromo-derivatives  have  been  more  completely  examined  than 
either  the  chloro-  or  iodo-  derivatives. 

(1352)  NiTBO-HALoiD  Dbbivativss  OF  Benzestb.  Miro-monohaloid 
derivatives. — Chloro-  bromo*  and  iodobenzene  each  furnish  a  mixture  of  the 
para"  and  or^Aomonont^ro-derivatives  on  treatment  vith  fuming  nitric  acid ; 
the  para-derivative  la  always  the  main  product,  but  a  relatively  larger  propor- 
tion of  the  ortho-derivative  appears  to  be  formed,  the  more  violent  the  treatment 
to  which  the  haloid  benzene  derivative  is  submitted :  thus  the  best  yield  of 
orthonitrobromobenzcne  is  obtained  by  adding  the  bromobenzene  to  nitric  acid 
of  the  sp.  gr.  1-5  heated  to  90"*— 95°  (194''— 203**  P.)  (Zincke  and  Walker, 
ibid,  V.  114).  Moreover,  iodobenzene  appears  to  furnish  relatively  the  largest 
amount  of  the  orthonitro-derivative,  as  much  as  40  per  cent,  of  the  product  con- 
sisting under  favourable  conditions  of  orthonitroiodobenzene  (Komer).  Meta- 
nitro-chloro,  bromo-  and  iodobenzene  may  be  obtained  by  Griess's  method  from 
the  metanitraniline,  C,H^.NO,.>^H,,  formed  on  partially  reducing  metadinitro- 
benzene.  Metanitrochlorobenzene  may  also  be  procured  by  chlorinating  nitro- 
benzene. 

Paranitrochlorobenzene  is  not  altered  by  boiling  fuming  nitric  acid,  but  on 
vrarming  with  a  mixture  of  fuming  nitric  and  sulphuric  add  it  ^mishes,  as  sole 
product,  orthoparadinitrocklorohenzene  (CI :  NO,  :  NO  =1:2:4);  paranitro- 
bromo-  and  -iodobenzene  fumiuh  corresponding  compounds.  On  similar  treat- 
ment, or  even  on  warming  with  fuming  nitric  add,  orthonitroohlorobenzene  also 
furnishes  orthoparadinitrochlorobenzene,  but  a  small  quantity  of  an  isomeric 
diorthonitrochUrohenzene  (CI ;  NO,  :  NO,  =  i  :  2  :  6),  is  simultaneously  pro- 
duced ;  orthonitrobromo-  and  -iodobenzene  yield  similar  mixtures.  The  amount 
of  diortho-derivative  produced  is  always  small  (6  to  7  per  oent^  the^total  pro- 
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duct  in  the  case  of  orthonitroiodobeDzene  according  to  Korner),  and  appeari  to 
be  letts,  the  more  energetic  the  reaction.  Metanitrobromobenzene  also  furnishes 
a  mixture  of  isomeric  dinitrobromobenzenes  on  nitration  with  a  mixture  of  nitric 
and  sulphuric  acids,  the  chief  product  being  a  parametadinitrohromohenzene 
(Br  :  NO,  :  NO,  =  I  :  3  :  4)  (Korner). 

The  melting  points  (**  Cent.)  of  the  various  nitro-derivatives  of  chloro-  bromo- 
and  iodobenzene  are  given  in  the  following  table : 


C«wtitatimi,the 
halog«n  being  in 

Paranitro-       

Metauitro-       ...     ... 

Orthonitro-      

Orthoparadinitro-     ... 
Diorthodinitro- 
Parametadinitzo-     ... 

83° 
48° 

53% 
43 

56°-4 

43 

75°-3 

59°-4 

i7i°-4 
(?)  36° 
49°-4 
88°-5 

"3'7 

1:4 

1:3 

1:2 
1:2:4 
1:2:6 
1:3:4 

NHro-dihaloid  derivative*. — By  the  action  of  fuming  nitric  acid  on  para* 
dibromobenzene  a  single  mononitro-derivative  is  produced ;  but  meta-  and  ortJuh 
dibromobenzene  furnish  two  isomeric  mononitro-derivatives,  of  one  of  which, 
however,  relatively  only  a  very  small  quantity  is  produced  in  each  case.  The 
chief  product  from  metadibromobenzene  is  the  modification  NO,  :  Br  :  Br  :  = 
1:2:4,  and  the  accessory  product  the  modification  NO,  :  Br  :  Br  =  i  :  2  :  6  ; 
a  third  nitrometadibromobenzene  (NO, :  Br  :  Br  »  i  :  3  :  5)  is  obtained  from 
dibromopara-  and  dibromorthonitraniline  by  displacing  the  NH,  group  by  hy- 
drogen. The  chief  nitration  product  from  orthodibromobenzene  is  the  modifi- 
cation NO, :  Br  :  Br  =  1:3:4.  The  isomeric  dichlorobenzenes  behave 
aimilariy.  Paradiiodobenzene,  however,  is  converted  by  nitric  acid  into  parani* 
troiodobenzene,  one  of  the  atoms  of  iodine  being  displaced  by  the  NO,  group  ; 
but  metadiiodobenzene  yields  a  mononitro-derivative.  The  melting  points 
(^  Cent)  of  these  various  derivatives  are  given  in  the. following  table: 


dichloro. 
benzene 

dibromobenxene. 

ConatitotioD,  tbe 

Nitropara-      

Nitrometa-     

Nitrometa-     

Nitrometa-    

Nitroortho-    

Nitroortho-    

S4°-6 
3a''-2 

6s~;4 
43 

85°-4 

82°-6 

io4°-5 
58° 

i68**-4 

1:2:5 

1:2:4 
I  :a:6 

1:3:5 
1:3:4 

1:2:3 

On  treatment  with  a  mixture  of  nitric  and  sulphuric  acid  these  nitrodibromo- 
benzenes,  &&,  are  more  or  less  readily  converted  into  dinitro-derivatives ;  but 
very  few  bf  Uiese  latter  have  as  yet  been  carefully  examined. 

Nitro-irihaloid  derivatives, — By  the  action  of  fuming  nitric  acid  on  1:3:4 
tribromobenzene  a  mixture  of  mononitro-derivatives  is  produoed,  consisting 
chiefly  of  the  modification  NO, :  Br  :  Br :  Br  =  1:2:4:5,  together  with  a 
small  quantity  of  the  modification  NO, :  Br  :  Br  :  Br  ==  1:2:5:6; 
a  third  nitrometatribromobenzene  (NO, «  Br  :  Br  :  Br  =  i :  2  :  3  :  5)  is  ob- 
tained by  displacing  the  NH,  group  in  cUbromorthonitraniline  by  bromine.   _& 
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beating  with  a  large  excess  of  a  mixture  of  fuming  nitric  and  fuming  aul- 
phuric  acid  the  1:2:4:5  nitrometatribromubenzene  ia  converted  into  a  dini- 
tro-derivative.  A  nitroorthotribromobenzene  (NO, :  Br  :  Br  :  Br  =  1:3:4:5) 
ia  obtained  by  displacing  the  NH^  group  in  dibromoparanitraniline  by  bromine ; 
it  is  uncertain  whether  this  is  the  compound  formed  by  nitrating  orthotribromo- 
benzene,  or  whether  the  product  is  the  modification  NO, :  Br  :  Br  :  Br  = 
1:2:3:4.  By  the  action  of  nitric  acid  of  sp.  gr.  1*54  paratribromobenzene 
is  very  readily  converted  into  a  dinitro-derivative,  but  by  careful  treatment 
with  acid  of  the  sp.  gr.  1-52,  in  presence  of  a  small  quantity  of  acetic  acid, 
it  furnishes  the  mononitro-derivative  NO, :  Br  :  Br  :  Br  =  1:2:4:6 
(Richter,  Deui,  chem.  Ges,  Ber,,  viii.  1426);  by  the  action  of  a  mixture  of 
sulphuric  and  nitric  acids,  paratribromobenzene  is  finally  converted  into  a  trinitro- 
derivative.  The  melting  points  (^  Cent.)  of  the  mono-  and  dinitrotribromoben- 
zenes  are  as  follows : 


M.P. 

ConBtltation,NOj 
in  the  poe.  i. 

"^0 
iia° 

does  not 
melt  at 

1:2:5:6 

M.P. 


Nitroparatribromobenzeue 
Nitroorthotribromobenxene 

NitrometatiibromobeQzene 


Dinitroparatribromobenzene 
DinitrjoorthotribromobeDzene 

Dfadtrometatribromobenzene 


i6a*4 
13?^ 


(1353)  NiTAOHALoiD  DEBiYATiTES  OF  ToLUBNB. — Oor  knowledge  of  the 
nitro-haloid  derivatives  of  toluene,  and  indeed  of  the  homologues  of  benzene 
generally,  is  extremely  deficient,  and  only  in  a  limited  number  of  cases  are  suffi- 
cient data  at  our  disposal  to  enable  us  to  infer  their  constitution. 

On  treatment  with  fuming  nitric  acid,  parahromoioluene  is  converted  into  a 
mixture  of  isomeric  nitrobromotoluenes ;  the  main  product  is  solid,  and  melts  at 
43°  ( 1 09**4  ^O*  When  reduced,  it  furnishes  a  bromotoluidine,  C,HjBr.NH,.CH,, 
which  yields  orthotoluidine  on  treatment  with  sodium  amalgam  and  water 
(Wroblevsky).  These  observations  show  that  crystalline  nitroparabromotoluene 
has  the  constitution  OH,  :  NO^  :  Br  =  i  :  2  :  4,  which  is  confirmed  by  its 
formation,  by  Greiss's  method,  from  the  nitrotoluidine  from  paraorthonitrotoluene 
(Beilstein  and  Euhlberg) ;  the  liquid  isomeride  is  therefore  the  modification 
CH,  :  NO, :  Br  =  I  :  3  :  4.  Parachlorotoluene  also  yields  two  isomeric  nitro* 
derivatives. 

Ifetabromotoluene  furnishes  only  a  single  nitro-derivative,  which  melts  at 
54"  (i29''-2  P.)  (Grete, -4n».  Chem.  PAan».,  clxxvii.  245).  The  NO,  group 
in  this  compound  is  in  the  ortho-position  relatively  to  the  CH,  group,  since  the 
bromotoluidine  obtained  from  it  by  reduction  is  identical  with  the  bromotoluidine 
prepared  from  orthotoluidine ;  it  is  not  known,  however,  which  of  the  following 
figures  represent'S  nitrometabromotoluene : 


CH. 


or 


Nitrometabromotolnena. 


Metabromotoloene. 


By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  metabromo- 
toluene  is  converted  into  a  dinitro-derivative  melting  at  about  poj^  (2if  °-4  P.). 
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The   behayioar  of  pore   orihohromotoluene  on  nitration    has   not  yet   been 
ftBoertained. 

When  (o~i)  chloro  toluene  or  benzylic  chloride  is  added  to  fuming  nitric 
acid,  it  18  converted  into  paranitro  (o-i)  chlorotoluene,  which  melts  at  71° 
( 1 59°'8  F.) ;  a  small  quantity  of  an  oily  product  is  also  produced,  which  is  per- 
haps the  isomeric  orthonitro-derivative.  Paranitro(o-i)chlorotolnene  or  para- 
xiitrobenzylic  chloride  is  readily  oiidized  to  paranitrobenzoic  acid ;  and  when 
digested  with  an  alcoholic  solution  of  potassic  acetate,  it  is  converted  into  para- 
nitrobenzylic  acetate,  C.H^.NO,.CH,(C,H,0^. 

(1354)  Action  of  Ammonia  and  Alkalies  on  the  Nitro- 
HALOiD  Derivatives  of  Benzene  and  its  Homologues. — Al- 
though those  haloid  derivatives  of  the  hydrocarbons  of  the 
benzene  series  which  contain  the  halogen  in  the  Cg  group  are 
extremely  stable  substances,  and  do  not  exhibit  the  least  tendency 
to  enter  into  reactions  of  double  decomposition^  their  nitro- 
derivatives  frequently  prove  less  refractory.  Thus  many  of  them 
on  treatment  with  an  alcoholic  solution  of  ammonia  exchange 
one  and  sometimes  two  atoms  of  halogen  for  one  or  two 
NH,  groups.  In  some  cases  this  action  takes  place  at  the 
ordinary  atmospheric  temperature,  in  others  it  is  necessary  to 
heat  more  or  less  strongly.  The  nitrochloro-derivatives  appear 
to  be  more  readily  acted  upon  than  the  corresponding  nitro- 
bromo-,  and  the  nitrobromo-  more  readily  than  the  corre- 
icponding  nitroiodo-  derivatives ;  for  example,  dinitrochlorobenzene, 
CgHj,Cl(N02)3,  melting  at  53°'4  (i28°-i  F.),  is  completely  converted 
into  dinitraniline,CeH3.NH3.(N03)3,  within  twenty-four  hours,  when 
merely  placed  in  contact  with  an  alcoholic  solution  of  ammonia^ 
whereas  the  corresponding  dinitrobromobenzene  requires  eight  days 
or  more  for  its  complete  conversion  into  dinitraniline,  and  the 
corresponding  dinitroiodobenzene  is  still  in  part  unchanged,  even 
after  many  months  of  contact  with  the  ammonia  solution 
(Komer). 

In  two  remarkable  instances  Komer  has  observed  the  displace- 
ment of  the  NOg  group  by  the  NH,  group  by  the  action  of 
ammonia  on  nitro-haloid  derivatives.  Thus  when  /3-dinitropara- 
dichlorobenzene,  CeHgClgfNOjj)^,  is  heated  with  an  alcoholic  solu- 
tion of  ammonia  to  150° — 160°  (302° — ^320°  F.),  it  is  converted 
into  a  nitrodichloramidobenzene,  CgHgClg.NOg.NHj,  the  NO^ 
group  being  eliminated  as  ammonic  nitrite,  which  then  becomes 
resolved  into  nitrogen  and  water,  thus : 

C,H,Cl3(N0^,  -h  3NH3  =  C,H,Cl2.N03.NH3  +  Nj,  +  aOH,. 

Similarly,  by  heating  metaparadinitrobromobenzene  to  about 
180®  (356*^  F.)  with  ammonia  solution,  it  is  converted  into  a 
bramonitroamidobensene  (Br  :  NH^  :  NOj=  1:3:4).  ^  j 
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Certain  of  the  nitro-haloid  derivatives  are  converted  into 
phenol  derivatives  by  heating  with  a  more  or  less  concentrated 
aqueous  solution  of  potassic  hydrate.  Thus,  by  heating  orthopara- 
dinitroiodobenzene  with  a  dilute  solution  of  potassic  hydrate^ 
potassium  a-dinitrophenol  is  produced  : 

C.HjICNOa),  +   2KHO  =  C,H3(N0^3.0K  +   KI  +   OH^. 

Similarly,  dinitrometadibromobenzene,  CeH3Brjj(N02)jj,  is  con- 
verted into  the  potassium  derivative  of  diniirometabromophenol, 
CeHjjBr(N0j)2.0H.  This  reaction,  however,  is  not  so  jfrequently 
applicable  as  that  with  ammonia. 

It  is  found  (at  least  in  the  case  of  the  di-  and  tri-derivatives) 
that  it  is  not  possible  to  displace  an  atom  of  halogen  by  NH,  or 
OH,  except  it  occupy  the  ortho-  or  para-  position  relatively  to  a 
nitro  group.  Thus  or/Aonitro-  and  ^aranitrobromobenzene  may 
be  converted  into  the  corresponding  nitroamidobenzenes,  but 
ammonia  is  entirely  without  action  on  m^/anitrobromobenzene. 

(1355)  Action  op  Potassic  Cyanide  on  Nitro-haloid  De- 
rivatives OP  Benzene  and  its  Homologues. — Von  Richter  has 
shown  {Deut.  chem.  Ges.  Ber.,  iv.  ai,  461,  553  ;  v.  422 ;  vii.  1145  * 
viii.  14 1 8)  that  when  certain  of  the  nitro-haloid  derivatives  of 
benzene  and  its  homologues  are  heated  with  an  alcoholic  solution 
of  potassic  cyanide,  and  the  product  boiled  with  alkali,  haloid 
derivatives  of  acids  of  the  benzoic  series  are  obtained.  At  first 
sight  the  natural  interpretation  of  this  result  would  seem  to  be 
that  the  NOg  group  is  displaced  by  the  CN  group,  and  that  this, 
by  the  action  of  water  in  presence  of  an  alkali,  is  then  resolved 
into  COOH  and  ammonia ;  for  instance,  when  paranitrobromo- 
benzene  is  converted  into  a  bromobenzoic  acid  by  this  process,  it 
might  be  supposed  that  the  following  reactions  took  place : 

C.H^Br.NOj  +   KCN  =  CeH.Br.CN   +  KNO^ : 

Nitrobromobeuiene.  CyanobromobenieDe^ 

e,H,Br.CN  +  OH,  =  CaH^Br.COOH  +  NHj. 

Cyanobromobensene.  Bromobenzoic  add. 

This,  however,  does  not  seem  to  be  the  case ;  for  whereas  the 
products  formed  by  the  action  of  ammonia  or  alkalies  on  nitro- 
haloid  derivatives  of  benzene  and  its  homologues  always  belong 
to  the  same  isomeric  series  as  the  parent  substances,  paranitTo^ 
bromobenzene,  for  example,  being  converted  into  joaranitraniline, 
and  or//ionitrobromobenzene  into  orMonitraniline,  Richter  finds 
that  the  acids  obtained  by  his  method  do  not  belong^to  the  same 
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isomeric  series  as  the  parent  substances.  Thus  /^aranitrobromo- 
aud  chlorobenzene  furnish  respectively  metahTomo-  and  chloro- 
benzoic  acid,  and  m^^anitrochloro-,  bromo-,  and  iodobenzene  are 
converted  respectively  into  orthocblotO',  bromo-,  and  iodobenzoic 
acid.  Bichter  explains  this  apparent  anomaly  by  supposing  that 
the  first  change  which  occurs  is  not  a  reaction  of  double  decom- 
position^ but  that  the  nitro-haloid  derivative  enters  into  union 
with  a  molecule  of  hydrocyanic  acid ;  the  elements  of  a  molecule 
of  nitrous  acid  are  then  split  off,  and  thus  a  cyano-haloid 
derivative  is  produced  of  a  different  isomeric  series  from  that  to 
which  the  nitro-haloid  derivative  belonged.  This  may  be  illus- 
trated in  the  case  of  paranitrobromobenzene  by  the  following 
figures: 

Br  Br  Br 

/\       /\      /\ 

HC     CH       HC     OH     HC     CH 
HC     CH       HC     C<u    HC     CCN 

\/'  \/  \^ 

NO,  A  H 

HNOj 

Fannitrobromo-  Additive  compound  with  Metaejftnobromo- 

benzflne.  Hydrocyanic  add.  benzene. 

Prom  the  examination  of  the  behaviour  of  a  number  of  nitro- 
haloid  derivatives,  Bichter  concludes  that  in  no  case  does  the 
action  take  place  when  the  NO,  group  is  in  the  orMo-position 
(1:2)  relatively  to  the  halogen.  Thus,  although  the  crystalline 
nitroparabromotoluene  (CH, :  NO,  :  Br=  1:2:4)  may  be  con- 
verted into  a  bromotoluic  acid  (CH3 :  COOH  :  Br=  i  :  3  : 4),  the 
isomeric  liquid  modification  (i :  3  : 4)  is  not  acted  upon.  Nitro- 
/?aradibromobenzene  enters  into  reaction  with  potassic  cyanide 
when  the  two  are  heated  together  in  alcoholic  solution  to  i2cP — 
140°  (348° — 284°  P.) ;  the  isomeric  nitrom^/adibromobenzene, 
however,  is  only  acted  upon  at  about  250®  (482®  P.)  :  in  this 
way  dibromobenzoic  acids  are  produced,  the  relations  of  which 
to  the  parent  substances  are  probably  expressed  by  the  following 
figures  : 
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COOH 
Br 

Nltroparad  ibromobenzene. 

Nitro-i  :  3  : 5-tribromobenzene  and  nitro-i  12:4:  6-tetrabromo- 
benzene  are  not  attacked  by  an  alcoholic  solution  of  potassic 
cyanide. 

(1356)  General  Review  and  Summary  op  the  Action  op 
Reagents  on  Benzene  and   its   Homolooues. — We  have  seen 
that  although  isomeric  compounds  are  never  formed  by  the  dis- 
placement  of    a  single  atom  of  hydrogen  in  benzene  by  the 
halogens^  NO3,  &c.,  isomerides   are   often  produced  from   these 
mono-substitution  derivatives  of  benzene.     As  far  as  we   have 
yet    gone,  only  those    mono-substitution    derivatives  have  been 
discussed    which    are    formed   by  the  introduction  of  CH3  and 
radicles  of  the  form  C^Hjn+i,  the  halogens,  NOg,  or  CN  in  place 
of  hydrogen;  but  many  others  are  known  which  will  be  described 
hereafter,  together  with  the  more  important  of  their  derivatives 
(see  phenol,  benzoic  acid,  and  aniline).     It  will  be  of  interest, 
however,  at  this  sta^e  to  compare  together  the  di-derivatives  which 
result  from   the   action   of  various  reagents  on   all  the  known 
mono-substitution  derivatives  of  benzene,  leaving  for  description 
later  on,  the  higher  derivatives  formed  by  the  displacement  of 
more  than  two  atoms  of  hydrogen  in  benzene.     In  the  follow- 
ing table  the  nature  of  the  mono-derivative  is  denoted  (column  1) 
simply  by  the  radicle  or  side  chain   which  is  introduced   into 
benzene  in  place  of  an  atom  of  hydrogen,  the  figures  in  the 
columns  to  the  right  indicating  the  series  to  which  the  di-deriva- 
tives   produced  by  the   action  of   the  halogens,  nitric  acid,  or 
sulphuric    acid    belong ;    the    main    product   if  two    or    more 
isomeric  substances  result,  is  denoted  by  larger  figures,  and  the 
accessory  product  or  products  by  smaller  figures,  the  radicle  of 
the    mono-derivative    being    always   understood  to   occupy    the 
position  I. 

In  a  large  number  of  cases  the  jpara-diderivative  is  the  chief 
product,  although  the  orMo-derivative  is  usually  produced  simulta- 
neously :  the  relative  proportions  in  which  these  two  are  formed 
being  largely  dependent  upon  the  conditions  under  which  the 
action  takes  place.  It  would  seem^  however,  that  the  more  care- 
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*  Aooording  to  BoseuBtiehl    (p.  324),  paraDitrotolaene  ib  the  main  product. 

when  the  nitration  is  affected  by  a  large  excess  of  acid  (5  pts.  of  sp.  gr.  i  '5  to  i 

of  tolaene)  at  a  relatively  high  temperature  (40°  C),  but  orthonitrotoluene  ia 

chiefly  produced  if  a  relatively  small  amount  of  acid  be  taken  (equal  parts  of 

3  I 
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fully  and  gradually  the  displacement  is  efifected  the  less  of  the 
ortho-derivative  is  produced,  and  it  is  noteworthy  that  when  the 
para-derivative  is  the  main  product,  the  meta-derivative  is  very 
seldom  formed.  In  other  instances  again,  and  especially  in  the 
presence  of  those  groups  which  usually  confer  an  acid  character 
upon  the  compounds  which  contain  them  (NOg,  COOH,  SOjH), 
the  meta-di-derivative  is  either  the  sole  product,  or  is  obtained 
together  with  a  relatively  very  small  quantity  of  the  para-,  or  the 
para-  and  ortho-derivatives. 

Attention  has  already  been  called  to  the  fact  that  the  dis- 
placement of  halogen  in  the  nitro-haloid  derivatives  by  NH^  or 
OH  only  takes  place  (in  the  case  of  the  di-  and  tri-derivatives  of 
benzene)  when  the  halogen  is  in  the  ortko-  or  para-  position 
relatively  to  the  NOg  group.  Certain  of  the  nitro-haloid-amido- 
derivatives,  however,  furnish  nitro-haloid  derivatives  of  the 
phenols  (i.e.  the  NH^  group  is  displaced  by  the  OH  group) 
when  they  are  submitted  to  the  action  of  potassic  hydrate  solu- 
tionj  thus: 

CeH3Cl.NO2.NH2   +   KHO   =  CeH3Cl.NO2.OH   +   NH3; 

and  the  reverse  change  may  often  be  effected  by  heating  the 
phenol  derivatives — or  rather  the  compounds  derived  from  them 
by  displacing  hydrogen  in  the  OH  group  by  CH3  or  CjHj — with 
ammonia.  These  reactions,  again,  only  take  place  when  the  NHg 
and  OCH3  groups,  &c.,  are  in  either  the  para-  or  ortho-  position 
relatively  to  the  NO2  group. 

It  is  evident  that  Kekule's  benzene  (Symbol  scarcely  affords  a 
satisfactory  representation  of  these  .A4t8  : 

A 

6-C  C— 2 

I  II 

I 

4 


acid  and  toluene),  and  the  nitration  be  etfected  at  a  lower  temperature  (10®  C.}. 
With  phenol,  however,  the  case  is  different,  for  £omer  states  that  paranitro- 
phenol  is  mainly  produced  on  nitrating  phenol  in  the  cold,  but  that  orthonitro- 
phenol  prcTaiis  it'  the  action  takes  place  at  higher  temperatures^^ 
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since  it 'does  not  in  any  way  indicate  that  a  given  radicle  in  the 
position  I  will  have  a  certain  influence  in  favouring  the  displace- 
ment of  an  atom  of  hydrogen  in  the  positions  2  (or  6)  and  4,  and 
that  it  will  tend  to  prevent,  or  at  least  in  no  way  favour,  the 
displacement  of  the  atoms  of  hydrogen  in  the  position  3  (or  5) : 
that  is  to  say,  it  does  not  account  for  the  simultaneous  forma- 
tion of  para-  and  ortho-derivatives  almost  or  completely  to  the 
exclusion  of  meta-derivatives ;  nor  does  it  indicate  that  a  NO3 
group  in  the  position  i  will  render  possible  the  displacement  of 
an  atom  of  halogen  in  the  position  2  (and  6)  or  4,  but  that  it  will 
not  in  the  least  favour  its  displacement  if  it  is  in  the  position 
3  (or  5).  On  the  contrary,  it  seems  to  indicate  that  whatever 
influence  the  radicle  in  the  position  1  may  have  upon  the  radicles 
in  the  positions  2  (or  6),  3  (or  5)  and  4,  the  influence  exercised 
upon  the  radicles  in  the  position  3  (or  5)  will  be  in  a  measure 
intermediate  between  that  exercised  upon  those  in  the  positions 
2  (or  6)  and  4,  which  we  have  seen  is  not  the  case.  Of  the 
numerous  symbols  to  represent  benzene  which  have  been  pro- 
posed, however,  none  are  able  to  express  the  relations  above 
indicated,  and  at  the  same  time  to  afford  a  satisfactory  represen- 
tation of  the  facts  which  can  be  adequately  demonstrated  with 
the  aid  of  Kekule^s  symbol ;  and  we  may  say,  in  short,  that 
Kekul^^s  symbol,  although  by  no  means  affording  an  explanation 
of  all  the  known  facts  in  connexion  with  benzene  and  its  homo- 
logues,  yet  does  exhibit  them  far  more  perfectly  than  any  other, 
and  is  probably  the  best  graphic  expression  that  can  be  devised, 
considering  the  present^ftM^Af  our  knowledge  of  the  subject.'^ 

*  The  reader  is  requested  to  cancel  the  passage  on  p.  263,  line  7  to  line  15, 
commencing — "  but  inasmuch"  to  **  known  reactions  of  benzene,'*  the  insertion 
of  which  is  due  to  an  oversight — Eds. 
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§  VI.  Hydrocarbons  of  the  C,^H2q_8  or  Cinnamene  Series. 
The  following  members  of  this  series  hare  been  obtaiaed  : 

B.P.»C«t. 
C,H       Phenylethvlene  or  Cinnamene  CH.C.H. 

CH. 

^a-Phenylpropylene  or  Methjlphenjl-     CH.C,H, 

ethylene  ||  about  165^ 


C.H„ 


C.H. 


CH.CH, 

I  /3-Phenylpropylene,  Beniylethylene,  or    CH.CH,.C,H, 

al^ylbenzene  ||  about  155^ 

CH. 

o-Phenylbutylene    or     Ethylpbenyl-     CH.C.H, 

ethylene  ||  180^ 

CH.C,H, 

/3-Phenylbutylene     or     Phenethyl-     CH(CH,.CH,.C,H,) 

ethylene  ||  176^-178*' 

CH. 

Naphthalene  tetrahydride  —  205® 


(1357)  Cinnamene  or  Phentlethylene.  Cinnamol ;  Styro- 
lene  or  Siyrol:  CgHg  or  HjCzZCH.CgHg.  —  This  hydrocarbon 
exists  in  small  quantity  ready  formed  in  Uguid  atorax,  a  soft  viscid 
resin  obtained  from  the  Liquidambar  orientalU,  a  tree  resembling 
a  plane^  which  grows  in  the  south-western  part  of  Asia  Minor 
(Hanbury  and  Fliickiger).  It  is  extracted  by  distilling  the  resin 
with  water  containing  sodic  carbonate  to  retain  cinnamic  acid^  when 
it  passes  oyer  with  the  steam^  and  floats  as  an  oil  on  the  surface 
of  the  water  in  the  receiver.  It  is  produced  synthetically  when 
a  mixture  of  benzene  vapour  and  ethylene  is  passed  through  a  red- 
hot  tube,  hydrogen  being  eliminated:  CgHg+CjH^=CgHg-|-Hg. 
Benzene  and  acetylene  under  similar  circumstances  combine 
directly  :  CgHg  +  C^H2=CgHg ;  and  acetylene  alone,  when  strongly 
heated,  yields  the  same  hydrocarbon:  4C2Hj,=CgHg  (Berthelot). 
A  fourth  method  of  formation  is  to  heat  the  vapour  of  ethyl- 
benzene  to  redness:  CgHio=CgHg  +  Hg. 

Cinnamene  may  be  prepared  from  cinnamic  acid  by  dis- 
tilling it  slowly,  or  by  distilling  an  intimate  mixture  of  one  part 
of  the  acid  with  four  of  baric  oxide,  the  reaction  being  similar 
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to  that  which  occurs  when  benzoic   acid  is  distilled  with  excess 
of  Jime : 

CgHy.COOH  +  BaO  =  CgHg  +   BaCO,. 

Clnnamte  add.  dnnunene. 

The  monobromethylbenzene,  CgH5.CHBr.CH3,  produced  by 
the  action  of  bromine  on  heated  ethylbenzene,  readily  splits  up 
into  cinnamene  and  hydrobromic  acid  (Radziszevrski,  Deut.  chem. 
Ges.  Ber.f  vi.  49:2)  •  The  best  method  of  effecting  this  decompo- 
sition is  to  heat  the  bromide  with  an  alcoholic  solution  of 
potassic  hydrate  to  180^  [35^^  P-)*  ^^  ^^  instance  metacinna- 
mene  is  produced^  which  may  be  converted  into  cinnamene  by 
distillation. 

Cinnamene  is  a  colourless  mobile  liquid^  of  high  refractive 
power  and  pleasant  aromatic  odour,  which  boils  at  146^  (294^8  F.), 
and  does  not  solidify  at  —  ao®  (-"4^  ^O*  During  distillation, 
however,  the  liquid  in  the  retort  is  apt  to  rise  suddenly  in  tem- 
perature, and  to  be  converted  into  metacinnamene.  According 
to  Berthelot  (Compt,  Rend,,  liiii.  518),  the  cinnamene  prepared 
from  cinnamic  acid  is  not  identical  with  that  existing  in  storax ; 
the  former  being  optically  inactive,  whilst  the  latter  turns  the 
plane  of  polarization  to  the  left  Van  t'  Hoff  has  shown,  how- 
ever {Deui.  chem.  Ges.  Ber.,  ix.  5),  that  the  two  products  are 
identical,  and  that  the  optical  activity  of  the  latter  is  due  to  the 
presence  of  a  small  quantity  of  another  substance. 

Cinnamene,  like  the  defines,  combines  readily  with  a  mole- 
cale  of  chlorine,  bromine,  or  iodine.  Cinnamene  dibromide, 
C^HgBr^  which  is  most  conveniently  prepared  by  adding  bromine 
to  a  solution  of  the  hydrocarbon  in  chloroform,  is  identical  with 
the  dibromethylbenzene  obtained  by  the  action  of  bromine  on 
ethylbenzene  (1339).  By  heating  alone,  or  with  an  alcoholic 
solution  of  potassic  hydrate,  cinnamene  dichloride  and  di  bromide 
are  converted  into  Morocinnamene,  C^Hg.CHziCHCl,  and  bro/no- 
cinnamene,*  C^Hj.CHZZCHBr,  respectively:  they  are  colourless 
heavy  liquids,  which  undergo  decomposition  when  distilled,  and 
their  vapour  exerts  an  irritating  action  upon  the  eyes.  By 
heating  the  phenyldichloro-  and  phenyldibromopropionic  acids, 
and  phenylchloro-  and  phenylbromolactic  acids  with  ,  water, 
isomeric  chloro-  and  bromocinnamenes,  C^Hg.CClZlCHj  and 
C^Hg.CfirZlCH,  are  obtained  :  these  are  colourless  oils,  having  a 


*  According  to  Radztszewski  {Deut.  chem.  Gee.  Ber.,  vi.  492),  the  isomeric 
compound,  C^H^.CBr~CH,,  u  obtained  when  cinnamene  dibromide  is  decomposed 
hj  heating  with  water  in  sealed  tabes  at  190''  (374^  F.).  ^  . 
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pleasant  hyacinth  odour^  which  boil  without  decomposition  at 
199^  (390°-a  F.)  and  228°  (443°*4  F.)  respectively  (Glaser,  Ann. 
Chem.  Pharm.,  cliv.  1641). 

When  cinnamene  is  gradually  added  to  fuming  nitric  acid, 
the  greater  part  becomes  resinified^  but  a  portion  is  converted 
into  nitrocinnamene,  CgH^.NO^;  it  crystallizes  in  large  prisms, 
having  a  pungent  aromatic  odour. 

Cinnamene  is  readily  converted  by  oxidation  into  benzoic 
acid. 

(1358)  Metacinnamene  :  (C^Hg)^. — CinnAroene  is  dowly  converted  into 
this  body  at  the  ordinary  temperature,  and  is  rapidly  polymerized  when  heated 
iu  sealed  tubes  to  200°  (392°  P.).  Metacinnamene  is  an  amorphous,  colourless 
solid  of  high  refracting  power,  and  is  destitute  of  smell  and  taste.  It  is  quite 
transparent,  and  softens  on  the  application  of  heat,  when  it  may  be  drawn  out 
into  threads ;  on  distillation,  it  is  reconFerted  into  cinnamene.  It  is  insoluble  in 
water  and  in  alcohol,  and  is  but  Yery  sparingly  soluble  in  ether ;  it  yields  benzoic 
acid  on  oxidation. 

(1359)  a-PHBNTLFBOFYLENB  :      C^H,.HClZCH.CH,  ;     MeTHTLPHENYL- 

ETHYLBN£. — This  hydrocarbon  is  obtained  in  small  quantity  together  with  phenyl- 
propylic  alcohol  by  the  action  of  sodium  amalgam  on  a  warm  aqueous  solution  of 
cinnamic  or  styrylic  alcohol,  C^H,.HCzzCH.CH,  OH  (Fittig,  Deut.  chem,  Qet. 
Ber,,  vi.  214).  It  is  more  readily  prepared  by  submitting  propylbenzene 
heated  to  about  150^  (302^  F.)  to  the  action  of  a  molecule  of  bromine,  and  db- 
tilling  the  product  (Badziszewski,  ibid,  viL  140;  ix.  260): 

C,H,.CHBr.CH^CH,   =   C,H,.HClZCH.CH,   +   HBr. 
Bromopropylbenzene.  Phenjlpropyleiie. 

It  is  a  colourless  liquid  boiling  at  about  165°  (329^  F.);  it  combines  direciiy 
with  a  molecule  of  bromine  to  form  the  compound,  C^H^^Br,,  which  crystallizes 
in  colourless  plates,  melting  at  66°'5  (i5i°'7  F.)  (Riigheimer,  uinw.  Chem, 
Pharm,,  clxxii.  129). 

PhenylckloropropyleTie ;  Cinnamic  chloride:  C^H,.HClzCH.CH,Cl,  pre- 
pared by  treating  cinnamic  alcohol  with  dry  hydrochloric  acid,  is  a  heavy 
oily  liquid,  which  cannot  be  distilled  without  decomposition.  Phenyliodo' 
propylene,  or  cinnamic  iodide,  C^H,I>  prepared  by  the  action  of  phosphorus 
iodide  on  the  eame  alcohol,  closely  resembles  the  chloride.  Phenylcyanopro' 
pylene^  cinnamic  or  styrylic  cyanide,  C^H^.CN,  is  produced  by  heating  the 
iodide  at  100°  (212°  F.)  with  an  alcoholic  solution  of  potassie  cyanide.  It  is  a 
yellowish  oil,  which  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  bat 
readily  so  in  ether  (Ramdohr,  2jeiU,  Pharm^  1858,  113). 

(1360)  /S-Phenylpbopyleke  or  Allylbbnzbnb  :  C^H^.CH^CHlzCH^ — 
The  attempts  to  prepare  this  hydrocarbon  from  bromobenzene  and  allylic  bromide 
by  the  action  of  sodium  have  been  unsuccessful  Chojnacki,  however,  states 
(Cempt.  Send.,  Ixxvi.  14 13)  that  a  small  quantity  of  allylbenzene,  boiling  at 
about  155^  (311°  F),  is  formed,  when  a  mixture  of  benzene  and  allylic  iodide 
is  heated  with  zinc  powder. 

(1361)  o-Phenylbutylenb  :  C,Hg.HCzzCH.C,H, ;  EthyIphekyl- 
ETHYLENE. — This  hydrocarbon  is  obtained  by  distilling  the  bromo-derivative 
formed  by  the  action  of  bromine  on  boiling  a-butylbenzene  :* 


*  a-Batylbenzene  is   obtained  by  the   action  of  sodium  on  a  mixture  of 
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C.H,.CHBr.CH,.CH,.CH,   =  HBr   +   C.H,.CHlzCH.CH,.CH,. 
Bromo-a-lmtTlbeiizene.  a-Phenylbatylene. 

It  boila  at  186®  (366*'-8  P.),  and  furniahes  a  crystalline  dibromide,  Oj^Hj^Br,, 
which  melts  at  70*— 71°  (158''— 159°'8  F.)  (Eadzlszewski,  DeuL  chem.  Ges 
-Bw.,  ix.  260). 

(1362)  /S-Phbktlbuttlbne  :  H,Cz:CH(CH,.CH,.C.HJ ;  Phbnethyl- 
XTHYLEKE,  is  formed  along  with  diallyl  and  dibenzyl,  when  a  mixtare  of 
benzylio  chloride  and  allylic  iodide  in  ethereal  solution  is  digested  with  sodium 
(Aronheim,  loc,  ciL,  v.  1068)  : 

C.H,.CH,C1  +  CH  LCHziCH,  +  2Na  ='C,H,.CH,.CH,.CHizCH,  +  Nal  +  Naa 

Benzylic  chloride.        AlIjUc  iodide.  ^-Pbenylbatylene. 

It  is  a  oolonrleHS  liquid  boiling  at  about  177°  (35o*"6  P.);  it  forms  an  oily 
oompound,  Cj^Hj,Br,,  when  treated  with  bromine. 

Naphthalene  tetrahydride :  Oj^H^,. — This  compound  is  produced  by  heating 
naphthalene,  C^^H,,  (10  grm&)  with  amorphous  phosphorus  (3  grms.)  and 
hydriodic  acid  (9  grms.  of  a  solution  boiling  at  127^  C.)  in  Healed  tubes  for 
6 — 8  hours  at  220° — 250°  (428°— 482°  P.).  It  is  a  liquid  of  peculiar  odour, 
which  boils  at  205^  (401^  P.).  On  passing  its  vapour  through  a  red-hot  tube, 
it  is  resolved  into  naphthalene  and  hydrogen ;  on  treatment  with  oxidizing  agents 
it  in  converted  into  phthaiic  acid  far  more  readily  than  naphthalene.  It  is 
converted  by  concentrated  sulphuric  acid  into  a  sulphonic  acid,  Cj^Hjj.SO,H,  and 
bromine  also  forms  with  it  substitution  derivatives,  which  readily  decompose  on 
distillation  (Gra&be,  ibid,  v.  678).  Naphthalene  tetrachloride,  Cj^H^Cl^,  and  the 
chloronaphthalnne  tetzachlprides  may  be  regarded  as  substitution  derivatives  of 
this  hydrocarbon. 


§  VII.  Hydrocarbons  of   the  C^Hgn^io  or  Acetenylbbnzene 

Series. 

(1363)  Acetenylbenzene  or  Phenylacetylenb  :  CgH^  or 
CgHj.C^CH,  which  is  the  only  member  of  the  series  at  present 
known,  may  be  produced  by  heating  cinnamene  dibromide,  or 
the  bromocinnamene  prepared  from  it,  with  an  alcoholic  solution 
of  potassic  hydrate  to  120°  (248°  F.)  (Glaser,  Ann.  Chem.  Pharm., 
elir.  137)  (see  footnote,  p.  369) : 

U^Hg.HCZlCHBr   +    KHO   =   CeH^.C^CH  +  KBr  +  OH^; 

Bromocixnuunene.  AceteDjlbenztme. 

or  by  passing  it  over  lime  at  a  low  red  heat  (Badziszewski,  Deut. 
chem.  Ges.  Ber.^  vii.  140).  The  isomeric  bromocinnamene  does 
not  furnish  acetenylbenzene  when  similarly  treated,  but  by  dis- 
solving it  in  ether,   adding  sodium,  and  passing   a  current  of 


benzylic  chloride  and  propylic  bromide  without  the  addition  of  ether ;  it  boils  at 
180^  (356*^  F.)  (Badziiizewski).  ^-But^lbenzene,  according  to  the  same 
obberver,  boils  at  170°— 172°  (338°— 34i°-6  h\)  (com^^iae  1302). 

Digitized  by  VjOOQ IC 


344  PHENYLACETYLENE.  [^3^3' 

carbonie  anhydride  into  the  solution,  the  sodic  salt  of  phenyl- 
propiolic  acid  is  obtained,  and  on  heating  this  acid  with  water  to 
1 20®  (248°  F.)  it  splits  up  into  acetenylbenzene  and  carbonic 
anhydride  (Glaser).  It  appears  probable  that  utider  the  conjoint 
influence  of  the  sodium  and  carbonic  anhydride  the  bromo- 
cinnamene  is  resolved  into  hydrobromic  acid  and  acetenylbenzene, 
the  latter  at  once  undergoing  conversion  into  sodic  propiolate ; 
thus: 
aC^Hg.CBrlzCH,  +.aNa  =  aC^H^.C—CH  +  aNaBr   +   H, 

Bromociiiiuanene.  Acetenylbenzene. 

2C,Hj.C=CH  +   aNa  =  aC,H5.C=CNa  +  H, 

Acetenjlbenzene.  Sodinm  acetenylbenzene. 

CjH5.C=CN»  +  CO,  =  C,H5.C=C.C00Na. 

Sodhim  aoMeDjlbeiuenc.  8odl«  ptofMate. 

CjHj.C=C.COOH  =  C,Hj.C=CH   +  CO, 

Propiollo  add.  Aoetenjlbeniene. 

Acetenylbenzene  is  most  readily  obtained  from  propiolic  acid  by 
distilling  its  baric  salt  mixed  with  sand. 

According  to  Friedel  (Compt.  Rend,,  Ixvii.  1192),  pfaenyl- 
acetylene  is  also  obtained  when  the  phenyldichlorethane  formed 
by  the  action  of  phosphoric  pentachloride  on  methylphenylketone 
is  heated  with  an  alcoholic  solution  of  potassic  hydrate"^  to  120*^ 
(248^  P.)  : 

CgH5.CO.CH3  +  PCI,  =  CgH5.CCl3.CH3  +   POCI3. 

Methylphenylketone.  Phenyldichlorethane. 

C,H,.CC1,.CH,  +  aKHO  =  C,Hj.C=CH   +  atCl  +  aOH,. 

Phenyldichlorethane.  Acetenylbenzene. 

Acetenylbenzene  is  a  colourless  liquid  of  peculiar  aromatic 
odour  and  high  refractive  power,  which  boils  at  140°  (284  P.). 
It  not  only  bears  the  same  relation  in  composition  to  acetylene 
that  cinnamene  bears  to  ethylene,  but  like  the  former  possesses 
the  property  of  yielding  precipitates  with  certain  metallic  solu- 
tions. Thus,  with  an  ammoniacal  solution  of  cuprous  chloride, 
it  gives  a  yellow  precipitate  of  the  composition  (CgHJ^Cu^  and 


♦  According  to  Glaser,  neither  chlorocinnamene,  C^H^.CClZlCH,,  nor  the 
corresponding  bromocinnamene  is  decomposed  by  an  alcoholic  solution  of  potassic 
hydrate  even  at  200^  (39^°  ^•):  although  they  are  partially  resinified,  no 
potassic  chloride  or  bromide  is  separated.  This  result,  therefore,  appears  some- 
what remarkable,  since  the  chlorocinnamene  which  is  the  first  product  of  the 
action  of  potassic  hydrate  on  phenyldichlorethane,  doubtless  has  the  formula 
C^H^CClZlX'H,  (compare  p.  369  and  Bngler,  Deut,  chmn.  Ow^er,,  viiL  397). 
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with  the  corresponding  silver  solntion  a  light  gray  compound 
{CQil^Ag)^.Agfi.  The  sodium  derivative,  CgHgNa,  is  formed  on 
adding  sodium  to  an  ethereal  solution  of  the  hydrocarbon,  hydro- 
gen being  simultaneously  evolved :  it  is  a  white  powder  which 
absorbs  oxygen  rapidly  when  exposed  to  the  air,  becoming  red-hot, 
and  leaving  a  residue  of  carbon  and  sodic  carbonate ;  it  readily 
absorbs  carbonic  anhydride,  forming  sodic  propiolate.  When 
the  cuprous  derivative  of  phenylacetylene  is  agitated  with  an 
alcoholic  solution  of  ammonia  in  presence  of  air^  it  is  converted 
into  diphenyldiacetylene : 

C,H,.C=C )  C,H,.C=C 

J  Cn,  +  O  =  I    +  Cu,0. 

C,H,.C=C )  C,H,.C=C 

CnproQB  derivative  <tf  phenylMefyleiie.  Diphenyldiaoetjlcne. 


§  VIII.  Hydrocarbons  of  the  Ci^Hj^.^  or  Naphthalene  Series. 

This  series  includes  four  hydrocarbons^  but  only  one  of  them 
is  of  importance : 


B-P.^Cent, 

Naphthalene    .... 

^^lO^S 

ai8° 

Methylnaphthalene     .     • 

CjoHy-CHj 

232° 

Ethylnaphthalene .     •     . 

CloHy-CgHg 

250^ 

Anthracene  hexahydride  . 

Cu^ie 

390^ 

(1364)  Naphthalene:  Cj^HaSsiaS. — This  hydrocarbon  is  a 
constituent  of  the  principal  varieties  of  tar^  but  is  most  abundant  in 
coal  tar,  particularly  in  that  obtained  from  the  London  gasworks, 
where  it  frequently  causes  considerable  inconvenience  by  partially 
stopping  up  the  large  cast-iron  pipes  used  to  convey  the  gas  to 
different  districts.  It  is  thus  frequently  obtained  in  large  colour- 
less plates,  which  are  nearly  pure,  or  it  may  be  obtained  from 
the  portion  of  the  distillate  from  coal  tar  boiling  at  about  200^ 
which  becomes  semi-solid  on  cooling,  by  pressing  out  the  liquid 
portion  and  submitting  the  crystals  to  sublimation  or  crystalliza- 
tion from  alcohol.  In  order  to  obtain  it  quite  pure,  however,  it 
is  necessary  to  heat  it  strongly  with  a  small  quantity  of  sulphuric 
acid,  wash  thoroughly,  and  then  sublime  it.  Naphthalene  is  also 
produced  by  the  decomposition  at  a  red  heat  of  benzene,  toluene, 
cymene,  and  many  other  oi^nic  substances;  and  also  when  a 
mixture  of  ethylene  with  the  vapour  of  cinnamene,  anthracene,  or 
chrysene  is  passed  through  a  red-hot  tube.     jS-PhenyibiLtylene  di- 
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bromide  when  passed  over  lime  heated  to  low  redness  is  almost 
entirely  converted  into  naphthalene  (Aronheim)  in  the  manner 
represented  by  the  equation  : 

CioHigBr,   +   CaO  =  C^^U^  +   CaBr^  -h   H,   -h  OHj. 

According  to  Badziszewski^  a-phenylbutylene  dibromide  (1361) 
also  furnishes  naphthalene  when  similarly  treated. 

Naphthalene  crystallizes  in  brilliant  colourless  rhombic  plates, 
which  feel  imctuous  to  the  touchy  and  have  a  pearly  lustre.  Its 
density  is  1*15 17  at  15°  (59®  F.)  :  it  melts  at  79°  (i74°*2  F.)  and 
boik  at  ill 8°  (424°'4  F.).  The  odour  of  this  hydrocarbon  is 
peculiar^  and  its  taste  biting  and  somewhat  aromatic.  It 
gradually  sublimes  at  the  ordinary  temperature^  and  rapidly 
passes  over  with  the  vapour  of  water.  Naphthalene  burns  with  a 
white  smoky  flame,  although  it  is  not  readily  kindled.  It  is 
insoluble  in  water,  but  is  easily  soluble  in  alcohol,  ether, 
benzene,  oil  of  turpentine,  glacial  acetic  acid,  and  the  fixed  oils. 
Melted  naphthalene  absorbs  air  copiously,  and  gives  it  off  again 
on  solidification.  It  dissolves  iodine,  sulphur,  phosphorus,  and 
the  sulphides  of  arsenic,  antimony,  and  tin,  as  well  as  mercuric 
iodide,  indigo,  oxalic,  succinic,  and  benzoic  acids.  Naphthalene 
combines  with  trinitrophenol  or  picric  acid,  forming  the  com- 
pound CjQH8  +  CgH2(N03)3.0H.  This  compound  may  readily  be 
prepared  by  mixing  hot  alcoholic  solutions  of  trinitrophenol  and 
the  hydrocarbon,  and  may  be  recrystallized  from  alcohol  or  from 
benzene,  but  is  slowly  decomposed  by  boiling  water,  and  rapidly 
by  alkaline  solutions ;  it  crystallizes  in  stellate  groups  of  yellow 
needles,  which  melt  at  149°  (300^*2  F.).  Naphthalene  is  the 
only  solid  hydrocarbon  whose  cold  saturated  alcoholic  solution  is 
precipitated  by  trinitrophenol. 

By  oxidation  with  potassic  permanganate,  naphthalene  is  con- 
verted into  phthalic  acid,  C^H^  (COOH)^;  but  by  the  action  of 
chromic  acid  on  naphthalene  dissolved  in  glacial  acetic  acid, 
naphthaquinone,  CjqH^Ojj,  is  produced  (Groves,  Joum.  Chem.  SoCj 
XX vi.  309). 

(1365)  Constitution  of  Naphthalene. — In  its  general  chemical 
behaviour  naphthalene  very  closely  resembles  benzene,  and  it 
will  be  seen  on  reference  to  the  following  figures  that  the 
method  usually  adopted  for  representing  these  hydrocarbons 
graphically,  indicates  a  close  relationship  between  them  : 
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f 

^     ? 

H-C             C-H 

c 

H-C             C              C-H 
H-C              C .         ,  C-H 

1                      1 

1 
H 

Beniene. 

1                     1 

H             H 

This  symbol  for  naphthalene  was  suggested  bj  Erlenmeyer  in 
1 868  {Ann.  Chem,  Pharm.,  exxxvii.  346),  but  the  proof  that  naph- 
thalene may  really  be  regarded  as  composed  of  two  benzene-nuclei 
having  two  atoms  of  carbon  in  common^  was  first  given  by 
Graebe  in  1869  (ibid,  cxlix.  20).  In  the  conversion  of  naphtha- 
lene into  phthalic  acid^  only  one  of  the  benzene  nuclei  undergoes 
oxidation^  but  Grsebe  showed  that  either  may  be  oxidized  and 
phthalic  acid  obtained.  Thus  he  found  that  dichloronaphtha- 
quinone  furnishes  j^A/Aa/tc  acid  on  oxidation^  which  is  a  proof  that 
the  two  chlorine  atoms  and  the  two  oxygen  atoms  are  contained 
in  the  same  nucleus^  the  nucleus  containing  them  being  destroyed 
by  oxidation : 

HC  C      0     Ca  HC  CCOOH 

I  11       I       I    +aOH,4.aO,  =    |  j|  +  2CO,  +  aHa 

HC  CO     CCl  HC  CCOOH 

H  H 

Dtehloranaphthaqiiinone.  Phthalic  add. 

"When,  however,  dichloronaphthaquinone  is  treated  with  phos- 
phoric pentachloride,  pentachloronaphthalene  is  produced;  the 
two  oxygen  atoms  being  displaced  by  two  chlorine  atoms,  whilst 
an  atom  of  hydrogen  in  the  second  nucleus  is  also  displaced  by 
chlorine.  On  oxidizing  this  compound,  teirctchlorophthalic  acid 
is  obtained,  the  nucleus  which  had  undergone  oxidation  in  the 
reaction  previously  mentioned,  remaining  intact  in  the  second 
case,  as  shown  in  the  accompanying  graphic  formuke  :* 


*  It  is  perhaps  scarcely  necesBary  to  point  out  that  in  representing  naphtha- 
lene graphically  we  are  entirely  dependent  upon  the  kind  of  symbol  wu  aosij^u  to 
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a        a  a 

He        c         cci  Hooco        ca 

I         II  I    +0H,+40,  =        I         II   +  2C0,  +  na  +  OH,. 

HO        c         CCI  Hoocc        ca 

\/\y  \/ 

Ha  a 

Pentachloranaplifhalene.  Tetrsohloxophttialic  add. 

{1366)  Isomeric  substitution  derivatives  of  Naphthalene. — 
Although  benzene  cannot  yield  isomeric  mono-substitution  deri- 
vatives, it  will  be  evident  on  reference  to  the  following  figure 
that  naphthalene  can  furnish  two  isomeric  mono-substitution  de- 
rivatives : 

H.        H. 


HpC  C  CH(, 

H.         H. 

It  will  be  seen  that  each  of  the  four  carbon  atoms  to  which  the 
four  hydrogen  atoms  marked  a  are  attached,  is  similarly  re- 
lated to  the  other  nine  carbon  atoms,  and  the  same  is  the  case 
with  the  four  marked  /3 ;  the  relation  which  the  four  marked  a 
bear  to  the  other  carbon  atoms  is  diflPerent,  however,  from  that 
of  the  four  marked  /3.  It  may  be  supposed,  therefore,  that 
isomeric  derivatives  may  be  formed,  according  as  an  atom  of 
hydrogen  attached  to  a  carbon  atom  marked  a,  or  to  one  marked 
/3,  is  displaced.  These  two  classes  of  isomeric  mono-substitu- 
tion derivatives  of  naphthalene  are,  for  the  sake  of  convenience, 
distinguished  as  a  and  /3  derivatives. 

The  action  of  the  halogens  and  of  nitric  acid  upon  naphtha- 
lene appears  to  give  rise  to  the  formation  of  but  a  single  mono- 
derivative,  whilst  by  the  action  of  sulphuric  acid,  a  mixture  of 
two  isomeric  naphthalene-or  and  '^-stdphonic  acids,  Cj^jH^.SOjH, 
is  produced. 

benzene,  and  that  the  objections  nrged  against  Eeknl^'s  benzene  symbol  apply 
equally  to  Erlenmeyer's  naphthalene  symbol ;  as  in  the  case  of  benzene,  however, 
no  more  appropriate  symbol  has  as  yet  been  snggebted.  ^^  , 
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Although  our  knowledge  of  the  naphthalene  derivatives  is  as 
yet  extremely  imperfect^  very  few  attempts  having  been  made  to 
establish  the  nature  of  the  relationship  which  exists  between 
them,  a  number  of  data  are  at  our  disposal  which  enable  us  to 
infer  with  much  probability  the  constitution  of  the  mono-,  and 
even  o{  some  of  the  higher  derivatives  of  naphthalene.  Thus  by 
the  action  of  nitric  acid^  naphthalene  is  converted  into  niironaph' 
thalene^  C^qH^.NO,,  which  famishes  atnidonaphthalene  or  naph- 
thylamine,  CjqH7.NH3,  on  reduction ;  by  converting  the  latter 
intQ  t^etamidonaphthalene  or  acenaphthalide,  C^Qji^.lfll{C^Hfi)j 
and  submitting  this  to  the  action  of  nitric  acidj  a  mixture  of  iso- 
meric mono-nitro-derivatives  is  obtained.  The  main  product  is 
converted^  by  boiling  for  a  short  time  with  an  alcoholic  solution 
of  potassic  hydrate^  into  an  amidonitronaphthaleneyC^QH^JNO^.iiR^ 
which  melts  at  191°  (375°'8  P.),  whilst  the  accessory  product 
yields  an  isomeric  substance  which  melts  at  about  159°  (31 8°* 2  P.). 
By  displacing  the  NHg  group  by  hyclrogen  in  the  amidonitro- 
naphthalene  melting  at  191^^  a  nitronaphthalene  is  obtained  iden- 
tical with  that  directly  prepared  from  naphthalene ;  it  is  thus 
proved  that^  whatever  the  position  of  the  NO^  group  in  nitro- 
naphthalene and  consequently  of  the  NH^  group  in  amidonaph- 
thalene,  the  NO^  group  in  amidonitronaphthalene  has  a  similar 
position  relatively  to  the  two  carbon  atoms  common  to  the  two 
benzene  nuclei. 

By  reducing  the  amidonitronaphthalene  melting  at  191^^  a 
diaipidonaphthalene  is  obtained  which  furnishes  almost  the  theo- 
retical amount  of  naphthaquinone  on  oxidation^  and  this  naph- 
thaquinone  is  found  to  yield  phthalic  add  on  ftirther  oxidation 
with  nitric  acid  (Liebermann,  Dettt.  chem.  Ges.  Ber.,  vi.  945 ;  vii. 
240  ;  viii.  689 ;  ix.  333).  These  observations  show  that  the  two  oxy- 
gen atoms  in  naphthaquinone^  and  consequently  the  NH^  group 
in  diamidonaphthalene^  and  the  NH,  and  NOjj  groups  in  the  ami- 
donitronaphthalene melting  at  191^^  are  in  the  same  benzene 
nuckus. 

It  is  known  that  in  ordinary  quinone^  C^H^Oj,  the  oxygen 
atoms  are  relatively  in  the  para  or  i  :  4  position^  and  although  ii 
is  not  absolutely  proved,  there  is  the  very  greatest  probability 
that  they  are  similarly  placed  in  naphthaquinone  {see  Quinones) ; 
if,  however,  it  be  admitted  that  such  is  the  case,  these  results 
show  that,  in  amidonaphthalene,  the  NH,  group  displaces  a 
hydrogen  atom  attached  to  one  of  the  carbon  atoms  marked  a 
in  the  above  figure,  because  it  is  only  when  it  is  in  that  position 
that  a  second  radicle  can  be  introduced  so  as  to  occupy  the 
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para-position  relatively  to   it.     This  will    doubtless    be    better 
understood  on  reference  to  the  following  figures  :* 


O— 

opAmidonaphthalene.  a-Nitro-a-amldonaphthalene.  Naphthaqoioone. 

The  constitution  of  many  other  mono-derivatives  of  naph- 
thalene may  be  traced  in  a  similar  manner.  Thus  by  digesting 
the  amidonitronaphthalene  melting  at  191°  above  mentioned  with 
sodic  hydrate  solution,  the  amido-group  is  displaced  by  OH  and 
a  mononitronaphioly  C^QHg.NOg.OH,  is  obtained ;  on  nitration, 
this  latter  is  converted  into  a  dinitronaphtol  identical  with  that 
formed  by  nitrating  the  so-called  a-naphtol,  CjqH^.OH.  It  there- 
fore follows  that  a-naphtol  is  really  a  member  of  the  a  series  of 
mono-derivatives  of  naphthalene  ,-  and  since  it  is  obtained  by  dis- 
placing the  SOgH  group  in  the  so-called  a-naphthalenesulphonie 
acid  by  OH,  it  also  follows  that  this  sulpho-acid  is  an  a  derivative. 
The  isomeric  so-called  )3-sulphonic  acid,  and  the  naphtol  and 
other  compounds  formed  from  it  by  simply  displacing  the  SO3H 
group  are  consequently  members  of  the  )3  series  of  isomeric 
mono-derivatives  of  naphthalene.  By  displacing  the  SO3H 
group  in  naphthalene-«r-sulphonic  acid  by  chlorine,  by  the  action 
of  phosphoric  pentachloride,  a  chloronaphthalene  identical  with 
that  obtained  by  chlorinating  naphthalene  is  produced  :  ordinary 
chloronaphthalene  is  therefore  an  a-derivative  of  naphtbalene.t 


*  We  may  conTeniently  represent  naphthalene  by  two  hexagons  joined 
together  and  having,  therefore,  one  side  in  common,  jast  as  we  represent  benzene 
by  a  single  hexagon. 

t  These  conclusions  derive  very  considerable  support  from  the  circumstance 
that  if  they  are  correct,  the  behaviour  of  naphthalene  is  precisely  analogous  to 
that  of  benzene  under  similar  circumstances.  Thus  it  has  been  pointed  out 
that  by  the  action  of  various  reagents  on  a  large  number  of  mono-substitution 
derivatives  of  benzene,  m'tho  and  para  di-derivatives  are  produced  to  the  almost 
complete  exclusion  of  meta  derivatives.  It  will  be  seen  on  reference  to  the 
figure  on  p.  348  that  each  of  the  hydrogen  atoms  in  naphthalene  maiked  /3  is  in 
the  meta  position  relatively  to  one  of  the  two  central  carbon  atoms  common  to  the 
two  nuclei.  The  formation  of  a-derivatives  from  naphthalene  by  the  action  of 
the  halogens,  nitric  acid  and  sulphuric  acid  therefore  is  in  harmony  with  the 
results  observed  in  the  benzene  series,  since  each  of  the  hydrogen  atoms  marked 
a  is  in  the  ortho  position  relatively  to  one  or  the  other  of  the  two  central  carbon 
atoms.  The  behaviour  of  the  mono-derivatives  of  naphthalene  appears  more- 
over closely  to  resemble  that  of  the  corresponding  derivatives  of  benzene.     Thos 
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(1367)  Action  of  Chlorine  on  Naphthalene. — Naphthalene  is  far  more 
readily  acted  upon  by  chlorine  and  bromine  than  is  benzene;  in  the  first  instance 
additive  oompounds  are  produced,  which  by  the  loss  of  haloid  acid  are  converted 
into  haloid  substitution  derivatives  of  naphthalene;  in  fact,  it  appears  that  in  all 
cases  the  formation  of  the  latter  is  preceded  by  that  of  the  former,  and  that 
haloid  substitution  derivatives  cannot  be  formed  by  the  direct  displacement  of 
hydrogen  by  the  halogen.  Laurent  was  the  first  to  study  the  products  of  the 
action  of  chlorine  on  naphthalene ;  and  although  his  experiments  have  recently 
been  submitted  to  careful  revision  by  Faust  and  Saame  {Ann,  Chem.  Pharm., 
clz.  65),  our  knowledge  of  the  chloronaphthalenes  is  still  most  imperfect. 

Naphthalene  chlorides. — ^Chlorine  unites  directly  with  naphthalene  forming 
two  compounds :  naphthalene  dichl-oride,  C^^Hfil^,  and  naphthalene  tetror- 
chloride^  Cj^HgCl^.  The  first  of  these  is  an  oily  liquid  of  a  pale  yellow  colour 
obtained  when  chlorine  is  passed  over  naphthalene  until  it  becomes  liquid.  It 
may  be  regarded  as  a  dichloro-derivative  of  a  hydrocarbon,  C^^Hj^,  of  the 
acetenylbenzene  or  CnH^_io  series.  As  yet  it  has  not  been  obtained  in  a  pure 
state.  Naphthalene  tetrachloride  is  formed  when  chlorine  is  passed  into  pure 
fused  naphthalene  until  the  mass  becomes  semi-solid  on  cooling.  When  the  pro- 
duct is  treated  with  petroleum  naphtha  a  crystalline  residue  is  lefl  which  may  be 
readily  purified  by  crystallization  from  chloroform.  It  is  thus  obtained  in  large 
rhombic  crystals  which  melt  at  182°  (359***6  F.)  and  are  but  sparingly  soluble 
in  alcohol  or  ether  (Faust  and  Saame).  An  isomeric  modification  appears  also 
to  be  formed,  which  is  very  soluble  in  alcohol  and  still  more  so  in  ether. 

Monochloronaphthalene :  0^^,11^01. — The  a-derivative,  which  is  formed  by 
heating  naphthalene  dichloride,  O^^H^Cl^,  with  an  sJooholic  solution  of  potassic 
hydrate,  is  a  colourless  oil  of  high  refracting  power,  boiling  at  about  252° 
(485°'6  F.),  of  the  specific  gravity  of  i'5025 — 1*5028.  It  possesses  an  odour 
closely  resembling  that  of  naphthalene,  and  is  miscible  with  ether  in  all  propor- 


by  the  action  of  nitric  acid  on  acetanilide,  C^H^.NH(CjHjO),  a  mixture  of 
j9arant^oacetanilide,  which  is  the  chief  product,  and  or^Aont^roacetanilide  is 
obtained.  Similarly,  when  acenaphthalide  is  treated  with  nitric  acid,  there  is 
reason  to  believe,  as  above  pointed  out,  that  the  nitroacenaphthalide  which  is  the 
main  product  is  formed  by  the  displacement  of  a  hydrogen  atom  in  the  para" 
position  relatively  to  the  NH.C^H^O  group,  and  there  is  little  doubt  that  the 
NO,  group  in  the  accessory  product  is  in  the  or^Ao-position  relatively  to  the 
NKC^HgO  group: 

NH.C,H30        NH.C,H,0  NH.C.H.O  NH.C,H,0 

I  NO. 


.  Pannltroacei-  Orthonitrosoet-  P«ranitro^-4ioe-  Oribonitro-o-ace- 

anillde.  aailide.  naphthalide.  naphthalide. 

Also  when  acetanilide  is  submitted  to  the  action  of  bromine  it  is  converted  into 
jjaraftroflMicetanilide,  and  from  Rother's  experiments  {Deut  chem.  Ges,  Ber.,  iv. 
850)  it  appears  that  when  acenaphthalide  is  similarly  treated,  the  bromine  takes 
up  the  para-  position  relatively  to  the  NH-C^H^O  group,  since  by  displacing  the 
latter  in  the  product  by  hydrogen,  ordinary  or  a-bromonaphthalene  is  produced 
(see  also  Naphtol).  ^  . 
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tions.  On  nitration  it  is  converted  into  a  dinitro-a-chloronaplithalene  which 
melts  at  abont  105^  (221''  F.)  (Eaiist  and  Saame). 

By  the  action  of  chlorine  on  fused  nitronaphthalene,  the  additive  compound 
Cj^H,.NO,.Cl,  is  obtained  (Atterberg,  Deut  chem,  Ge»,  Ber,,  ix.  316)  ;  this  is 
decomposed  when  heated,  furnishing  a  mixture  of  chlorinated  naphthalenes 
which  appear  to  be  isomeric  with  those  formed  from  naphthalene.  The  mono- 
chloronaphthalene  produced  boils  at  about  255*^  (491^  F.)  and  has  the  specific 
gravity  1*2078;  on  nitration  it  yields  a  dinitro-derivative  which  melts  at  180** 
(356**  F.).  This  modification  is  doubtless  the  0-monochloro-derivative  of 
naphthalene.  On  distilling  nitronaphthalene  with  phosphoric  pentachloride  a 
chloronaphthalene  is  produced  which  also  is  probably  the  /3-modification  (De 
Koninck  and  Marquart,  ibid,  v.  11.     See  i3-bromonaphthalene). 

Dichlorona^hthalenes :  C^^H^Cl,. — Laurent  described  seven  modifications  of 
this  compound,  but  subsequent  investigators  have  only  succeeded  in  obtaining  two 
directly  from  naphthalene.  The  dichloronaphthalene  produced  by  the  action  of  a 
boiling  alcoholic  solution  of  potassic  hydrate  on  pure  naphthalene  tetrachloride 
forms  a  crystalline  mass,  fusing  at  36^  (96°'8  F.)  and  boiling  at  282°  (539°'6  F.). 
An  isomeric  body  which  crystallizes  in  colourless  prisms  melting  at  68° 
( 1 54^*4  F.),but  also  boils  at  282°  (539^*6  F.),  is  obtained  by  fractioning  Uie  chloro- 
naphthalenes  remiuning  in  solution  in  the  petroleum  used  to  purify  the  naphthalene 
tetrachloride  as  above  d^cribed.  The  portion  boiling  at  280" — 285**  (536** — 
545"^  F.)  partly  solidifies  on  standing,  and  the  crystals  are  purified  by  pressure  and 
crystallization  from  a  mixture  of  ether  and  alcohol.  A  third  dichloronaphthalene, 
which  melts  at  107*  (224°*6  F.),was  obtained  by  Atterberg  from  nitronaphthalene. 

Like  naphthalene  itself,  the  chloro-  and  dichloronaphthalenes  are  capable  of 
uniting  directly  with  four  atoms  of  chlorine  to  form  crystalline  compounds  which 
are  but  slightly  soluble  in  alcohol,  more  readily  in  ether.  Monockloronaph' 
thaUne  tetrachloride:  Cj^HyCl,,  melts  at  130°  (266°  F.),  and  when  boiled  with 
an  alcoholic  solution  of  potassic  hydrate,  yields  trichloronaphthalene,  C^^Hfil^ 
This  crystallizes  from  ether-alcohol  in  brilliant  prisms,  melting  at  81^ 
(i77°*8  F.)  An  isomeric  trichloronaphthalene,  melting  at  103°  (217^*4  F.)  is 
obtained  from  nitronaphthalene. 

Two  modifications  of  tetraahloranaphthalene :  C^^H^Cl^,  are  known,  one  of 
which  is  obtained  by  boiling  trichloronaphthalene  tetrachloride,  C^^H^Cl,,  with 
an  alcoholic  solution  of  potassic  hydrate.  It  forms  soft  colourless  needles, 
melting  at  130°  (266°  F.).  According  to  Atterberg,  an  isomeric  body,  melting 
at  194°  (381  ^'2  F.),  is  among  the  products  of  the  action  of  chlorine  on  nitro- 
naphthalene. 

PetUachloronaphthalene :  C^^H,C1^,  has  not  been  prepared  directly  from 
naphthalene,  but  is  produced  on  heating  dichloronaphthaquinone  with  phosphoric 
pentachloride  in  a  sealed  tube  at  200*^  (392°  F.) : 

C,„H^C1A  +   2PCI,   =   C,,H,C1,  +    2POCI,   +   Ha 

Didiloronaphthaqaisone.  FenUchloronaphthalene. 

It  forms  colourless  needles,  which  are  easily  soluble  in  ether,  and  melt  at  108^ 
(226%  F.) 

Fercklaranaphthalene :  €^^01,,  is  obtained,  according  to  Berthelot  and 
Jungfleisch  {Ann,  Chim,  Phys.  [4],  xv.  332),  by  treating  naphthalene  with 
excess  of  chlorine  in  the  presence  of  antimonic  perohloride.  It  crystallizes  from 
carbonic  bisulphide  in  brilliant  rhombic  prisms,  which  melt  at  135°  (275*^  F.), 
and  boil  at  403**  (757°'4  F.).  According  to  Faust  and  Saame,  the  end  product 
of  the  action  of  chlorine  on  the  heated  chloronaphthalenes  is  a  compound  of  the 
formula  C^HyCl^,  which  they  term  enneachlorodinaphthalene.  By  repeated 
recrystallization  from  alcohol  it  may  be  obtained  in  soft  white  needles,  melting  at 
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about  157*  (3I4'*"6  P.).  This  body  is  probably  a  kind  of  double  salt,  as  it 
were,  formed  by  the  union  of  equal  numbers  of  molecules  of  tetra-  and  penta- 
chloronaphthalene.  Several  similar  compounds  were  obtained  by  Faust  and 
Saame,  viz. :  the  compound  C^H^Cl,,  and  two  isomeric  tetracblorotribromodi- 
naphthalenes,  C^H^Cl^Br^,  these  last  being  the  products  of  the  actiou  of  bromine 
on  the  two  isomeric  dichloronaphthalenes. 

(1368)  BBOMONAPHTHALENES. — Additive  compounds  with  bromine,  corre- 
sponding to  naphthalene  dichloride,  C^^HgCl,,  and  tetrachloride,  C^^H^Cl^,  have 
not  been  isolated ;  they  appear  to  be  so  unntable  that  they  are  at  once  resolved 
into  bromo-substitution  derivatives  and  hydrobromio  acid.  The  compound 
Cj^HjBr^,  however,  is  always  the  end  product  of  the  action  of  an  excess  of 
bromine  on  naphthalene  at^  the  ordinary  atmospheric  temperature.  It  crystal- 
li2ses  in  large  rhombic  prisms,  and  on  heating  is  resolved  into  tetrabromonaph- 
thalene  and  hydrobromic  acid. 

a-Monohromonaphthaletie  :  Cj^H^Br. — ^The  action  of  bromine  on  naphthalene 
is  extremely  violent,  and  in  preparing  the  mono-bromo-derivative  it  is  therefore 
advisable  to  dissolve  the  naphthalene  in  carbonic  bisulphide  and  then  gradually 
to  add  the  calculated  amount  of  bromine.  It  is  a  colourless  liquid  boiling  at 
285**  (545**  F.),  of  the  sp.  gr.  1*555  (Glaser,  Ann.  Ckem,  Fharm.,  cxxxv.  40). 

fi-Bromonaphthalene  is  obtained  by  Griess's  reaction  from  jS-naphtbylamine ; 
it  crystallizes  in  white  plates,  which  melt  at  68**  (1 54**'4  F.).  &-chloro7mphthar 
lene^  which  is  also  crystalline,  and  melts  at  61"  (i4i*'*8  F),  is  obtained  in  a 
similar  manner  (Palm,  DeuL  chem.  Ges,  Ber,,  ix.  499).  The  substance  ob- 
tained by  Atterberg  was,  therefore,  probably  impure  /S-^hloronaphthalene. 

By  gradually  mixing  bromine  with  naphthalene  in  the  proportion  indicated 
by  the  equation :  Cj^H^  +  2^t^  —  Cj^H^Br,  +  2HBr,  and  crystallizing  the  product 
from  alcohol,  a  dibromonaphthalene  is  obtained  in  long  silky  needles,  which 
melt  at  81°  (177**8  F.) ;  a  small  quantity  of  an  isomeride  is  also  formed,  which 
melts  at  76®  (i68***8  F.)  (Glaser).  Two  other  isomeric  modifications,  melting 
respectively  at  126°  (258*-8  F.)  and  77°  (f7o'*-6  F.),  are  obtained  by  the 
action  of  bromine  on  naphthalene-a-sulphonic  acid  (Darmstadter  and  Wichel- 
ham.  Awn  Chem,  Pkarm.f  clii.  304). 

IHbromonaphthal&ne,  Cj^H^Br,,  crystallizes  in  needles  melting  at  75** 
(167**  F.)  and  teirabromanapkthalene,  C^^H^Br^,  forms  stellate  groups  of  slender 
needles.     A  pentabromonaphihalene,  C^^U^Br^,  is  also  known. 

Besides  these  chlorine  and  bromine  derivatives,  many  compounds  are 
known,  containing  both  bromine  and  chlorine,  but  our  knowledge  of  the  methods 
of  preparing  them  in  a  pure  state,  and  of  their  properties,  is  very  imperfect. 

(1369)  Moniodonaphtkalene,  C^^H^I,  is  a  colourless  liquid  formed  by  the 
action  of  excess  of  iodine  on  mercuric  naphthalide,  C^^Hj^Hg,  or  {C^^U^^Ug. 

(1370)  NiTEOKAPHTHALBNES. — Naphthalene  readily  furnishes  nitro-deriva- 
tives.  These  compounds  have  recently  been  very  carefully  studied  by  De  Aguiar 
{Deut.  chem,  Oes.  Ber.,  v.  370,  897). 

a'Mononiirimaphthalene :  CjqH,(NO,),  is  formed  by  the  action  of  nitric 
acid  on  naphthalene  in  the  cold,  but  may  be  prepared  more  conveniently  by  dis* 
solving  naphthalene  in  glacial  acetic  acid,  then  adding  ordinary  concentrated 
nitric  acid  and  boiling  for  half  an  hour  (Aguiar).  The  crystals  which  separate 
on  cooling,  may  be  rendered  quite  pure  by  recrystallization  from  alcohol.  It 
forms  pale  yellow  needles  which  melt  at  61°  (i69°'2  F.),  and  are  easily  soluble 
in  carbonic  bisulphide. 

On  boiling  naphthalene  with  fuming  nitric  acid  for  some  hours,  and  allowing 
the  solution  to  oool,  a  crystalline  mass  is  obtained,  consisting  of  a  mixture  of 
about  equal  quantities  of  a-  and  /3-dinitronaphthalene.     This,  when  treated  suo- 

3  A  A 
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oessively  with  Bmall  quantities  of  glacial  acetic  acid,  leaves  a-dinttranapAtkalene, 
Cj^H^(N02),,  which,  after  crjstAllization  from  a  fresh  quantity  of  tlie  acid,  forms 
hexagonal  needles,  melting  at  216°  (420^*8  F.)  The  more  soluble /3-0?«m7ro- 
naphthalene,  C^Hg(NO,),,  is  obtained  from  the  original  acetic  acid  solatioa 
by  fractional  crystallization,  in  large  rhomboidal  tables,  which  melt  at 
170^  (338°  F.).  By  converting  acenaphthalide  into  dinitroacenaphtha- 
lide,  C,^jH^(NO,)3.NH(C,HgO),  and  submitting  the  dinitronaphthylamine, 
C,,H^(NO,),.NH,,  obtained  from  the  latter,  to  the  action  of  ethylic  nitrite,  a  third 
dinitronaphthalene  is  obtained,  which  crystallizes  from  alcohol  in  yellowish  needles, 
melting  at  144^  (29i°'2  F.)  (Liebermann  and  Hammerschlag,  ibid,  ix.  333). 

Trinitronaphtkalene :  Cj^,H^(NO,),. — On  heating  o-dinitronaphthalene  for 
some  hours  with  nitric  acid  to  about  125^  (257°  F.)  in  closed  tubes,  and  adding 
water  to  the  liquid,  a  precipitate  is  produced,  from  which  a-trinitronaphthalene 
may  be  obtained  by  fractional  crystallization  from  chloroform ;  it  forms  mono- 
clinic  crystals,  readily  soluble  in  chloroform,  alcohol,  and  acetic  acid,  which 
melt  at  122**  (25i°'6  F.).  A  slightly  soluble  ^'trinitronaphtkalene  maybe 
easily  prepared  from  0-dinitronaphthalene  by  adding  5  parts  of  sulphuric 
acid  to  a  mixture  of  5  parts  of  fuming  nitric  acid  with  one  of  the  dinitro- 
compound  and  crystallizing  from  glacial  acetic  acid.  It  forms  pale  yellow 
rhombic  plates,  which  melt  at  218°  (424**'4  F.).  When  a-dinitronapbthalene, 
however,  is  treated  in  this  manner,  it  yields  a  third  modification :  yPrinitronaph- 
thalene,  which  crystallizes  from  nitric  acid  in  bright  yellow  scales,  melting  at 
I54®(309°'2  F.)  (Aguiar ;  Beilstein  and  Kuhlberg,  ibid,  vi.  647). 

By  boiling  a-  or  /3-dinitronaphthalene  for  a  few  minutes  with  20  parts  of  a 
mixture  of  equal  weights  of  fuming  sulphuric  and  nitric  acids,  or  by  long  con> 
tinned  heating  with  nitric  acid,  they  are  converted  into  a-  and  ff-tetranitronaph.- 
ihalene :  Cj^H^(N0j)4,  respectively.  The  a-derivative  is  almost  insoluble  in 
alcohol,  but  may  be  crystallized  from  chloroform.  It  melts  at  259°  (498°*2  F.), 
and  detonates  violently  when  heated.  The  crystalliue  form  belongs  to  the 
prismatic  system.  The  /3  compound  crystallizes  in  long  fibrous  needles,  melting 
at  200^  (392*  F.). 

(137 1)  Cyanonaphthalbnes. — a'Monocyanonaphthalene,  a-naphth/lie 
cyanide,  or  a-naphthcnitrile :  C^^Tl^,CN,  is  pbtained  by  distilling  potassic 
naphthalene-a-sulphonate  with  potassic  cyanide : 

C^H,.KSO,    -¥   KCN  =  Cj,H,:CN  +  K^SO,. 

It  is  also  produced  by  boiling  naphthylformamide,  NH.Cj^Hy.COH,  with  con- 
centrated hydrochloric  acid,  and  by  heating  sulphocarbonaphthalide  with  finely 
divided  copper.  It  has  an  odour  resembling  that  of  bitter  almond  oil,  and 
crystallizes  from  light  petroleum  in  groups  of  broad  lustrous  needles.  It  melts 
at  37***S  (99°-5  F.),  and  boils  at  298°  (s68''-4  F.).  The  fi-cyanonaphtkalene, 
obtained  by  a  similar  process  from  the  naphthaIene-/3-suIphonate,  crystallizes 
with  difficulty  in  colourless  scales,  which  melt  at  66°-5  (iSi''^  F.);  it  boils  at 
305°  (581°  F.).  It  has  but  a  faint  odour,  and  is  less  soluble  in  alcohol 
than  the  a  compound  (Merz  and  Milihauser,  2^ts.  Chem.  [2],  v.  70 ;  Welkov, 
Beut  chem,  Ges,  Ber,,  ii.  407  ;  Weith,  ibicL  vi.  967). 

Dicyanonaphthalenes  have  been  prepared  by  distilling  mixtures  of  potassic 
cyanide  and  the  potassic  salts  of  bromonaphthalene*  a-  and  /3-sulphonic  acids  and 
the  naphthalenedisulphonic  acids,  but  little  is  known  of  them  (Darmstadter  and 
Wichelhaus,  Ann.  Chem,  PAarw.,  clii.  307). 

(1372)  H0MOLOGUE8  ojf'^Ji.VRTB.kixs^.—Methylnaphthalene:  C„Hj^  or 
Cj^Hy.CH,,  is  a  colouriess  liquid  boiling  at  about  232''  (449°'6  F.),  and  having 
a  density  of  1*027  at  ii^^'S  (52^7  F.).  It  is  prepared  by  the  action  of  sodium 
on  a  cooled  solution  of  monobromonaphthalene  and  methylic  iodide  in  ether. 
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Sihyhieiphthalene :  C^^H^  or  Cj^Hy.C,H^,  produced  in  a  similar  manner 
from  bromonaphthalene  and  ethylic  bromide,  is  likewise  a  colourless  liquid.  It 
boils  at  about  250®  (482°  P.)  (Fittig  and  Eemsen,  Ann.  Chem,  Pharm,,  dv.  112). 
Characteristic  derivatives  of  these  hydrocarbons  have  not  yet  been  obtained. 

Hexahyd/roanthraceTie :  Cj^H^, — This  hydrocarbon  is  formed  on  heating 
dihydroanthraeene  for  ten  hours  with  foming  hydriodic  acid  and  amorphous 
phosphorus  in  closed  tubes  at  a  temperature  of  about  200^  (392^  F.).  It 
crystallizes  in  colourless  laminsB,  which  are  easily  soluble  in  alcohol,  ether,  and 
benzene,  and  which  melt  at  63^  (i45"'4  F.).  It  boils  at  290^  (554°  F.),and 
at  a  red  heat  is  resolved  into  hydrogen  and  anthracene  (Gnebe  and  Liebermann, 
Ann,  Chem.  JPkarm.,  Sup.  vii.  272). 


§  IX.  Hydrocarbons  of  the  C^Hg^.^^  or  Diphenyl  Series. 

The  ninth  or  CnHjn^i^  series  of  isologous  hydrocarbons  may 
be  called  the  diphenyl  series  from  the  name  of  one  of  its  lowest 
members,  although  it  includes  compounds  having  but  a  very 
distant  relation  to  diphenyl.  The  following  is  a  list  of  those  at 
present  known : 


IAeenaphtbene 
Diphenyl    .    . 


CisHij 


Diphenyhnethsna 

/  TetrahydrophenantlureDa 
Paraditohl 
Orthoditolyl 


:fi 


Cx«Hi4  i  opDIpbeDylethftne   . 
/^Diphenyletbane   . 
I  PanbeD^rltoUiene  . 
VOrthoben^ltolaene 

BenzylmeUxylene  . 

Benaylparaxylene    .    . 
^  „        Benrrlethylbenzene 
^i5«i«  i  Ditolylmethane  ... 

Dibenzylmethane    .    . 

Uekliyi'A-dipbeuylethaue 


Cj»Hm     DimesitylmeUume  . 


CQHg.Cgcl5 

CH,(C,H.), 

C  n  •.  CcH4>  C(  n  4.  C  H» 
CH..CeH^C^4.CHB 

CB,.CHfc.H.), 

CH,.CjH4.CH,.C«H4 

dis«CfM4.Cxl^C>fiig 

C.H,.CH,.C,H3(CH,), 

C,H,.CH,.CeH,(CH,), 

C«nc-CHf.CgH4.C«t]> 

CH,(C,H^CHs), 

CH,(CH.C.H.)a 


Cell,.CH(cW  CCH4.CH, 


M.p.°a 


liquid 

bdowo<» 
liquid 


"4" 
liquid 


Approximate 
B.P.«»C, 

a68* 

a6a° 

38o«» 

375° 

»84° 
370® 
380° 

396* 

394° 

395° 

390<» 

390°— 3o< 
370* 


^° 


None  of  these  hydrocarbons,  with  the  exception  of  acenaph- 
thene,  yield  well-defined  additive  compounds  with  bromine,  but 
they  may  readily  be  converted  into  substitution  derivatives  by 
treatment  with  that  reagent  or  with  nitric  acid. 


(1373)    Diphenyl    or  Phenylbenzene ;  Phenyl:  CigH^^,    or 
C^Hj.CjH5=  154. — This    hydrocarbon  is  formed  in  a  variety  of  j 
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reactions,  but  it  is  prepared  either  by  Pittig's  process,  by  the 
action  of  sodium  on  a  solution  of  bromobenzene  in  benzene  :* 

2C^U^Bt   +  aNa  =  C^^U^^  +    2NaBr; 

or  by  taking  advantage  of  the  discovery  of  Berthelot  that  it  is 
formed  by  the  decomposition  of  benzene  at  a  red  beat. 

By  the  latter  method  Schultz  and  Luddeiu  have  prepared  oonsiderahle  qnaii- 
titieB  of  diphenjl,  benzene  yielding  as  much  as  35  per  oent.  of  its  weight  in  sac- 
cessful  operations,  according  to  the  former  observer.  An  iron  tube  (a  gun 
barrel)  filled  in  the  middle  with  pieces  of  pumice,  is  heated  to  bright  redness  in 
an  ordinary  gas  combustion  furnace  (Liiddens),  or  charcoal  furnace  (Schultz) ;  it 
is  connected  at  the  one  end  with'  a  flask  containing  benzene,  and  at  the  other 
with  a  condensing  apparatus.  On  boiling  the  benzene  in  the  flask,  its  vapour  is 
caused  to  pass  through  the  red-hot  tube;  and  about  100  to  200  grams  may 
thus  be  distilled  through  the  tube  in  the  hour.  According  to  Liiddens,  however, 
it  is  advantageous  to  dilute  the  benzene  vapour  with  carbonic  anhydride,  by 
passing  a  current  of  the  latter  into  the  boiling  benzene.  The  unattacked 
benzene  is  distilled  off  the  product  which  collects  in  the  receiver  on  the  water 
bath,  the  residue  distilled  in  a  current  of  steam,  and  crystallized  from  alcohol. 
Watson  Smith  states  that  the  yield  of  diphenyl  is  much  increased  by  passing  the 
vapour  of  benzene  mixed  with  antimonious  chloride,  SbCl^,  through  a  red-hot  tube. 

Diphenyl  is  contained  in  coal-tar  oil,  and  may  be  isolated  by 
fractional  distillation ;  it  separates  from  the  portion  collected  at 
240° — 260^  (464° — 500°  P-)  oil  cooling,  and  is  purified  by 
pressing  and  crystallization  from  alcohol  (Biichner,  Deut.  chem. 
Ges.  Ber.,  viii.  22). 

Diphenyl  crystallizes  from  alcohol  in  thin  iridescent  plates^ 
which  possess  a  characteristic  pleasant  odour;  it. melts  at  70^*5 
(158^*9  F.)  and  boils  at  254°  (489°-2  F.).  It  is  not  aflTected  by 
heating  to  250°  (482^  F.)  with  hydriodic  acid  solution  (b.p.  127°  C.) 
and  phosphorus  (Schultz) ;  but  according  to  Berthelot  it  is  con- 
verted into  hexane  when  heated  with  a  large  excess  of  a  saturated 
hydriodic  acid  solution  at  280°  ^53^°  F-)*  I*  i^  oxidized  by  a 
solution  of  chromic  anhydride  in  glacial  acetic  acid^  benzoic  acid 
being  formed  (Schultz). 

(1374)  Substitution  derivatives  of  Diphenyl. — The  derivatives 
of  diphenyl  have  been  studied  by  Fittig  (Ann.  Chem,  Pharm,, 
cxxiv.  275;  cxxxii.  204;  Schultz,  ibid,  clxxiv.  201;  Doebner, 
ibid,  clxxii.  109;  Engelhardt  and  Latschinoff,  Zeits.  Chem.  [2]^ 
vii.  259;  Osten,  Deut.  chem.  Ges.  Ber.,  vii.  170;  Liiddens,  fWi 
viii.  870;  Doebner,  ibid.  ix.  129).  Chiefly  mono-  and  di- 
derivatives  have  been  prepared,  of  which  the  following  is  a  list : 


*  A  certain  quantity  of   by-products  is    always  obtained,  consisting  of  a 
brominated  oil  and  a  crybtalline  hydrocarbon  of  the  formula  C^^^,  (Schultz). 
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Name. 


Parabromodiphenjl     •     • 
Parachlorodiphenyl      .     • 
Diparabromodiphenyl  .     . 
Diparachlorodiphenyl  .     . 
Parametadiob  lorodiphem jl 
Paracyanodiphenyl .     .     • 
Parametacyanodiphenyl    . 
Paranitrodiphenyl  .     .     . 
Orthonitrodiphenyl  (P)     . 
Diparaoitrodiphenyl    .     . 
Qrthoparadinitrodiphenyl  (?) 
Parabromoparauitrodiphenyl 
Parabromorthonitrodiphenyl  (?) 
Diorthomtrodiparabromodiphenyl  (?) 


FormoU. 


C.H.Br.C.H, 

C,H.Br.C,K.Br 
C,Hp.C,H,Cl 

e.H.(NO,}xVH,(N0.) 
C.H.Br(NO.).C.U,Br(NO.) 


Melting 
Point 


89° 

164° 
148° 
179° 

K 

234 
"3" 

37° 
233° 
93°'5 
173° 

65° 
148° 


The  main,  if  not  the  sole  product  of  the  action  of  bromine,  nitric  acid,  and 
snlphuric  acid  on  diphenyl,  is  always  a^ora-mono-derivative;  that  is  to  say,  the 
ndicle  displaces  an  atom  of  hydrogen  in  the  one  C,H^  group  which  is  in  the 
para-poeition  rektively  to  the  other  C^H^  group ;  only  in  the  ca«e  of  nitric  acid 
is  a  small  quantity  of  an  isomeric  (probably)  ortho-mono-deri native  obtained. 
This  is  proved  in  the  case  of  the  bromo-  and  nitro-derivatives  by  their  conversion 
into  parabromo-  and  paranitrobenzoic  acid  on  oxidation  ;  and  that  the  sulpho-acid, 
C^Hj.C,H^(SO^H),  formed  by  the  action  of  sulphuric  acid  on  diphenyl,  is  a  para- 
derivative  is  shown  by  the  conversion  of  the  oxydiphenyl,  C,H^.CgH^(OH), 
produced  by  fusing  it  with  potassic  hydrate,  into  a  chlorodiphenyl  (by  the 
action  of  phosphorie  pentaohloride)  which  Punishes  parachlorobenzoic  acid  on 
oxidation. 

By  the  further  action  of  bromine  and  of  nitric  acid  a  di-derivative  is  pro- 
duced, or  at  least  is  the  main  product,  which  is  formed  by  the  displacement  of  an 
atom  of  hydrogen  in  the  para-position  in  each  of  the  C^U^  groups.  Thus,  on 
ooQ verting  the  dinitrodiphenyl,  which  is  the  chief  product  of  the  action  of  nitric 
aeid,  by  partial  reduction  into  amidouitrodiphenyl,  and  displacing  the  amido- 
groap  in  the  latter  by  bromine  by  Greiss's  reaction,  a  bromouitrodiphenyl  is 
obtained  identical  with  that  formed  on  nitrating  parabromodiphenyl,  and  which 
furnishes  both  j^arabromo'  and  ^orowiiro-benzoic  acid  on  oiidatiou.  The 
dinitrodiphenyl,  which  is  the  accessary  product,  is  probably  formed  by  the  dis- 
placement of  two  atoms  of  hydrogen  in  the  same  C^U^  group,  one  being  in  the 
ortho-  and  the  other  in  the  para-position. 

Bat  the  action  of  sulphuric  acid  offers  an  exception,  for  when  the  disnlpho- 
aod,  C„Hg(SO,H)^,  is  fused  with  potassic  hydrate,  and  the  resulting  dioxydiphenyl 
is  distilled  with  phosphoric  pentachloride,  a  dichlorodiphenyl,  C^H^Cl,,  is  ob- 
tained, which  yields  j9ara2M^adichlorobenzoic  acid  (m.  p.  201°  C.)  on  oxidation ; 
pcoving  that  Uie.  two  solpho-fproupB  are  contained  in  the  same  O^U^  group. 

(1375)  AcENAPHTHENE :  C^gHj^  OT  C^^X    I      . — ^Although 
of  the  same  cQjmpositiou  as  diphenyl^  this  hydrccarbo^^^^  ^^S^^qIc 
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distinguished  from  it  and  the  homologous  bodies  by  its  behaviour 
with  bromine  and  on  oxidation^  and  by  forming  a  compound  iritli 
trinitrophenol,  C^H^^j-f  CgH^(N03)3,OH,  crystallizing  in  orange- 
yellow  needles^  which  is  produced  when  solutions  of  equivalent 
quantities  of  the  two  substances  in  boiling  alcohol  are  mixed. 

Acenaphthene  was  first  obtained  by  Berthelot  by  passing  a  mix- 
ture of  ethylene  or  acetylene  with  naphthalene  vapour  through  a 
red-hot  tube,  and  was  subsequently  discovered  by  him  in  that  por- 
tion of  the  heavy  coal-tar  oil  which  passes  over  between  250°  and 
300°  (482°  and  572°  F.),  (Bull.  Soc.  Chem.  [2],  vii.  275;  viii.  245). 
It  is  also  obtained  on  passing  ethylnaphthalene  vapour  through  a 
red-hot  tube,  and  by  the  action  of  an  alcoholic  solution  of  potassic 
hydrate  at  100°  (212^  F.)  on  bromethylnaphthalene,  CiQHj..CgH^Br 
(Berthelot  and  Bardy,  Compt.  Rend.,  Ixxiv.  1463). 

According  to  Behr  and  Van  Dorp  (Ann,  Chem.  PAarm.,  clxxii. 
263)  the  fraction  of  coal-oil  boiling  between  265°  and  280°  (509° 
and  536°  F.)  when  allowed  to  stand  in  a  cold  place,  deposits 
acenaphthene  in  hard  flat  prisms^  which  may  be  purified  by 
crystallization  from  hot  alcohol^  in  which  it  is  readily  soluble ; 
it  separates  on  cooling  in  brilliant  colourless  slender  prisms,  which 
melt  at  gf  (203°  F.)  and  boil  at  268^  (5i4°'4  F.).  On  oxidation 
by  potassic  dichromate  and  sulphuric  acid  mixture  it  is  converted 
into  naphthalic  acid  (Behr  and  Dorp) : 


Acenaphthese,  Naphthalic  add. 


aC„Hj 


When  a  molecule  of  bromine  is  added  to  a  molecule  of  acenaphthene  dissolved 
in  ether,  hromaeenaphthene,  C^^H^Br,  is  produced;  it  crystallizes  from  alcohol  in 
plat^  melting  at  52^  (i  25^*6  F.),  and  is  converted  into  hromonaphthcdie  acid 
on  oxidation.  By  the  action  of  a  larger  quantity  of  bromine  on  a  solution  of 
the  hydrocarbon  in  carbonic  bisulphide,  dihronMcenapkthene  tetrabromide, 
0^,H,6r,,  is  obtained  in  beautiful  white  crystals  (Blumenthal,  DeuL  chem.  Qet. 
Ber.,  vii.  1095).  According  to  Berthelot,  a  hexahromide,  C^^^^Br,,  is 
formed  on  adding  a  slight  excess  of  bromine  to  a  cooled  solution  of  acenaph* 
thene  in  light  petroleum  naphtha ;  it  crystallizes  from  alcohol  in  slender  needles. 
Since  naphthalene  combines  with  at  most  four  atoms  of  bromine,  however,  it 
appears  probable  that  Berthdotis  supposed  hezabromide  is  really  Blumenthal's 
dibromotetrabromide. 

(1376)  HoMOLoouEs  OP  DiPHENYL,  FomuUion. — ^There  are 
three  methods  of  general  application  by  which  hydrocarbons 
homologous  with  diphenyl  may  be  produced,  viz. :  (1)  By  the 
action  of  sodium  on  the  mono-haloid  derivatives  of  the  hydro- 
carbons of  the  benzene  series,  both  those  formed  by  the  displace- 
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ment  of  an  atom  of  hydrogen  in  the  Cg  group  and  in  the  side 
chain  being  available  for  this  purpose : 

2C.H,Br.C,H^,,   +    2Na   =    C.H,(C„H,„^0-CeH,(CAn+O    +    2NaBn 

2C.H,Br.CH,   +    2Na  «  C.H,(CH,).C,H,(CH,)   +    2NaBr- 
BromotoIiiflnA.  Ditolyl. 

By  this  reaction  hydrocarbons  strictly  homologous  with  diphenyl 
are  obtained^  which  is  not  the  case  when  the  reaction  takes  place 
in  the  following  manner  : 

2C,H,.C.H^C1  +    2Na  =   C,H,.C^H,„.C^H,„.C.H,   +   2Naa 

2C.H,.CH,C1   +    2Na  =   C,H,.CH,.CH,.C,H.   +    2Naa 

Bouylic  chloride.  DlbenzyL 

a.  By  Zincke's  process,  by  heating  a  mixture  of  a  hydrocarbon 
of  the  benzene  series  and  the  monochloro-  or  monobromo-  deri- 
vative  of  a  hydrocarbon  of  the  same  series  containing  the  halo^ 
gen  in  the  side  chain  with  finely  divided  zinc  or  copper : 


ACnH-Zn+l/m 


C,H,  +  C,H,.CH,C1  =   HCI  +  C,H,.CH^C,H5. 

Beniene.  Benzylic  chloride.  Diphenylmethane. 

C,H,.CH,  +  C,H5.CHjCl  =  C,H5.CH,.C,H^.CHj   +  HCI. 

Toluene.  Benzylic  chloride*  Benzyltoluene. 

When  zinc  is  employed,  it  is  only  necessary  to  heat  the  mixture 
in  an  open  flask  attached  to  a  reversed  condenser ;  with  copper, 
in  the  case  of  the  lower  terms  of  the  benzene  series,  a  higher 
temperature  is  required,  and  the  mixture  must  be  heated  in  sealed 
tubes ;  but  in  the  case  of  the  higher  terms,  the  temperature  can 
be  raised  sufficiently  by  heating  in  an  open  flask.  The  same 
action  appears  to  take  place,  although  far  les9  readily  and  com^ 
pletely,  when  a  mixture  of  the  hydrocarbon  and  haloid  derivative 
is  heated.  In  fact,  the  metal  seems  to  take  no  active  part  in  the 
reaction  after  it  is  once  started,  for  if  the  metal  be  then  removed 
the  action  continues  with  apparently  undiminished  energy ;  some 
metallic  chloride,  however,  is  always  formed,  although  the  quan- 
tity is  but  small  (Zincke,  Ann.  Ckem,  Pkarm.,  clix.  367  ;  Deut. 
chem,  Ges,  Ber.,  vi.  137). 

3.  By  Baeyer's  method,  which  is  closely  allied  to  Zincke's, 
concentrated  sulphuric  acid  is  caused  to  act  on  a  mixture  of  a 
hydrocarbon  of  the  benzene  series  with  formic  or  acetic  all 
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since,  however,  formic  aldehyde  cannot  be  isolated  and  acetic 
aldehyde  is  rapidly  resinified  by  sulphuric  acid,  methylenic  acetate, 
CH^iC^Ufic;)^  or  methylal,  CH2(OCH^)2,  is  employed  instead 
of  the  former,  and  its  crystalline  polymeride,  paraldehyde,  in 
place  of  the  latter.  It  is  usually  necessary  to  dilute  the  mixture 
with  glacial  acetic  acid  before  adding  the  sulphuric  acid.  Probably, 
the  first  action  consists  in  the  conyersion  of  the  methylal  or 
methylenic  acetate,  by  the  sulphuric  acid,  into  the  corresponding 
sulphate,  which  then  enters  into  reaction  with  the  hydrocarbon : 


CHj 

=  CH, 

hso;  +  *c««*0' 

Ketbjienlcaeetate. 

Methrlenlo  ■alph.te.           Aeetio  add. 

C] 

««|hso;  +  ^w 

=  CHg 

c;h;  +  ^««so,. 

Methjlenio  lalphate.  Benzene.  Dipbenylmethane. 

A  similar  explanation  may  be  giyen  in  the  case  of  acetic  alde- 
hyde ;  the  end  result,  however,  is  expressed  by  the  equation : 

CH,COH   H-   2C.H.^(C„H^,.)-  =   OH,   +   CH,CH  {^.H-g^-)- 

By  the  employment  of  chlorinated  and  brominated  derivatives  of 
aldehyde,  chlorinated  and  brominated  hydrocarbons  may  be  pro- 
duced ;  thus  : 

CCIj.COH  4-   aC,H,  =  CCl3.CH(C,H5),  +   OH,. 

ChloraL  ^•Diphen7ltriohlorethaQe. 

(1377)   DiPHENTLMETH ANE    OB   Bbn  Z YLBENZSNE  :    CH,(C,H^,  =  1 68  .— 

This  hydrocarbon  is  the  chief  product  of  the  action  of  zinc  on  a  mixture  of  ben- 
zene and  benzylic  chloride  (see  dibenzjl  benzene).  It  ib  alno  formed  by  Baeyer's 
process  from  benzene  and  methylal  {JDeut,  chem,  Oes,  Ber,,  vi.  221),  and  by 
adding  sulphuric  acid  to  an  acetic  acid  solution  of  benzene  and  benzylio  alcohol 
(Meyer  and  Wurster,  ihid.  vi.963):  C,H,  +  C,H,.CH,.OH  =  C,H,(C,HJ  +  OH^; 
it  is  obtained  on  distilling  the  baric  salt  of  diphenylacetic  acid,  CH(C^H  Jj.CO,H, 
with  soda-lime  (Jena),  and  according  to  Staedel  {ihid,  vii.  1480),  it  is  the  chief 
product  on  heating  benzophenone,  CC^C^H  J,,  with  zinc  powder. 

Diphenylmethane  cryHtallizes  in  colourless  monoclinic  prisma,  which  melt  at 
26®  (78°*8  F.)  ;  it  boils  at  262°  (503°'6  F.).  It  possesses  an  agreeable  aromatic 
odour  resembling  that  of  oranges,  and  is  readily  soluble  in  alcohol,  ether,  and 
chloroform.  On  oxidation  it  is  converted  into  benzophenone,  CO(O^HJ,.  The 
following  nitro-deriTatives  have  been  obtained  (Doer,  ibid,  v.  795) : 

Protable  fomrala.  1C.P.  °  Cent. 
Dinitrodiphenylmethane      .     .     .     CH,(C.H^J^O,),         183** 

{C  H 
C*H*^NO  )       ^  '^^^ 

Tetranitrodiphenyhnethane      •     •     ^"»{ch'(NOJ'      ^5^^"* 
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A  crystalline  diphenylohlorometkcme,  0HC1(C,H^),,  which  melts  at  14'' 
(5  7°' 2  F.),  18  formed  on  passing  dry  hydrochloric  acid  into  well  cooled  diphenyl- 
carbinol  or  benihydrol,  CH(C.H,)2.0H  (Engler  and  Bethge,  ibid.  vii.  1128).  A 
liquid  dipkenyldichlorometkane,  CC1,(C,hJ„  which  boils  at  305**  (581''  P.),  i« 
produced  by  heating^  benzophenone  with  plkosphorio  pentachloride  (Xekul^  and 
Franchimont,  ibid.  ▼.  908). 

(1378)  Hydbocasbons  :  Cj^Hj^=3i82. — Tetraiydrophenanthrene,  C^JEL^^. 
— ^According  to  Gmbe  (ibid,  viiL  1056)  this  hydrocarbon  is  formed  on  heating 
phenanthrene  with  hydriodic  acid  and  phosphorus  to  about  200**  (392**  F.).  It 
is  an  oily  liquid  which  boils  st  about  310^  (59^^  ^O  <u^^  soUdifies  below 

{C  H  (TFT 
C*H*  CH  •  ^  P'®" 
jMied  by  the  action  of  sodium  on  a  solution  of  parabroraotoluene,  C^U^Br.CH,, 
in  petroleum  naphtha  (Zincke;  Longuinine,  ibid.  It.  396  and  514) ;  it  crys- 
tallizes in  magni£eent  monoclinic  prisms,  which  melt  at  121^  (249*'8  F.). 

Ortkodiiolyl  is  similarly  prepared  from  orthobromotolaene,  but  it  has  not  yet 
been  obtained  quite  free  from  the  isomeride ;  it  is  an  oily  liquid  which  boils  at 
about  275''  (527°  F.)  (Longuinine).  The  oxidation  products  of  the  ditolyls 
have  not  as  yet  been  investigated,  but  in  ail  probability  they  are  converted  into 
dipA^nylcarbosrylie  acids,  C,H^(COOH).C,H,(COOH). 

a-IHpkenylethane  or  Biben^yl :  0,H^.GU,.CH,.C,H,.— This  hydrocarbon  is 
most  conveniently  prepared  by  the  action  of  metallic  sodium  on  benzylic  chloride 
or  bromide:  2C,H,.C1LC1  +  2Na  =  2NaCl  +  C,H,.CH,I3H,,C,H,  (Fittig  and 
Stelling^  Ann.  Chem.  J^harm.,  cxzxvii.  258).  It  is  also  formed  by  heating 
stilbene,  C,^Hj,,  with  hydriodic  acid  to  150°  (3Pa**.F.)  (Limpricht  and  Schwanert, 
ibid.  cxlv.  334). 

Dibenzyl  crystallizes  in  white  monoclinic  prisms  which  melt  at  5  2°  ( 1 2 5^*6  F.) ; 
it  boils  at  284^  (543^*2  F.).  On  passing  its  vapour  over  heated  pumice,  a 
mixture  of  stilbene  and  toluene  is  obtained.  It  does  not  readily  undergo  oxida- 
tion, but  is  converted  by  the  action  of  ai\  acetic  acid  solution  of  chromic  anhydride 
into  benzoic  acid  (Lippert,  Deut.  chem.  Ges.  JBer,,  ix.  14). 

Bromine  acts  readily  upon  dibenzyl,  but  the  nature  of  the  products  is  largely 
dependent  upon  the  conditions  under  which  the  action  takes  place.  When  dry 
bromine  is  added  to  the  hydrocarbon,  much  heat  is  evolved,  and  a  series  of  bodies 
is  produced  which  are  formed  by  the  displacement  of  hydrogen  in  the  C,H^ 
group  (Marquardt,  Ann.  Chem.  Fharm,,  dL  362) ;  viz.  t 

M.P.*»Ceiit. 
Bromodibenzyl      .     .     C,H,.CHBr.CH,.C,H,  liquid. 

Dibromodibenzyl  .     .     C.H,  CHBr.CHBr.C.H,  228' 

Tribromodibenzyl  (P)  .     C.H^Br.CHBr.CHBr.C.H,    ao7°-2 1 1** 

The  first  of  these  yields  stilbene  when  treated  with  an  alcoholic  solution  of 
petaaeic  hydrate;  tiie  second  is  identical  with  ttilbens  dibromide  (p.  367) ;  the 
third  has  not  been  examined. 

By  adding  bromine  to  dibenzyl  suspended  in  water^  Fittig  and  Btelling 
ohiaiiied  a  liquid  bromodibenzyl,  boiling  without  decomposition  above  320^ 
(608^  F.) ;  and  a  crystalline  dibromodibenzyl,  melting  at  x  i  s"*  (239''  F.).  These 
compounds  aee  formed  by  the  displacement  of  hydrogen  in  the  C.  groups,  for 
according  to  Lippert^  {loe.  eii.)  the  pure  monobromo-derivative  yields  the  pure 
di-derivative,  when  cautiously  treated  vrith  bromine,  and  the  latter  is  converted 
into  jwrabramobenioic  add  on  oxidation. 

^bensyl  is  also  ei^ble  of  combining  directly  with  bromine,  a  crystallina 
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compoand  of  the  formula  Cj^H,^Brj  being  obtained  by  adding  bromine  to  a 
eolation  of  dibenzjl  in  pure  ether  (Fittig,  Ann,  Chem,  Pkarm.,  oxxxvii.  271). 

Bj  the  action  of  nitric  acid,  dibenzyl  is  converted  into  a  mixture  of  two 
isomeric  dinitro-derivatives,  one  of  which  melts  at  166''  (330*^*8  F.),  and  the 
other  at  74"  (i6$'''2  F.)  (Fittig  and  Stelling).  The  former  yields  a  large  quantity 
of  paranitrobenzoic  acid  on  oxidation,  and  is  thus  proved  to  be  a  diparanitro- 
dibenzyl,  C,H,(NO,).CH,.CH,.C.H^(NO,) ;  the  latter  also  furnishes  paranitro- 
benzoic acid,  but  in  much  smidler  quantity,  and  is  probably  an  orthoparadinitro* 
derivative  of  the  formula,  C.H^(NO,).CH,.CH,.C,H,(NO,). 

When  treated  with  sulphuric  acid,  dibenzyl  furnishes  dibenzyldiparasulphonio 
acid,  C,H^(SO,H).CH,.CH,.0,H,(SO,H)  (Kade,  Deut.  chem.  Ge».  Ber„  vi.  953 ; 
vii.  239). 

fi-Diphemflethane  :  CH,  CH(C^H,),.— This  hydrocarbon  is  produced  by 
Zincke's  process  from  benzene  and  bromethylbenzene,  C^H^CHBr.CH, 
(Radziszewski,  ibid,  vii.  142) ;  by  Baeyer's  process,  from  benzene  and  paraldehyde 
{ibid,  vii.  1190) ;  and  by  the  action  of  sodium  amalgam  on  an  alcoholic  solu- 
tion of  ^-diphenyltrichlorethane  or  /3-diphenyltribromethane  (Goldschmidt^  ibid, 
vi.  989,  1 501).  0-DiphenyIethane  is  a  colourless  oil  of  pleasant  odour,  which 
boils  at  about  270°  (518°  F.),  and  solidifies  at  a  low  temperature  to  a  crystalline 
mass.     On  oxidation,  it  yields  benzophenone,  CO(C,U  J,. 

The  following  haloid  derivatives  of  this  hydrocarbon  have  been  prepared  by 
Baeyer's  process  from  benzene  or  chloro-  and  bromobenzene,  and  the  mono-,  di-; 
and  trichlorinated  derivatives  of  aldehyde  and  tribromaldehyde  {ibid^Y.  1098; 
▼i-  423,  985, 1439 ;  vii  1 180, 1409) : 

ll.P.'Ceiit. 

/3-Diphenylmonochlorethane CH,C1.CH(C,H.),         liquid 

/3.Diphenyldichlorethane CHC1,.CH(C.HJ,  P 

/3-Diphenyltrichlorethane CCl3.CH(C,H.),  64^ 

/3-Diphenyltribromethane CBr,.CH(C,H,)  89*^ 

/3-Dimonochlorophenyltrichk>fethane     .     .     CCI,.CH(C,H^Ol),      .    105** 
/3-Dimonobromophenyltribromethane     .     .     CCl^.CH(C,H^Br]^  140*^ 

Para-  and  Orthobenzyltoluene :  CH,.C.H^.CH,.C^H^~The  mua  product 
of  the  action  of  benzylio  chloride  ob  toluene  in  presence  of  metallic  zinc  is  a 
mixture  of  variable  proportions  of  these  two  hydrocarbons,  which  cannot  be 
separated ;  it  is  a  colourless  liquid  of  pleasant  odour,  which  boils  at  a  80° 
(536^  F.)  (Zincke,  Ann,  Chem,  Pharm,,  6ixl  93$  Plascuda  and  Zincke,  Bent, 
chem,  Oes,  Ber,,  vi.  906).  Behr  and  Dorp  (ibid,  vii.  18),  however,  have  suc- 
ceeded in  preparing  pure  parabenzyltoluene  by  strongly  heating  crystalline 
parabenzoyltoluene  or  paratolylphenylketone,  O^H,.CO.C^H^.CH,,  with  zinc  dust. 
It  is  an  oily  liquid,  which  boils  at  about  280®  (53^^  F.),  and  does  not  solidify 
in  a  refrigerating  mixture  of  ice  and  salt ;  it  does  not  yield  a  trace  of  anthracene 
when  its  vapour  is  passed  through  a  red4iot  tube.  When  the  benzyltoluene 
prepared  by  Zincke's  process  is  submitted  to  oxidation  with  potassio  dichromate 
and  sulphuric  acid,  a  mixture  of  the  two  isomeric  ketones,  pura  and  /3-benzoyl- 
toluene,  C^^.CO.C^H^.CH^  is  obtained,  which,  on  further  oxidation,  furnishes  a 
mixture  of  parO'  and  Q-bew^lbensoic  acids,  C^H^.C0.C^H^.C0OH.  There  is 
little  doubt  that  the  iS-acid  and  ketone  and  the  hydrocarbon  from  which  they 
are  derived,  are  oWAo*derivatives  (see  anthracene),  and  that  the  action  of  benzylio 
chloride  on  toluene  resembles  that  of  most  other  reagents,  since  an  or^Ao-  and  a 
^at*a-derivative  are  simultaneously  produced  (p.  336). 

Bromine  acts  violently  on  the  benzyltoluene  prepared  by  Zincke's  process* 
bat  no  definite  bromine  derivative  has,  as  yet,  been  obtained.  With  nitric  acid 
it  yields   a    dinitro-derivative,  Cj^H„(NOj^  melting  at  i37*^278°-6   F.), 
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together  with  a  small  quantity  of  an  isomeride,  which  melts  at  about  100^ 
(212^  F.);  much  resinoid  matter  is  also  formed.  The  dinitro-derivative  of 
higher  melting  point  is  derived  from  parabenzyltolnene,  and  is  converted  into 
paranitrobenzoio  acid  on  oxidation,  so  that  it  is  represented  by  the  formula 
C,H/NO,).CH,  C,H,(NOJ.CH,.  The  isomeric  dinitnwierivative  is  probably 
formed  from  the  orthobenzyltoluene.  A  tetranitrobenzyltoluene,,  Cj^Hj(NOj)^, 
is  obtained  by  the  action  of  a  mijdiare  of  nitric  and  snlphurio  acids  (Zindte, 
ibid.  V.  683 ;  vii.  986). 

Hydaocarboks  :  0^,11,^=196. — Befizylmeta-'  and  benzylpara-xylene, 
C,H,.CH3.C,H,(CH,),,  and  henzylethylbenzene,  C,H,.CH,.C,H^.C,H,,  are  pre- 
pared by  Zincke's  process  from  benzyiic  chloride  and  meta-  or  paraxylene  or 
ethylbenzene  (Walker,  ibid,  ▼.  686 ;  Zincke,  v.  799).  They  are  colourless 
liquids  having  a  faint  aromatic  odour,  which  boil  at  about  294^ — 296*^ 
(56 1® '2 — 5 64® '8  P.).  On  oxidation,  benzylethylbenzene  is  converted  into  parar 
benzoylbenzoic  acid,  C^H,.CO.C,H^.COOH :  benzylmetaxylene,  however,  furnishes 
benzoylisophthalic  acid,  C,H..CO.C,H,(COOHX. 

Ditolylmethane,  GB.JiQ^M^.GR^^,  is  obtained  by  Baeyer's  process  from 
methylal  and  toluene.  It  boils  at  about  290°  (554°  F.),  and  is  converted  into 
diiMthylbenzophenone^  00(0,H^.CH3)2,  on  oxidation,  which,  on  further  oxida- 
tion, yields  bettzophenofiedicarboxylic  acid,  00(C,H^.OOOH)j.  A  dibromo- 
derivative,  OHj(C,H,Br.CH,)j,  melting  at  115  (239®  F.),  and  a  dinitro- 
derivative,  melting  at  164°  (327**'2  P.),  CH,(C,H3(N0j  OH,),,  are  produced 
by  the  action  of  bromine  or  nitric  acid.  A  dichlaroditolylmethane, 
0H,(0^H^.0H20l),,  which  crystallizes  in  white  plates,  melting  at  105^ 
(221°  F.),  is  formed  on  adding  sulphuric  acid  to  a  mixture  of  methylal  and 
benzyiic  chloride  (Weiler,  ibid.  vii.  1181). 

Dibenzylmetkcme,  CH,(CHj.C^Hg),,  has  been  obtained  by  Grsebe  {ibid,  vii. 
1623)  ^y  heating  dibenzylketone,  00(OH,.0,H^),,  with  hydriodic  acid  and  amor- 
phous phosphorus  to  180**  (356®  F.). 

Methylr^dvphmt/lethane,  CH,.C,H^.OH(CHj).C,H,,isaliquid  hydrocarbon, 
formed  by  Zincke's  method  from  toluene  and  bromethylbenzene ;  it  boils  at  about 
279^  (5  34°' 2  F.),  and  is  converted  into  parabenzoylbenzoic  acid  on  oxidation 
(Bandrowski,  ibid,  vii.  10 16). 

(1379)  Hydrocabboxs  :  0„H„  =»  210.  —  Diphenyldimethylethane, 
C,H,.CH(CH,).OH(CH,).C^H,,  is  formed  by  the  action  of  sodium  on  chlor-  or 
bromethylbenzene,  OH^.CHCl.OgHt  (Engler  and  Bethge,  ibid,  vii.  11 27).  It 
crystallizes  from  ether  in  colourless  needles,  melting  a^  124**  (2 5 5^' 2  F.). 

i:tkyl'fi-diphenylethane,Cfi^.CR{CE,),CJl^,C^B^,  is  the  hydrocarbon  pro- 
duced by  the  action  of  zinc  on  a  mixture  of  ethylbenzene  and  bromethylbenzene 
(Radziszewski,  ibid,  ru,  140).  On  oxidation  it  is  converted  into  parabenzoyl- 
benzoic acid. 

orDitolyletkane  or  d^ylyh  CH,.C,H^.CH,.CH,.C^H^.CH,,  is  formed  by  the 
action  of  sodium  on  the  chloroxylene,  prepared  by  the  action  of  chlorine  on  boil- 
ing coal-tar  xylene ;  it  is  an  oily  liquid  which  boils  at  296^  (564^*8  F.)  (Yollrathy 
Awn.  Chem,  Pha/rm.,  cxliv.  263). 

fi-Ditolylethane,Cll^,CR{Q^¥L^,CRX*  ^  ^0""®^  <>"  adding  toluene  to  a  solu- 
tion of  paraldehyde  in  sulphuric  acid.  It  is  liquid,  and  boils  at  about  297^ 
(566''-6  F.).  ^"Ditolyltrichlorethane,  CC1,.CH(C,H^.CH,)„  is  obtained  by 
substituting  chloral  for  paraldehyde ;  it  forms  colourless  crystals  which  melt  at 
89''  (i92'''2  F.)  (Fischer,  DetU.  chem,  Oes.  Ber.,  viL  1193). 

(1380)  Hydeocabbonb  :  C,,H^  -=  252. — IHmesitylTnethane  or  hexamethyU 

{C  H  rCH  ^ 
p*tt'/pp'\*>  is  very  readily  obtained,  according  to 
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Baeyer  (ibid.  ▼.  1098),  by  the  action  of  sulpharic  acid  on  a  Bolntion  of  mesitylene 
and  methylenic  acetate  in  acetic  acid.  It  orystailisses  from  alcohol  or  ether  in 
large  monodinic  prisms  which  melt  at  132°  {26g^'6  F.). 


§  X.  Hydbocarbons  of  ths  Cj^HjQ.ie  or  Stilbsns  Series. 

(1381)  Fifteen  members  of  this  series  have  been  discovered^ 
but,  with  the  exception  of  stilbene,  very  little  is  known  about 
them.     The  following  is  a  list : 


CuH|      AoetylenenAphthalene 


C  H       Diphenyleuemctluuie  or 


CuHij 


Ci»Hm 


Dtbydroanthneene 
a-Diphenylethylene  or 

^-Diphen7IethJlene  or 
iflostilbene 

Hexahydropyrene 


o-Ditolylethylene  or 
dimethybtUbeno 

^-Ditolylethyleoe 

DtethyltUlbena 

Tetramethylitilbene  or 
a-diparaxylylethyleno 

Teiramethylstilbene  or 
o-dimetaxylylethylene 

Tetrametbylisostilbene  or 
/l-dimeuaylyletbylene 


P  jx        HezAmetbylisMtflbene 
^to^u        or  0<Umesil7letbyleue 


CuHm 


^  CH 

CHC^, 

CH.CsH. 
HjCTlCCCgHg), 


CH.CgH^^CHf 
H,C=:C(C«H4.CH3), 

CU.CeH,(CH,), 

CH.C«Ht(CH^i 
CH.CeH,(CH,), 

CH.CoHs(CH.)j 

11  r — c.  J  Q"i(^^a)» 
««^^  ICeHsiCH,), 

TT  p — r,  J  CeHj(CHs)s 
^•^^  tc«H,(Clla), 


M.P.*Cent. 

IIS' 

1060 
xao'> 

Uqald. 

137* 

!'!&' 
Uquid. 

iJ4**-5 

157* 

loj^-rod** 

liquid. 


B.P.*»C€nt. 


above  300** 
304»-3oi« 


333" 


The  only  general  methods  for  the  preparation  of  hydrocarbons 
of  this  series  appear  to  be  the  passing  of  the  vapour  of  CnHj^^j^ 
hydrocarbons  over  heated  plumbic  oxide : 


^18^10 


PbO  = 

AoensphUigrlana. 


CjgHg   + 


OHjj  +   Pbi 


or  by   the  decomposition  of  their  monochlorinated  derivatives 
under  the  influence  of  an  alkali  or  of  heat : 


CH,Cl.CH(C,H,), 

^.piphenylmoaocbloretbane. 


CH  — C(C,Hj),  +   HCl. 

/S-Dipbeoyletbyleae. 
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(1382)    ACETTLENENAPHTHALBNE  OR  AcENAPHTHYLENV  :  C^^^S 

or    CjqHj\  II       -^  152.  —  When     acenaphthalene     vapour    is 

passed  over  plumbic  oxide^  heated  nearly  to  redness^  it  is  almost 
completely  converted  into  this  hydrocarbon  (Behr  and  Dorp, 
Ann.  Chem.  Pharm.,  clxxii.  276 ;  Blumenthal,  Deui.  chem.  Ges. 
Ber.,  vii.  1092).  Acenaphthylene  crystallizes  from  alcohol,  in 
which  it  is  readily  soluble,  in  large  yellow  lustrous  plates ;  it 
melts  at  about  93®  (i99°"4  F.)>  a^d  ^^^  at  265® — 275®  (509° — 
527^  F.)>  but  is  partially  decomposed.  It  furnishes  a  compound 
with  trinitrophenol  difficultly  soluble  in  cold  alcohol,  and 
crystallizing  in  dark  yellow  needles,  which  melt  at  2oa°  {395°*6  P.). 
Acenaphthylene  is  readily  reconverted  into  acenaphthene  by 
treating  its  alcoholic  solution  with  sodium  amalgam ;  it  is  con- 
verted into  naphthalic  acid,  CjQHg(C00H)2,  on  oxidation.  Ace- 
naphthylene   combines    with    at    most    two   atoms  of   bromiue, 

yCHBr 
forming    the  compound,   C^^Hg^  I         ,  which    crystallizes    in 

\CHBr 
white    needles   melting   at    122®    (a5i°'6    F.) ;    this   furnishes 
naphthalic  acid  on  oxidation,  and  by  the  action  of  an  alcoholic 
solution  of  potassic  hydrate,  it  is   converted  into  bromacenaph^ 

yCH 
ihylene,  Cyfi^\  \\      .     By  treating  this  bromacenaphthylene  with 

^CBr 

bromine,  the  dibromo-derivative,  C,QH5Br<^  ||       is  produced. 

\CBr 


(1383)      DiPHBNYLENEMBTHANB      OR      FlUORBNB  :      C^jHjq     Or 

I         =  166. — Fluorene    was   discovered    by    Berthelot 

in  coal-tar,  and  thus  named  on  account  of  the  beautiful  blue 
fluorescence  which  it  exhibits ;  it  is  obtained  by  crystallizing  the 
fraction  boiling  between  300°  and  305°  (572°  and  58 1^  F.)  from 
a  mixture  of  alcohol  and  benzene.  Fluorene  crystallizes  in 
colourless  plates,  which  melt  at  113®  i^35^'4  F0>  audit  boils  at 
about  305^  (581^  F.)  ;  it  forms  a  compound  with  trinitrophenol, 
CjjH;jo-f  CgHj(N03)3.0H,  crystallizing  from  benzene  in  slender  red 
needles,  which  melt  at  about  81°  (i77°'8  F.).  When  very  care- 
fully treated  with  bromine,  fluorene  furnishes  a  bromofluorene 
dtbromidCf  C^H^Brj,  which  crystallizes  in  fine  yellow  silky  needles; 
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this  is  very  unstable,  and  is  readily  converted  into  dibromoflttorene, 
CjgHgBrj,  which  crystallizes  in  large  plates  melting  at  167^ 
(332°'6  F.).  On  oxidation,  fluorene  is  converted  into  a  diphenylene* 

ketone,    C0<^  I       ,    identical   with    that    obtained   by   Fittig 

from  phenanthrene  (Barbier^  CompL  Rend.,  lixvii.  452;  Ixxix. 
1151;  Ixxx.  1396). 

Diphenylenemethane  was  obtained  by  Fittig  by  distilling 
diphenyleneketone  from  phenanthrene  with  zinc  dust,  and  by 
Grsebe  by  passing  the  vapour  of  diphenylmethane  through  a  red- 
hot  tube  ,*  the  substances  thus  prepared  are  identical,  but  do  not 
agree  in  all  respects  with  Barbier's  fluorene  (Graebe,  Ann.  Chem. 
Pharm.,  clxxiv.  194) ;  probably,  however,  the  diflFerence  is  due  to 
the  presence  of  small  quantities  of  impurity. 

a-DiPHENYLETHYLENE  OR  Stilbene  ;  Toluylene :  Cj^H^j  ^^ 
CH.C,H, 

II  . — This  hydrocarbon  was  first  discovered  by  Laurent 

CH.CgHg 

in  1843  amongst  the  products  of  the  dry  distillation  of  thiobenzoic 
aldehyde,  C^Hg.CSH^  and  from  its  silky  lustre  was  named  stilbene 
((TTiXjSw,  to  shine).  It  is,  however,  far  more  readily  prepared 
by  the  following  methods  : 

1.  By  passing  dibenzjl  or  tolaene  throtrgh  a  red-hot  tabe,  or  better  over 
heated  plunubio  oxide  (Dorp,  Deut.  chem.  Oes.  Ber.,Yi.  754;  Itorera,  ibid. 
vii.  1096  ;  yiii.  1455).  ^^^  amount  of  ntilbene  obtained  when  toluene  and 
plumbic  oxide  are  employed  is  equal  to  about  16  or  18  per  cent,  of  the  toluene; 
diphenyl,  ditolyl,  phenanthrene  and  anthracene  are  also  produced  at  the  same  time. 

2.  By  distilling  benzylic  sulphide  (C,H,  CHJ^S.  Toluene,  dibenzyl,  ben- 
zylio  sulphydrate,  tolallylic  sulphide,  C^^Hj^S,  and  thionessal,  C^H^S,  are  also 
formed,  and  the  amount  of  stilbene  produced  is  equal  to  about  10  per  cent,  of 
the  weight  of  benzylic  chloride  employed  in  the  preparation  of  the  sulphide 
(Forst.,  Ann.  Chem.  Pharm.  clxxviii.  370). 

3.  By  the  distillation  of  pure  /3-diphenylmonoohlorethane  (p.  362),  which 
splits  up  sharply  into  stilbene  and  hydrochloric  acid. 

4.  By  the  action  of  sodium  on  (0-2)  dichlorotoluene  (Limpricht) ;  and  by 
distilling  a  mixture  of  baric  phenylacetate  or  dibenzyl  with  sulphur  (Radziszewski, 
Deut.  chem.  Oes.  Ber.,  vi.  390 ;  viii.  758;  Forst,  loe.  eit);  it  is  also  formed 
in  numerous  other  reactions. 

Stilbene  crystallizes  in  colourless  nacreous  monoclinic  plates, 
which  may  be  obtained  of  large  size  by  the  spontaneous  evapora- 
tion of  an  ethereal  solution  of  the  hydrocarbon;  it  melts  at  120° 
(248°  F.),  and  boils  at  about  306°  {jS^^'S  ¥.).  It  is  reconverted 
into  dibenzyl,  Cj^H^^  by  heating  with  concentrated  hydriodic 
acid  to  150°  (302*^  F.) ;  on  oxidation,  it  yields  benzoic  aldehyde 
and  benzoic  acid  (Zincke,  ibid.  iv.  839) : 
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CjHj.CHZzCH.CjHj  +  O,  =  aC,H,.COH. 

Btllbene.  Benzoio  aldehyde. 

Stilbene  unites  -with  bromine  forming  stilbene  dibromide  (p.  36 1), 
CjH5.CHBr.CHBr.CjH5,  which  crystallizes  in  small  silky  needles 
melting  at  about  333°  (45i°*4  P.) ;  when  this  substance  is  heated 
to  130°  {%66^  F.)  with  an  alcoholic  solution  of  potassic  hydrate,  it 
is  converted  into  bromostilbene  (m.p.  25°  C),  CjH^.CHZZCBr.CjH., 
which  combines  with  bromine,  forming  crystalline  tribromodibemyl 
(m.p.  about  100°  C),  CjH5.CHBr.CBrj.CgH5. 

Nitro-derivatiyes  have  not  been  prepared  in  a  pure  state  from  stilbene,  bat 
by  the  action  of  an  alooholio  solution  of  potassic  hydrate  on  paranitrobenzylic 
chloride,  C,H^(N0,).CH2C1,  Strakosch  has  obtained  a  paradinitrostilbene, 
^u^io(^^i)i  {^bid.  vi.  328).  It  forms  brilliant  yellow  crystals,  which  melt 
above  230*  (536'' P.). 

)3-DlPHENYLETHYLENE     OR     IsOSTILBENB  :      H3CZZC(CjH5)2. 

This  isomeride  of  stilbene,  discovered  by  Hepp  {Und.  vii. 
1409),  is  very  readily  prepared  by  boiling  j3-diphenylmono- 
chlorethane  (p.  363),  CHgCl.CH(CjH5)g,  with  an  alcoholic  solu- 
tion of  potassic  hydrate.  It  is  a  colourless  strongly  refracting 
oil,  which  boils  at  277°  (530^'^  P-)*  *^d  ^7  oxidation  yields 
benzophenone,  C0(CjH5)j.  Its  behaviour  with  bromine  is 
characteristic.  In  solution  in  carbonic  bisulphide  the  two  unite, 
doubtless  to  form  /3-diphenyldibromethane,  CH2Br.CBr(CgH5)g, 
but  after  a  short  time  hydrobromic  acid  is  evolved,  and  /3-diphenyl- 
monobromethylene,  CHBrZZC(CjH5)g,  is  obtained.  This  crystal- 
lizes in  large  prisms,  which  melt  at  50^  (122^  F.) ;  it  does  not 
combine  with  bromine^  and  is  scarcely  affected  by  oxidizing 
agents. 

A  P-Di2>henyldichloreih2/lene,CC\;iZC[CJIX*  identical  with  that  formed  by 
the  action  of  alkalies  on  0-diphenyltrichlorethane  (p.  362),  or  by  distilling  the 
latter,  is  obtained  by  chlorinating  well  cooled  /3-diphenylethylAne  (Hepp) ;  it  is 
a  crystalline  substance,  which  melts  at  80**  (176"  F.).  An  isomeric  body, 
CHjIzC(C,H^Cl),,  is  produced  by  distilling  the  j3-dimonochlorophenylmonochlor- 
ethane,  prepared  by  Baeyer's  process  from  monochloraldehyde  and  chlorobenzene ; 
it  is  a  colourless  oil, boiling  at  280**— 285°  (536®-— 545°  P.)  (Hepp).  ^Diphenyl- 
dibromeihylene,  CBr,Ii:C(C,HJj,  obtained  by  the  action  of  alkalies  on  jS-diphenyl- 
tribromethane  (p.  362),  is  a  crjBtalline  substance  which  melts  at  83°  (i8i^'4F.); 
it  does  not  combine  with  bromine  even  when  heated  with  it  to  140*^  (284^  F.) 
(Goldschmidt,  ibid.Tl  987). 

(1384)  Htdbocabbons  :  Cj^H,^=i8o. — DihydroaiUhracene :  C,^Hjj,  is 
formed  by  boiling  an  alcoholic  solution  of  anthracene  with  sodium  amalgam,  or 
by  heating  anthracene  with  hydriodic  acid  solution  to  1 50^  (302°  F.)  for  ten 
hours.  It  crystallizes  in  monoclinic  plates  very  similar  to  naphthalene  in 
appearance,  which  melt  at  106®  (222®'8  F.);  it  boils  at  305®  (581®  F.).  Di- 
hydroanthraoeneis  reconverted  into  anthracene  by  boiling  with  sulphuric  scid  or  by 
passing  its  vapour  through  a  red-hot  tube  (Gnebe  and  Liebermann,  Ann.  Chem, 
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Pharm.  Sappl. ,  vii.  2  6  5 ) .  It  is  very  readily  oxidized  and  converted  into  an thraqni- 
none,  C^^HgO,,  and  on  treatment  with  bromine  it  yields  dibromanthraoenefC^^H^Br^. 

(1385)  H0MOL00UE8  OF  Stilbene. — The  j3-diphenylmonochlor- 
ethane  prepared  by  Baeyer's  process  from  monochloraldehyde 
and  benzene  (p.  362),  it  will  be  remembered,  is  converted  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  into  ]3-diphenyi. 
ethylene  or  isostilbene,  thus  : 

CH2Cl.CH(C^Hg),  +  KHO  =  CH  — C(C,HJ3  +  KCl  +  OH,. 

In  this  compound  both  C^Hg  groups  must  be  supposed  to  be  at- 
tached to  the  same  carbon  atom,  since  it  yields  benzophenone, 
CO(CgH5)2,  when  oxidized.  But  by  splitting  off  the  elements 
of  hydrochloric  acid,  by  submitting  the  compound  to  dry  distilla- 
tion instead  of  to  the  action  of  an  alkali,  a-diphenylethylene  or 
stilbene  is  formed,  so  that  in  this  case  a  remarkable  isomeric 
change  takes  place,  for  its  behaviour  on  oxidation  shows  that  the 
two  CgHj  groups  in  stilbene  are  attached  to  different  carbon 
atoms  : 

CH,C1.CH(C,H5)8  =  CeHj.CH— CH.C3H5  +  HCl. 

"When  the  homologues  of  j3-diphenylmonochlorethane,  prepared 
from  the  homologues  of  benzene  and  monochloraldehyde,  are 
similarly  treated,  they  furnish  a  series  of  homologues  of 
isostilbene,  but  all  do  not  yield  homologues  of  stilbene. 
Thus  the  chlorinated  hydrocarbons  prepared  with  the  aid  of 
toluene  and  ethylbenzene  are  entirely  converted  into  dimethyl - 
and  diethylstilbene  on  distillation,  but  paraxylene,  CgH^  (CHg),, 
and    monochloraldehyde    furnish    a     chlorinated    hydrocarbon, 

CHjCl.CH^^„*J^„Y,  which  yields  a  mixture  of  a  tetrame- 

thylstilbene  melting  at  I57°(3i4°'6  P.)  and  a  liquid  tetramethyl- 
isostilbene;  the  same  is  the  case  with  that  derived  from  me- 
taxylene.  The  chlorinated  hydrocarbon  obtained  from  mesity- 
lene,  however,  appears  to  yield  only  the  isostilbene  homologue  on 
distillation;  and  it  has  already  been  pointed  out  that  the  chlorinated 
hydrocarbon  from  monochloraldehyde  and  chlorobenzene  does 
not  yield  a  stilbene,  but  an  isostilbene  derivative  on  diBtillation 
(Hepp,  toe.  cit,). 

The  methylated  homologues  of  stilbene  all  form  additive 
compounds  with  bromine,  and  hydrobromic  acid  is  not  evolved 
when  they  are  brought  in  contact  with  bromine  in  carbonic 
bisulphide  solution.  When,  however,  bromine  is  added  to  solu- 
tions of  the  homologuea  of  isostilbene  in  carbonic   bisulphide^ 
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althougb  at  first  the  bromine  enters  into  union  with  the  hydro- 
carbons, hydrobromic  acid  is  very  soon  evolved,  and  substitution 
derivatives  are  obtained. 

The  homologues  of  stilbene  and  isostilbene  are  also  charac- 
terized and  distinguished  by  their  behaviour  on  oxidation.  Thus 
dimethylstilbene,  CgH/CH8).HClzCH.CgH^(CH3),  yields  para- 
tohdc  acid,  CgH^(CH8).C00H,  on  oxidation  with  nitric  acid, 
and  terephthalic  add,  C^JS^OOYL)^  when  submitted  to  the 
action  of  chromic  acid  mixture;  whilst  dimethylisostilbene, 
HaCzzqCgH^.CHj)  jj,  is  converted  intorfi/o/y/^6/one,CO(C^H4.CH^^ 
Diethylstilbene  also  yields  terephthalic  acid.  On  oxidizing  the 
tetramethylstilbene  prepared  with  the  aid  of  metaxylene,  xylic  acid, 
(p.  288)  C,H3(CH3),.COOH  (COOH  :  CH^  :  CH3  =  x  :  2  :  4)  is 
produced. 

Dicinnamene  or  THstyrolene :  Cj,H„.— By  heating  cinnamene,  CgH,,  with 
hydrochloric  acid  to  170°  (338°  F.),  it  is  converted  into  an  oily  liquid  which  is 
not  reconverted  into  cinnamene  on  distillation,  bat  unites  with  bromine  to  form 
the  compound  Cj^Hj^Br^  (Erlenmeyer,  Ann.  Ckem,  Pharm,,  cxxxv.  122). 
A  polymeride  of  cinnamene  to  which  Engler  and  Leist  (Beut.  chem. 
Gei.  -Bcr„  vi.  256)  assign  the  formula  Cj^H^^  is  formed  in  considerable  quantity 
when  calcic  cinnamate  is  submitted  to  destructive  distillation.  It  crystallizes  in 
plates  which  melt  at  1 1 7°  (242°-6  F.). 

HexahifdropyreTie :  C^^H^^. — Pyrene  is  not  acted  on  by  sodium  amalgam,  but 
when  heated  with  hydriodic  acid  and  amorphous  phosphorus  to  about  200** 
(393^  F.)  it  takes  up  hydrogen  and  is  converted  into  a  mixture  of  hydrides, 
from  which  the  hydrocarbon  O^^H^,  may  be  extracted  by  careful  fractional  crys- 
tallization from  alcohol.  It  forms  colourless  needles  or  prisms,  which  melt  at 
127^  (260^*6  F.).  At  a  red  heat  it  is  resolved  into  pyrene  and  hydrogen 
(Gr»be«  Ann,  Ckem.  Pharm,,  dviii.  285). 


Appendix  to  (1363). — A  homologue  of  phenylacetylene  has  recently  been 
prepared  by  Morgan  (Jotim,  Ghent..  80c,,  1876,  vol.  i.  p.  162)  by  heating 
sodium  phenylacetylene  with  ethylic  iodide  in  sealed  tubes  to  120** — 140** 
(248°--284°  F.).  Mh^lphewflacetylene,  C,H,.C=C.CjH,,  is  a  colourless 
highly  refractive  liquid,  which  boils  at  about  202°  (39S°'6  F.);  it  combines 
immediately  with  bromine,  and  also  with  hydrobromic  acid  when  heated  with  a 
saturated  solution  for  a  few  hours  at  150°  (302°  F.).  In  his  paper  Morgan 
states  that  a  very  poor  yield  of  phenylacetylene  is  obtained  by  heating  phenyl- 
dichlorethane  with  potassic  hydrate,  but  that  a  fair  amount  of  the  hydrocarbon 
is  produced  by  distilling  it  through  a  glass  tube  containing  soda-lime,  and  heated 
a  little  below  redness ;  this  observation  is  of  interest  as  it  serves  to  explain  the 
discrepancy  pointed  out  in  the  foot  note,  p.  344. 

App£N dix  to  ( 1 3  7  7 ). — Methyldiphenyl otparatolylphenyl:  C^H^.C^H^.CHj, 
the  iaomeride  of  diphenylmethane,  is  the  product  of  the  action  of  sodium 
on  a  mixture  of  broraobenzene  and  parabromotoluene  (Carnelly,  ibid,  p.  13). 
It  is  a  colourless  refractive  liquid,  which  boils  at  about  265°  (509°  F.) ;  it 
becomes  solid  in  a  freezing  mixture,  aud  melts  at  about  -  2°  (28^'4  F.).  Y/hen 
oxidized,  it  is  converted  into  paraphenylbenzoic  acid,  C^H^.C^H^.COOH.  It  fur- 
nishes two  isomeric  monouitro-derivatives  on  nitration. 

8  B  B  n        \ 
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§  XI.  Hydrocarbons  of  the  CqH2ii-.i8  or  Anthracene  Series. 

(1386)  The  most  important  member  of  the  series  is  that 
which  gives  it  its  name — viz.,  anthracene.  At  present  the  series 
includes  the  following  hydrocarbons  : 


M.P.oC. 

B.P.»& 

H 

y^K 

Anthracene  .... 

H.C.^  1    \C.H, 

H 
C.H^.CH 

"3° 

360' 

C„H„^ 

PhenaniliTeDe    .     .     . 

1        II 
C.H,.CH 
CC.H. 

96° 

340° 

Tolane 

Ill 

6o' 



\ 

C.C.H. 

C„H„    Methylanthracene  .     . 

C.C.H,.CH. 

200° 

— 

( Dimethyltolane  .     .     . 

Ill 

136° 



C„H,^ 

C.C.H,.CH, 

(  Dimethylanthncene  (P) 

200° 



C„H„     Betene 

— 

— 

There  are  no  general  methods  for  the  formation  of  hydrocarbons 
of  this  series,  but  tolane  and  its  homologues  may  be  prepared 
from  stilbene  and  its  homologues  by  combining  them  with  a 
molecule  of  bromine  and  eliminating  hydrobromic  acid  by  acting 
on  the  product  with  an  alkaline  hydrate ;  thus : 

stilbene  dibromida.  Tolane. 


(1387)  Anthracene:  Cj^H^q  =  178.  —  This  hydrocarbon, 
which  was  formerly  called  Paranaphthalene,  was  discovered  in  1832 
by  Dumas  and  Laurent  amongst  the  products  of  the  destructive 
distillation  of  coal,  and  was  subsequently  examined  by  Laurent^ 
by  Fritzsche,  and  by  Anderson ;  Fritzsche's  photene  being  really 
pure  anthracene.  Since  Graebe  and  Liebermann's  discovery  that 
alizarin  was  an  anthracene  derivative,  it  has  attracted  the  atten- 
tion of  chemists,  and  has  been  the  subject  of  numerous  and  ex> 
tended  investigations. 
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Anthracene  besides  being  obtained  from  coal-tar^  is  formed  in 
a  great  yariety  of  reactions  taking  place  at  high  temperatures.  Thus 
it  is  obtained  when  a  mixture  of  ethylene  with  benzene^  diphenyl^ 
or  durysene,  ^is^u'  ^'  ^^  benzene  with  cinnamene  or  naphtha- 
lene^ is  passed  through  a  red-hot  tube  (Berthelot) ;  anthracene 
is  not  the  only  product  of  these  reactions^  however. 

When  the  benzyltoluene  prepared  by  Zincke's  method  is 
passed  over  heated  plumbic  oxide^  it  yields  anthracene  in  consi- 
derable quantity^  bat  since  it  cannot  be  obtained  from  pure  para- 
benzyltoluene,  which  is  not  altered  by  a  red-heat  (p.  362),  there 
is  no  doubt  that  it  is  formed  from  the  /3-  or  orthobenzyltoluene. 
which  accompanies  the  former  in  the  product  of  the  action  of 
zinc  on  a  mixture  of  toluene  and  benzylic  chloride.  The  liquid 
or  /3-tolylphenylketone,  formed  together  with  a-  or  paratolyl- 
phenylketone  by  oxidizing  crude  benzyltoluene,  also  furnishes 
anthracene  when  passed  over  heated  zinc  dust  (Behr  and  Dorp, 
Deut.  chem.  Ges.  Ber.,  v.  1070 ;  vi.  754 ;  vii.  16)  : 

Orthobeni^Itolatne.        AnthiMene. 

Ci^H„0   +   Zn  =  Ci^Hjo  +  ZnO   +   H,. 

Orthotolylphenylketone.  Anthracene. 

The  formation  of  anthracene  which  takes  place  when  toluene  is 
passed  through  a  red-hot  tube,  or  over  heated  plumbic  oxide,  is 
doubtless  due  to  the  production  of  benzyltoluene:  aC^Hg  = 
Cj^H|^  +  Hy  which  by  further  loss  of  hydrogen  is  converted 
into  anthracene  (Dorp,  ibid.  v.  1072). 

When  alizarin  is  distilled  with  zinc  dust,  which  is  a  mixture 
of  zinc,  zincic  oxide,  and  zincic  hydrate,  it  is  converted  into 
anthracene,  the  necessary  hydrogen  being  probably  derived  from 
the  zincic  hydrate  (Qrsebe  and  Liebermann,  ibid.  i.  49)  : 

CuHgO^  +  4Zn  +   H3  =   C^^Hjo  +  4ZnO. 

Aliuiin.  Anthracene. 

Purpurin  and  the  so-called  rufigallic  and  frangulic  acids  also 
yield  anthracene  when  thus  treated. 

Lastly,  anthracene  is  amongst  the  substances  isolated  by  dis- 
tillation from  the  product  of  the  action  of  zinc  on  a  mixture  of 
toluene  and  benzylic  chloride  (Weber  and  Zincke,  ibid,  vii.  1153), 
and  it  is  also  obtained  together  with  benzyltoluene  and  substances 
of  very  high  boiling-point  when  benzylic  chloride  is  heated 
with  water  in  sealed  tubes  to  200°  (392°  F.),  and  ^^©(^^^^P 
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distilled  (Limpricht,  Ann,  Chem.  Pharm.,  cxxix.  303  ;  Dorp,  Deut. 
chem.  Ges.  Ber.,  v.  1070 ;  Zincke,  ibid.  vii.  276). 

In  neither  of  these  cases  is  anthracene  a  direct  prodnct,  bnt  it  is  formed  by 
the  splitting  up  of  more  complex  hydrocarbons  under  the  influence  of  heat. 
When  a  mixture  of  toluene  and  benzjlic  chloride  is  heated  with  zinc,  a  number 
of  benzyltoluenes  are  produced  {mq  benzyl-  and  dibenzyltoluene),  one  or  more 
C^Hj.CH,  groups  being  introduced  in  place  of  hydrogen  in  the  C^H^  group  of 
toluene.  In  the  formation  of  these  bodies,  both  the  toluene  and  the  benzylic 
chloride  take  part,  but  a  second  set  of  hydrocarbons  of  the  composition  nC^H, 
(Zincke,  Ann,  Chem.  Pkarm.,  clix.  368)  are  formed  from  the  benzylio  chloride 
alone,  and  are  the  result  of  the  removal  of  n  molecules  of  hydrochloric  acid  from 
n  molecules  of  benzylic  chloride ;  these  subtttances,  however,  are  decomposed  on 
distillation,  yielding  anthracene  and  other  products,  and  there  is  reason  to  believe 
that  anthracene  is  not  pre^(ent  in  coal-tar,  but  that  it  is  in  a  similar  manner 
formed  on  distilling  the  tar  by  the  decomposition  of  more  complex  hydrocarbons 
(Zincke).  When  benzylic  chloride  is  heated  with  water,  the  first  action  which  takes 
place  is  that  represented  by  the  equation : 

C,H,.CH,C1  +  C.H,.CH,a  =  HCl  +  C,H,.CH,.C,H,.CH,CL 

The  product  of  this  reaction  may  then  either  lose  HCl,  or  may  react  upon  another 
molecule  of  benzylic  chloride,  forming  the  chloride  Cj^Hj^Cl,  which  in  turn  may 
undergo  alteration  in  a  similar  manner.  In  this  way,  hydrocarbons  of  the  com- 
position «C,H^,  and  chlorinated  compounds,  such  as  C^^Hj^Cl,  C^jH^^Cl,  C^^Hj^Cl, 
<Stc.,  may  be  produced,  and  by  the  action  of  water  on  the  latter,  small  quantities 
of  oxygenated  bodies  are  also  formed,  the  molecular  weights  of  the  products 
being  greater  the  longer  the  heating  is  continued.  The  product  of  the  action  of 
water  on  benzylic  chloride  is  therefore  extremely  complex  :  it  does  not  contain 
beuzyltoluene  nor  anthracene,  however ;  but  on  submitting  it  to  distillation, 
water,  hydrochloric  acid,  benzylic  chloride,  beuzyltoluene,  and  viscid  hydrocarbons 
— which  on  further  heating  yield  anthracene  and  toluene — are  obtained. 

Anthracene  is  now  manufactured  on  a  large  scale  from  the 
higher  boiling  portions  obtained  in  the  distillation  of  coal-tar, 
which  when  allowed  to  stand  for  some  time  at  a  low  tempera- 
ture deposit  the  impure  substance  in  the  solid  state.  It  is 
freed  from  the  liquid  portions  by  means  of  a  centrifugal 
machine  and  hydraulic  pressure,  and  purified  by  repeated  treat- 
ment with  boiling  petroleum  or  light  coal  oil,  or  by  sublima- 
tion in  a  current  of  air,  or  of  superheated  steam.  It  still,  how- 
ever, retains  small  quantities  of  impurities  which  may  be 
removed  by  exposing  it  to  sunshine  until  colourless,  and  then 
boiling  it  with  an  alcoholic  solution  of  trinitrophenol  or  picric 
acid  to  remove  traces  of  a  more  soluble  hydrocarbon  of  higher 
boiling-point.  It  should  finally  be  crystallized  from  boiling 
alcohol.  This  method  has  the  disadvantage,  however,  that  by  the 
exposure  to  light  small  quantities  of  paranthracene  are  produced. 
Perkin  {private  communication)  recommends  the  following  mode 
of  treatment.     Crude  anthracene  is  first  thoroughly  washed  pith 

Digitized  by  LjOOQIC 


1388.]  ANTHRACENE.  873 

petroleum  spirit  and  dried.  It  is  then  distilled  with  about  one- 
third  of  its  weight  of  solid  potassic  hydrate;  this  combines 
with  the  carbazolj  and  also  causes  many  of  the  impurities  to 
carbonize.  The  distilled  product  is  then  ground  up  with 
several  times  its  bulk  of  carbonic  bisulphide,  thrown  on  a  filter, 
and  washed  with  fresh  bisulphide ;  it  is  then  dried  and  crystal- 
lized two  or  three  times  from  benzene.  The  first  half  of  the 
distiUate  generally  yields  the  best  product  to  work  with,  as  it  is 
more  readily  purified  than  the  latter  portions. 

When  quite  pure,  anthracene  crystallizes  in  colourless,  well 
defined,  monoclinic  plates,  which  exhibit  a  beautiful  violet  fluore- 
scence. It  melts  at  213°  (4i5°'4  F.)^  *^d  distils  unchanged  at 
about  360®  (680°  F.).  It  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  more  readily  in  benzene.  When  it  is  dissolved  to- 
gether with  trinitrophenol  in  boiling  benzene,  deep  ruby-red 
crystals  of  the  compound  Cj^Hj^  -f  C^H2(NOg)3.0H,  are  formed ; 
this  is  decomposed  into  its  components  by  water  and  alcohol. 

Oxidizing  agents  convert  anthracene  into  anthraquinone, 
C^^HgOj^  whilst  hydriodic  acid  produces  dihydroanthracene,  C^^H^^ 
(r384)  and  hexahydroanthracene  Cj^Hig  (137a) ;  or  at  280^(536°  P.), 
if  the  acid  is  very  concentrated  and  in  large  excess,  various  mem- 
bers of  the  paraffin  series  are  obtained,  amongst  which  are  tetra- 
decane,  heptane,  hexane,  and  ethane,  also  benzene  and  toluene 
(Berthelot). 

By  the  action  of  nitric  acid,  anthracene  is  converted  into 
anthraquinone  and  nitro-derivatives  of  the  latter,  and  all  at- 
tempts to  obtain  nitro-derivatives  of  anthracene  have  been  un- 
successful (Schmidt,  Jaum.  pr.  Chem.  [2],  ix.  241).  By  careful 
treatment  with  sulphuric  acid  it  may  be  made  to  furnish  a  mix- 
ture of  two  isomeric  anthracenesulphonic  acids,  C^^H^.SO^H 
(Linke,  ibid.  [2],  xi.  222) ;  but  there  is  a  great  tendency  to  form 
viscid  carbonized  products. 

(1388)  Action  of  Chlorine  and  Bromine  on  Anthracene, — The 
first  action  of  these  halogens  on  anthracene  is  to  form  additive 
compounds,  which,  however,  are  very  easily  resolved  into  haloid  acid 
and  haloid  substitution  derivatives ;  the  bromine  compounds,  in 
fact,  are  so  unstable  that  they  cannot  be  isolated.  The  haloid 
derivatives  combine  with  the  halogens  forming  comparatively  stable 
bodies,  but  at  most  four  atoms  of  halogen  unite  with  a  molecule 
of  the  haloid  derivative. 

Anthracene  dichlaride,  C,^H,^C1,,  is  formed  when  cWorin©  is  slowly  passed 
oyer  anthracene  for  not  too  long  a  time ;  hy  heating,  or  hy  the  action  of  an 
alcoholic  solation  of  potassic  hydrate,  it  is  converted  into  monochlorantkracene, 
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Cj^H^Cl  (Anderson) ;  littie  is  known  of  either  of  tbese  bodies.  Dichlaranthra- 
e&ne,  Cj^H^Cl,,  is  prepared  by  heating  the  hydrocarbon  at  100"  (212°  P.)  in 
chlorine,  or, according  to  Perkin  {Joum,  Chem.  Soc.,t.j\y,  14),  by  passing  chlorine 
over  benzene  holding  in  solntion  about  one- fifth  of  its  weight  of  anthracene 
until  the  mass  becomes  pasty.  The  crude  product  is  pressed,  distilled,  and  then 
repeatedly  crystallized  from  benzene.  It  forms  golden-yellow  scales  which  melt 
at  205°  (401°  F.),  and  are  sparingly  soluble  in  oloohol  or  ether,  but  easily  in 
benzene;  on  oxidation  it  yields  anthraquinone.  Tetrachioranthracene,  Cj^H^Cl^, 
forms  stellate  groups  of  golden-yellow  needles,  which  melt  at  220**  (428°  F.). 
It  is  prepared  by  passing  chlorine  over  anthracene  heated  to  about  180°  (356°  F.)f 
treating  the  resulting  compound  (doubtless  dichloranthracene  tetrachloride, 
Cj^HgCl^)  with  an  alcoholic  solution  of  potassic  hydrate,  and  crystallizing  the 
product  from  benzene.  It  yields  dichloranthraquinone  when  oxidized  (Grebe 
and  Liebermann,  Ann,  Chem.  Pkarm.  Suppl.,  vii.  283). 

Monohromanthracene  has  not  been  obtained.  When  bromine  is  added  to  a 
solution  of  anthracene  in  carbonic  bisulphide,  however  small  the  quantity  of 
bromine  taken,  dibromanthracene  is  always  produced  ;  more  or  less  anthracene 
remaining  unaltered.  Dibromanikracene,  Cj^H^Br,,  forms  golden-yellow  needlos, 
which  melt  at  221^  (429^*8  F.) ;  when  it  is  heated  with  an  alcoholic  solution  of 
potassic  hydrate  to  170**  (338°  F.)  it  is  reconverted  into  anthracene;  oxidizing 
agents  transform  it  into  anthraquinone.  Bromine  is  without  action  on  dibrom- 
anthracene dissolved  in  carbonic  bisulphide,  but  when  the  dry  substance  is  placed 
under  a  bell  jar  with  an  open  vessel  containing  bromine,  it  is  converted  into 
Dibromanthracene  teirabromide,  C^^H^Br^.  This  crystallizes  in  thick  colourless 
plates,  slightly  soluble  in  alcohol  and  ether,  more  readily  in  boiling  benzene.  It 
melts  between  170**  and  180**  (338**  and  356®  F.)i  but  is  decomposed  and  con- 
verted into  tribramanthracene,  Cj^H^Br^,  hydrobromic  acid  and  bromine ;  by 
heating  with  an  alcoholic  solution  of  potassic  hydrate,  however,  it  furnishes 
tetrabromanthracene,  O^fifiv^.  Tribromanthracene  crystallizes  in  yellow 
needles,  melting  at  169®  (33  6°' 2  F.),  whilst  tetrabromanthracene,  which  closely 
resembles  it,  melts  at  254°  (489*** 2  F.).  Tribromanthracene  is  easily  soluble  in 
benzene,  which  dissolves  di-  and  tetrabromanthracene  with  difficulty ;  it  forms  a 
tetrabromide  with  bromine,  Q^fi^Hr^.  When  oxidized,  tribromanthracene  yields 
bromanthraquinone,  and  tetrabromanthracene  is  converted  into  dibromanthraqui- 
none  (Gr«be  and  Liebermann,  loc.  cit,,  274-282). 

(1389)  Constitution  of  Anthracene  and  its  Derivatives, — ^The 
following  symbol  is  that  which  best  enables  us  to  represent  the 
formation  of  anthracene  and  its  behaviour  under  various  circum- 
stances^ that  of  anthraquinone  being  also  given  since  it  is  im- 
possible to  discuss  the  constitution  of  anthracene  without  consi- 
dering that  of  anthraquinone : 

H  H  H  H 

HC  C— C— C  CH  HC  C— C— C  CH 

II    1 1 1    I     I    1   I    I 

HC  C— C— 0  CH  HC  C—C— C  CH 

\/  "  \/     \/ 1  \/ 

H  H  H  H 

Anthracene.  Anthnqolnoae. 
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Anthracene^  it  will  be  seen,  is  represented  as  formed  from  two 
benzene  molecules,  which  are  not  directly  united  but  are  linked 
together  as  it  were  by  two  atoms  of  carbon ;  each  of  the  latter 
being  united  to  the  other  by  one  of  its  affinities,  as  well  as  to  an 
atom  of  hydrogen,  and  by  the  two  remaining  affinities  to  each  of 
the  C^  groups.  The  tetrad  C^Hg  group  which  thus  links  together 
the  two  Cf  groups  is  represented  as  displacing  two  atoms  of  hydro- 
gen in  ectch  molecule  of  benzene  which  are  in  the  orthoposition 
relatively  to  each  other,  for  it  will  be  remembered,  anthracene  is 
not  obtained  from  parabenzyltoluene  (p.  362),  but  from  the 
isomeride  formed  together  with  it,  which  there  is  good  reason 
to  believe  is  orMobenzyltoluene.  Although,  however,  its  for- 
mation from  orthobenzyltoluene  proves  that  in  the  one  C^ 
group  two  atoms  of  hydrogen  are  displaced  which  are  in  the 
ortho-position  relatively  to  each  other,  it  does  not  in  any  way 
necessitate  the  assumption  that  this  is  the  case  with  regard  to  the 
second  C^  group,  nor  is  there  any  evidence  at  present  to  prove 
this ;  analogy  alone  leads  us  to  believe  that  in  all  probability  it 
is  so. 

In  the  conversion  of  anthracene  into  anthraquinone,  the  two 
atoms  of  carbon  which  link  together  the  two  C^  groups  become 
disunited,  and  each  combines  by  two  of  its  affinities  with  an 
atom  of  oxygen.  That  these  two  central  atoms  of  carbon,  as 
they  may  be  termed,  are  affected,  is  proved  by  the  formation  of 
anthraquinone  when  a  mixture  of  phthalic  chloride  and  benzene 
is  heated  with  metallic  zinc  (Piccard,  Deut.  chem,  Ges.  Ber,, 
vii.  1785) 

CO 
CO 

Phfthalic  chloride.  AnthraqaiDone. 


^•^*|coci  +  ^«"«  =  *H^^  +  ^•"* 


C,H^; 


and  by  the  formatiob  of  phtbalic  acid  in  large  quantity  wben 
anthraqninone  is  heated  with  sulphnric  acid  to  270°  (518°  F.),  the 
reaction  being  probably  represented  by  the  equation  (Weith  and 
Bindschedler,  ibid.  vii.  1106)  : 


CO 


(OH       „„fCOOH 


^•^*(cor«^*  "^  *^°4oH  ""  ^»^^4cOOH  "•"  ^«"* 


SOjOH 
SOjOH* 

AnthnqoinoDe.  Sulphnric  add.  Phthalic  add.  Benzenedisalphonio 

add. 

Anthraquinone  is  also  obtained  when  j3-  or  orMotolylphenylketone 
(orthobenzoyltoluene)  is  oxidized  (Behr  and  Dorp,tWrf.  vii.  i8) : 
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C,H,.CHg  C,H,.CO 

I  +  3O  =    I         I      +  aOHr 

CO.H^Cj  CO.H^C, 

Orthobenaoyltolttene.  AnthriqoiDone. 

The  proof  derived  from  the  formation  of  phthalic  acid  from 
anthraquinone,  and  vice  versd,  that  the  two  CO  groups  in  an- 
thraquinone-  are  associated  in  the  one  C^  group  with  conti- 
guous carbon  atoms  may  be  regarded  also  as  proof  that  the 
benzyltoluene  formed  together  with  parabenzyltoluene,  and  the 
ketone  into  which  it  is  converted  on  oxidation^  are  really  ortko- 
di-derivatives  of  benzene. 

It  has  been  stated  above  that  dichlor-  and  dibromanthracene 
furnish  anthraquinone  on  oxidation ;  it  therefore  follows  that 
the  first  action  of  the  halogens  on  anthracene  is  to  displace 
the  atoms  of  hydrogen  associated  with  the  two  central  carbon 
atoms.  When  tetrachlor-  and  tetrabromanthracene  are  oxidized^ 
however,  dichlor-  and  dibromanthraquinone  are  produced ;  the 
latter  is  also  formed  by  heating  anthraquinone  with  bromine, 
and  when  it  is  fused  with  potassic  hydrate  it  is  converted  into 
dioxyanthraquinone  or  alizarin : 

Ci^H^BrgO^  +   2KHO   =   C^Jl^{Oli)fi^  +    2KBr. 

Dibromanthnqainone.  Alizarin. 

Admitting  that  the  two  atoms  of  bromine  are  directly  displaced, 
and  that  the  CO  groups  in  anthraquinone  are  associated  in  both 
Cg  groups  with  contiguous  carbon  atoms,  this  result  enables  us 
also  to  infer  the  nature  of  tetrabromanthracene :  for  Baeyer 
and  Caro  have  shown  that  alizarin  is  produced  by  the  action  of 
phthalic  anhydride  on  the  orttodioxybenzene,  pyrocaieckin, 
CgH^  (OH)j,  in  presence  of  sulphuric  acid,  and  that  in  a  similar 
manner  chinizarin,  which  is  an  isomeride  of  alizarin,  may  be 
produced  from  the  paradioxybenzene,  hydroguinone  {ibid,  vii.  97a). 
The  only  formulae  which  can  therefore  be  assigned  to  chinizarin 
und  alizarin  are  those  represented  by  the  following  symbols  : 

H  OH  H  OH 

HO  C— C— C  COH  HC  C— C— C  CH 

i     I    (      II       II     I     I      II 

HO  C— 0— 0  OH  HO  0—0—0  OH 


OH 

GhixuzAxiEL 
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But  since  the  bromine  atoms  in  dibromanthraquinone  occupy 
the  same  position  as  the  OH  groups  in  alizarin  it  follows  that 
two  of  the  bromine  atoms  in  tetrabromanthracene  displace 
hydrogen  atoms  attached  to  the  two  central  carbon  atoms^ 
whilst  the  remaining  two  displace  hydrogen  atoms  in  the  ortho- 
position  relatively  to  each  other  in  one  of  the  Cg  groups. 

(1390)  Faranthracene  :  C^^Hiq. — Pritzsche  discovered  that 
light  has  a  most  remarkable  influence  upon  anthracene.  When 
a  cold  saturated  solution  in  benzene  is  exposed  to  sunlight^  small 
microscopic  plates  crystallize  out,  which  have  the  same  composi- 
tion as  anthracene,  but  very  different  properties.  Paranthracene 
is  not  only  very  sparingly  soluble,  but  melts  at  244°  (471^*2  P.), 
or  30°  higher  than  anthracene ;  it  is  reconverted  into  anthracene 
when  fused,  however.  It  crystallizes  in  small  prismatic  crystals, 
very  different  from  the  plates  in  which  anthracene  is  obtained. 
It  does  not  combine  with  trinitrophenol,  neither  is  it  attacked  by 
bromine  nor  boiling  concentrated  nitric  acid ;  but  by  the  action 
of  warm  fuming  nitric  acid  it  is  converted  into  anthraquinone. 
It  also  furnishes  anthraquinone  on  oxidation  by  chromic  acid 
(Schmidt,  Joum.pr.  Chem,  [2],  ix.  247). 

(1391)  Phenanthrenb  :  C^^Hj^. — This  hydrocarbon  is 
isomeric  with  anthracene,  and,  like  it,  is  found  in  the  higher 
boiling  portions  of  coal  oil.  It  was  discovered  by  Glaser  {Deut. 
chem,  Ges.  Ber,,  v.  861)  in  crude  anthracene^  and  subsequently 
examined  by  Gr»be  {Ann.  Chem.  Pharm.,  clxvii.  131),  whilst  it 
was  observed  almost  at  the  same  time  by  Ostermayer  and  Pittig 
(Deut,  chem.   Ges.  Ber.,  v.  933,  and  Ann.   Chem.  Pharm.,  clxvi. 

361)- 

Fhenanthrene  not  only  exists  in  coal  tar,  but  has  also  been 
formed  synthetically  by  passing  the  vapour  of  stilbene  through  a 
red-hot  tube  (Graebe)  :  C^fi^:=C^Ji^Q'\'H^;  very  little  hydrogen 
is  evolved,  however^  but  by  its  action  on  a  portion  of  the  stilbene 
toluene  is  produced:  Ci4Hi3+2H3=2C7Hg.  In  like  manner, 
when  the  vapour  of  dibenzyl,  Cj^Hj^  is  heated  to  redness,  stilbene 
is  first  formed,  and  in  part  converted  into  phenanthrene ;  and  it 
may  even  be  produced  in  this  way  from  toluene  (p.  366),  which 
doubtless  furnishes  in  succession  dibenzyl  and  stilbene  before  it 
yields  phenanthrene.  According  to  Barbier  {Detit.  chem.  Ges. 
Ber.y  vii.  1444),  when  a  mixture  of  diphenyl  and  ethylene,  or  of 
benzene  and  cinnamene  is  heated  to  redness,  phenanthrene  is 
produced. 

'        Fhenanthrene  may  be  prepared  from  crude  anthracene  by 
distilling  it  and  collecting  apart  the  portion  which  comes  over 
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between  310°  and  350°  (608°  and  662^  F.).  Repeated  crystal- 
lizations from  alcobol,  rejecting  the  less  soluble  portions^  sufiSce  to 
purify  it  (Ostermayer,  ibid.  ^yH,  T090);  or,  as  suggested  by 
Schmidt  {ibid.  vii.  205),  it  may  be  dissolyed  in  hot  alcohol  of 
85  per  cent.,  and  treated  with  nitric  acid,  whereby  the  anthracene 
is  converted  into  anthraquinone  and  dinitroanthraquinone,  which 
form  a  resinous  cake,  whilst  the  clear  solution  solidifies  on  cooling 
to  a  mass  of  crystals  of  phenanthrene.  This  may  be  readily  purified 
by  crystallizing  it  from  dilute  alcohol.  The  crude  material  may 
also  be  purified  by  dissolving  it  in  hot  coal-oil  boiling  at  100° — 
140°  (a  1 2° — 284°  F.),  together  with  ij  times  its  weight  of  tri- 
nitrophenol  or  picric  acid  (Graebe).  On  cooling,  the  compound 
with  trinitrophenol,  Ci^HiQ-fCjHg(N02)30H  is  deposited  in  long 
yellow  needles,  melting  at  145°  (293°  F.) ;  it  is  readily  decom- 
posed with  liberation  of  the  hydrocarbon  when  boiled  with  alkaline 
solutions,  but  not  by  boiling  with  alcohol. 

Pure  phenanthrene  crystallizes  in  colourless  plates,  which 
have  a  slight  blue  fluorescence,  and  are  readily  soluble  in  ether, 
benzene,  carbonic  bisulphide,  and  hot  alcohol,  crystallizing  out 
from  the  latter  in  great  part  on  cooling.  It  boils  at  340* 
(644°  F.),  and,  according  to  Ostermayer,  melts  at  96°  (204°-8  F.) ; 
Fittig,  Ostermayer,  and  Grsebe  mention  about  100°  (212°  F.)  as 
the  melting  point,  however. 

By  heating  with  hydriodic  acid,  phenanthrene  is  converted  into 
phenanthrenetetrahydride  (1378).  Phenanthrene  is  less  readily 
oxidized  than  anthracene,  and  is  converted  into  phenanihraquinone, 
Cj^HgOg,  which  is  isomeric  with  anthraquinone,  but  readily 
distinguished  from  it  by  forming  compounds  with  the  acid  sul- 
phites of  the  alkali  metals.  This  behaviour  renders  the  detection 
of  phenanthrene  very  easy.  It  is  simply  necessary  to  dissolve  the 
substance  suspected  to  contain  it  in  glacial  acetic  acid,  and  to  add 
a  warm  solution  of  chromic  anhydride  in  glacial  acetic  acid ;  the 
oxidation  product  is  first  treated  with  an  alkaline  solution  in  order 
to  remove  acid  substances,  and  is  then  warmed  with  a  solution  of 
hydric  sodic  sulphite.  The  phenanthraquinone  is  dissolved,  but 
on  the  addition  of  sulphuric  or  hydrochloric  acid>  it  is  preci- 
pitated, and  may  easily  be  recognised. 

Phenanthraquinone  is  also  distinguished  from  anthraquinone 
by  its  conversion  into  diphenic  acid,  Ci^gCCOOH)^  on  further 
oxidation.  By  the  action  of  nitric  acid,  phenanthrene  is  readily 
converted  into  nitro-derivatives ;  it  also  furnishes  phenanthrene- 
sulphonic  acid,  C^fi^.SO^Ilj  when  warmed  with  sulphuric  acidj 
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and  does  not  exhibit  the  tendency  to  undergo  decomposition  which 
is  observed  when  anthracene  is  similarly  treated. 

When  bromine  is  added  to  a  well  cooled  solution  of  phen- 
anthi*ene  in  carbonic  bisulphide,  very  little  hydrobromic  acid  is 
evolved^  and  after  a  time  flat  prismatic  crystals  of  phenanthrene 
dibromide,  C^^H^qBt^  separate;  this  decomposes  slowly  at 
the  ordinary  temperature^  but  rapidly  at  about  ioo°  (212°  F.), 
with  evolution  of  hydrobromic  acid  and  formation  of  monobromo- 
phenanihrene,  Cj^H^Br.  The  same  reaction  takes  place  if  the 
phenanthrene  dibromide  is  boiled  with  water  or  with  alcohol. 
Bromophenanthrene  crystallizes  in  slender  colourless  prisms, 
which  are  readily  soluble  in  alcohol,  and  melt  at  63®  (i45°'4  F-)- 
By  the  further  action  of  bromine  on  its  solution  in  carbonic 
bisulphide  it  is  converted  into  dibramophenanthrene,  C^^HgBrj^  and 
trUnromoplienanthrene,  Cj^HyBrj.  They  are  both  colourless  sub- 
stances, the  latter  crystallizing  in  silky  needles,  which  melt  at 
136°  (258°'8  F.)  (Haydiick,  Ann.  Chem.  Pharm.,  clxvii.  177). 

Cold  concentrated  nitric  acid  converts  phenanthrene  into 
mononiircphenanthrene,  Cj^H^.NOj,  which  is  obtained  in  the 
crystalline  state  by  precipitating  its  acetic  acid  solution  with 
water.  It  melts  between  70°  and  So''  (158°  and  [76°  F.). 
When  heated  to  100°  (212°  F.)  with  strong  nitric  acid,  dinitro^ 
phenanthrene,  Cj^Hg(NOj)g,  is  produced.  It  separates  from  its 
acetic  acid  solution  in  yellow  crystals,  which  melt  between  150^ 
and  160°  (302°  and  320°  F.)  (Gr»be). 

(1392)  Constitution  of  Phenanthrene, — When  phenanthra- 
quinone  is  heated  with  soda-lime,  it  furnishes  almost  the 
theoretical  amount  of  the  hydrocarbon  diphenyl  (Grsebe),  in  ac- 
cordance with  the  equation : 

CuHgO,   +  4NaOH   =  C^U^^  +   2Na3C05   +   H,; 

FhflnanthnqainoDa.  IMphenyL 

anihraquinone  under  similar  circumstances  yielding  benzene  : 

Cj^HgO,   +  4NaOH   =   2CgHe  +    iN&fiOy 

It  is,  therefore,  inferred  that  two  C^  groups  in  phenanthrene  are 
directly  united,  which  is  not  the  case  with  anthracene,  and 
from  this,  together  with  the  fact  that  it  may  be  formed  from 
Btilbene,  the  formula  of  phenanthrene  is  written  in  the  following 
maimer : 
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CgHg  CgHg.CH  CgH^.CH 

I       ;  II     J  '        ",    • 

CgHg  CgHg.CH  CgH^.CH 

Diphenyl.  Stilbene.  Fhonanthiene. 

This  formula  represents  phenanthrene  as  formed  from  diphenyl 
by  the  displacement  of  two  atoms  of  hydrogen— one  in  each  of 
the  Cg  groups — by  the  dyad  group  HCziCH ;  but  it  does  not 
indicate  the  *'  position'^  which  this  group  occupies  relatively  to 
the  two  atoms  of  carbon^  by  which  the  two  C^  groups  in  diphenyl 
are  linked  together.  This,  however,  is  shown  by  the  following 
symbol : 

H      H 

C=C 
H  /  \         H 

x=c  c — c 

/    \     y    \ 

HC  0 C  CH; 

H       H  H       H 

Pheninthrene. 

from  which  it  will  be  seen  that  the  atom  of  hydrogen  eliminated 
from  each  of  the  C^  groups  in  the  formation  of  phenanthrene 
from  stilbene  is  attached  to  the  atom  of  carbon  which  is  contiguous 
to  the  CjHj  group ;  or,  in  other  words,  phenanthrene  may  be 
regarded  as  a  rftorZ/io-derivative  of  diphenyl.  The  experimental 
evidence  in  support  of  this  conclusion  is  as  follows : — It  has  already 
been  pointed  out  that  on  further  oxidation  phenanthraquinone  is 
converted  into  diphenic  acid  : 

CeH,.CO  CeH^.COOH 

I         I     +   OHg  +  O  =     I 
CeH^.CO  CgH^.COOH 

Fheuatbraqulnone,  Sipkaok  uid. 

When  this  acid  is  distilled  with  qnicklime,  it  is  decomposed  in 
the  manner  represented  by  the  equation  : 


CjH^.COOH         CjH^ 

I  =     I 
CeH^.COOH  C,H^ 

Diphenic  add.  Biphenyleneketone. 


CO   +   COj   +   OH3; 


and  by  fusing  diphenyleneketone  with  potassic  hydrate  it  is  con- 
verted into  the  potassic  salt  of  phenylbenzoic  acid : 
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CO  +   KHO  = 


CjH,)  CjH^.COOH 


C.HJ 


C,H, 


Diphenylenekefcone.  Fotamio  phenylbenioate. 

The  acid  bo  obtained  is  not  identical  with  the  j^araphenylbenzoic 
acid  obtained  from  paracjanodiphenyl  (p.  357)^  and  which  is  also 
produced  on  oxidizing  paradiphenylbenzene  (p.  357) ;  it  is  there- 
fore probably  or/Aophenylbenzoic  acid,  since  our  general  ex- 
perience warrants  the  conclusion,  that  it  is  not  likely  that 
phenanthrene  is  a  dimeta-derivative  of  diphenyl.  Admitting  it 
to  be  oWAophenylbenzoic  acid,  it  will  be  found  on  tracing  out  the 
series  of  changes  by  which  it  is  formed  with  the  aid  of  the  graphic 
symbol  above  given  that  there  is  every  reason  to  regard  this 
symbol  as  correct. 

(1393)   TOLANE  OR  DiPHENYLACETYLENE  :    CgHg.C^C.CgHg  Or 

Cj^HjQ. — ^This  hydrocarbon  was  first  obtained  by  Limpricht  and 
Schwanert  {Ann.  Chem»  Pharm.,  cxl.  33Q)  by  heating  monobromo- 
stilbene,  Cj^H^^Br,  with  an  alcoholic  solution  of  potassic  hydrate, 
to  130°  (266°  F.)  for  ten  or  twelve  hours.  It  may  also  be  con- 
veniently prepared,  according  to  Fittig  {ibid,  clxviii.  74),  from 
the  stilbene  dichloride,  Cj^H^gClg,  obtained  by  the  action  of 
phosphorus  pentachloride  on  hydrobenzoin.  When  this  is  boiled 
with  an  alcoholic  solution  of  potassic  hydrate  it  is  completely 
converted  into  tolane. 

Tolane  forms  large  transparent  prisms,  which  melt  at  60° 
(140°  F.),  and  distil  unchanged  at  a  higher  temperature.  It  is 
readily  soluble  in  alcohol  and  ether,  and  when  heated  with  strong 
hydriodic  acid  is  reconverted  into  stilbene  and  dibenzyl. 

Althongh  DO  brominated  or  chlorinated  derivatives  have  as  yet  been  obtained 
from  tolane,  it  readily  unites  with  a  molecule  of  bromine  forming  tolane  dibro' 
mide,  Cj^Hj^^Br,.  This  compound  exists  in  two  isomeric  modifications,  one  of 
which  crystallizes  in  small  flat  needles  melting  at  200° — 205°  (392° — 401*'  F.), 
the  other,  which  is  simultaneously  produced  but  in  much  smaller  quantity,  in  long 
Blender  needles,  melting  at  64^(i47°'2  F.).  By  the  action  of  sodium  amalgam 
on  an  alcoholic  solution  of  potassic  hjdrate,  they  are  both  reconverted  into 
tolane.  If  either  modification  be  heated  with  water  for  some  hours  to  170°— 
180**  (338° — 356°  F.),  a  considerable  quantity  of  the  other  modification  is  pro- 
duced ;  and  by  distilling  the  isomeride  which  has  the  lower  melting  point,  it  is 
in  great  part  converted  into  that  having  the  higher  melting  point,  and  which  is 
scarcely  changed  on  distillation  (Limpricht  and  Schwanert,  Deut.  chem,  Ges, 
Ber.,  iv.  379). 

When  chlorobenzil,  Cj^Hj^OClj,  is  heated  with  phosphoric  pentachloride  to 
200°  (392**  P.)  the  compound  Cj^Hj^Cl^  {tolane  tetrachloride  or  tetrachlordi- 
benzyl :  CgHg.COlj.CClj.C^Hj  is  formed ;  it  is  easily  converted  into  tolane  by 
sodium-amalgam,  and  according  to  Zinin  (ibid,  iv.  289 ;  Zeits,  ^<^^9^[3l  ivj 
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718),  when  treated  in  alcoholic  solution  with  zinc,  it  farnishefl  two  isomeric 
tolane  dichlorides,  Cj^Hj^Cl,,  one  of  which  crystallizes  in  rhomhio  tables  melt- 
ing at  153°  (307°-4  F.) ;  the  other  forms  needles  which  melt  at  63°  (i45°*4  F.). 
Both  these  isomerides  are  likewise  produced  when  stilbene  is  heated  to  170° 
(338°  F.)  with  phosphorus  pentachloride  containing  a  little  oxjchloride ;  they 
yield  tolane  when  treated  with  sodium -amalgam,  or  when  heated  with  an 
alcoholic  solution  of  potassic  hydrate  to  180^  (3j6°  F.),  and  on  distillation  are 
partially  converted  the  one  into  the  other  (Limpricht  and  Schwanert,  loc.  eit,). 

The  nature  of  the  isomerism  which  exists  between  the  tolane  bromides  (or 
chlorides)  has  not  yet  been  ascertained ;  inasmuch,  however,  as  a  compound  of 
the  formula  C^H^.C^C.C^H^  can  only  furnish  a  single  dibromidc  (or  dichloride), 
viz. :  C^H^BrOzlCBrC^H^,  it  appears  probable  that  the  formation  of  one  of 
them  is  the  result  of  isomeric  change  (see  hydrobenzoin). 

(1394)  Mbthtlanthbacbne  :  Cj,H„  or  C,^H,.CH,=  192,  is  formed  when 
ditolylmethane  or  dimethyldiphenylmethane(p.  363)  is  passed  over  red-hot  pumice, 
two  molecules  of  hydrogen  being  eliminated.  In  order  to  purify  it,  the  product 
is  first  washed  with  ethei^aloohol,  and  then  converted  into  the  compound  with 
trinitrophenol.  It  is  also  formed  on  distilling  chrysophanic  acid  and  emodin-* 
two  substances  extracted  from  rhubarb-^with  zinc  dust  (Liebermann,  Deut 
chem,  Ges,  Ber.,  viii.  970,  1102).  Methylanthracene  crystallizes  in  white  glis- 
tening scales  which  melt  at  about  200°  (392°  F.),  and  sublime  unchanged.  It  is 
insoluble  in  water ;  easily  soluble  in  benzene  and  carbonic  bisulphide,  but  only 
slightly  soluble  in  alcohol  or  ether. 

When  methylanthracene  in  carbonic  bisulphide  solution  is  treated  with  bro- 
mine, it  gives  rise  to  dihromomethjflanthracene,  Cj^H^^Br,,  which  crystallizes  in 
golden  yellow  needles  melting  at  156'*  (3i2*'8  F.)  (Weiler,  ibid,  viL  1185  ; 
Fischer,  ibid,  vii.  1195)*  On  oxidation  with  nitric  acid,  it  is  converted  into 
methyUmthraquinonet  Cj^Hy(CH,)0,,  which  on  further  oxidation  yields  anikrin- 
quinonecarboxylic  acidt  Cj^H,0,(CX)OH). 

(1395)  Hydsocabboks  :  C^.H^^  =  206.— By  heating  the  chloroxylene, 
CH,.C,H^.CH,C1,  produced  by  the  action  of  chlorine  on  boiling  coal-tar  xylene, 
with  water  at  200**  (392°  F.)  and  distilling  the  product,  Van  Dorp  obtained  a 
crystalline  hydrocarbon,  melting  at  about  200^  (393°  F*)>  which  he  termed  dime- 
thylanthracene  {ibid,  v.  624).  It  is  very  improbable,  however,  that  this  sub- 
stance is  really  a  di methylanthracene,  since  it  is  doubtless  produced  by  a  series 
of  reactions  similar  to  those  which  lead  to  the  formation  of  anthracene  from 
benzylic  chloride  (p.  372). 

DiMETfiYLTOLANB   or  DiTOLYLACBTTLBNB  :    CH^.C^H^.C  ^KlIC^H^.CH,.  = 

206. — This  hydrocarbon  is  formed  when  dimethylstilbene  dibromide,  Cj^H^^Br^ 
(1385)  is  heated  to  140^(284''  F.)  with  an  alcoholic  solution  of  potassic  hydrate. 
It  crystallizes  in  long  needlt^  or  silvery  scales  which  are  rather  soluble  in  alcohol 
or  ether  and  melt  at  136°  (276^*8  F.)  (Goldschmidt  and  Hepp,  ibid.  vi.  1505). 

(1396)  Rbtbne  :  C„H^,  =  234,  was  discovered  by  Fikentscher  and  Tromms- 
dorff  in  1837.  It  is  found  in  fossil  coniferous  woods,  in  the  higher  boiling  por- 
tions of  wood  tar,  and  amongst  the  products  formed  on  passing  the  vapour  of 
colophony  through  a  red-hot  tube  ;  Berthelot  ststes  that  it  is  amongst  the  sub- 
stances formed  by  heating  acetylene  to  redness.  It  crystallizes  in  needles  or 
scales  which  melt  at  or  about  99^  (210^*2  F.),  and  forms  with  trinitrophenol 
a  compound  crystallizing  in  slender  orange  coloured  needles ;  on  treatment  with 
chromic  acid  it  furnishes  several  products,  the  chief  of  which  is  diojryretistene, 
C\  Hj^O,.  When  dioxyretihtene  is  distilled  with  zinc  dust,  retisiene,  C„Hj^,  a 
crystalline  hydrocarbon  melting  at  about  94°  (201  ^'2  F.),is  obtained  (Wshlforss, 
ZeiU   Chem.  [2],  v.  73;  Ekutrand,  Bull.  Soc,  Chim,  [2],xxiv.  55). 
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§  XII.  Hydrocarbons  of  the  C^Hsn-ao  <>&  Benzylnaphthalenb 

Series. 

(1397)  Only  two  hydrocarbons  of  this  series  have  as  yet  been  obtamed,  and 
of  these  even  scarcely  anything  is  known. 

GrsBbe  {Deut.  chem.  Qes,  j?6r.,vii.  782)  observed  whenpnre  chrysoquinone, 
^xt^ifit*  ^^  heated  with  soda  lime  that  the  principal  product  was  a  hydro- 
carbon, C^^H^,  melting  at  about  105°  (221°  F.),  and  readily  soluble  in  alcohol, 
benzene,  and  carbonic  bisulphide.  It  is  quite  possible  that  this  may  be  phenyl- 
naphthalene,  Cj^H,.C,H,. 

By  distilling  ruficoccin,  a  substance  obtained  by  the  action  of  sulphario  acid 
on  the  colouring  matter  of  cochineal,  with  zinc  dust,  Liebermann  and  Dorp 
obtained  a  crystalline  hydrocarbon  which  probably  has  the  composition  C^^H^^ 
{Anm,  Chem.  Pharm,,  clxiii.  112). 

Benzylnaphthalene  or  naphthylphenylmeihane  :  C„H,^  or  C,^Hy.CHj.C^H, 
=  218,  forms  colourless  needles  which  melt  at  64°  (147°' 2  F.)*  ^^  ^^  insoluble 
in  water  but  very  soluble  in  ether.  It  is  prepared  by  the  action  of  zinc  powder 
on  a  mixture  of  naphthalene  and  benzylic  chloride  (Frot^,  CompU  Mend.,  Ixxvi. 
639- 


§  XIII.  Hydrocarbons  of  the  CnHjn.a  ^^  Pyrene  Series. 

(1398)  Although  a  number  of  hydrocarbons  of  this  series 
have  been  obtained,  comparatively  little  is  known  of  them. 
The  following  is  a  list : 


C„H„ 


j*  Pyrene    .     .     .     . 
(  Diaoetenylbenzene  . 


p  ■n-       r  Paradiphenylbenzene  i 
u    ^^    (  Orthodiphenylbenzene . 

^u^ie       Triphenylmethane .     . 

(  Paradibenzylbenzene   . 
C^H;,  <  Orthodibenzylbenzene . 

^  Diphenyltolylmethane . 
0^^      Dibenzyltoluenes    .     . 


C„H.(C.H.) 


C=C.C,H, 


CH(C.H.). 

}C.H.(CH..C.H^. 

^tc.H..CH. 
CH..C.H.(CH..C.HJ, 


M.P.oCent. 
142"* 

9f 


205 

92- 

86° 

78° 

liquid 
liquid 


(1399)  Pyrene  or  Phbnylenenaphthat.enb  :  Cj^H^q  or 
CioHg(CgHJ  =  202. — This  hydrocarbon  appears  to  have  been  first 
observed  by  Laurent^  although  he  never  succeeded  in  obtainiuG 
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it  in  a  pure  state.  Grsebe,  who  subsequently  examined  it, 
extracted  it  from  the  butyraceous  product  which  comes  oyer  after 
the  anthracene  in  the  distillation  of  coal  tar,  by  treating  it  with 
carbonic  bisulphide;  this  dissolves  the  pyrene  and  some  other 
hydrocarbons,  and  leaves  the  chrysene.  The  residue  left  on 
distilling  off  the  bisulphide  is  exhausted  with  warm  alcohol,  and 
the  cold  filtered  solution  mixed  with  an  alcoholic  solution  of 
trinitrophenol  or  picric  acid,  which  produces  a  red  crystalline 
precipitate  of  pyrene  picrate,  CjgHjo  -}-  C^ll^(NO^\OR.  This,  after 
being  washed  with  alcohol,  is  decomposed  by  ammonia,  and  the 
liberated  hydrocarbon  crystallized  repeatedly  from  alcohol  until 
it  melts  at  142°  {28y^'6  F.).  In  some  instances  it  is  necessary 
to  reconvert  it  into  the  picrate  and  again  decompose  it.  The 
picrate  crystallizes  in  long  red  needles,  which  are  only  slightly 
soluble  in  cold  alcohol,  but  readily  in  ether  and  carbonic  bisulphide, 
and  very  easily  in  benzene. 

Pure  pyrene  usually  forms  colourless  scales,  but  by  slow 
evaporations  of  its  solutions  it  may  be  obtained  in  large  rhombic 
plates.  It  sublimes  with  difficulty,  and  distils  at  a  temperature 
considerably  above  360°  (680°  F.).  By  heating  with  hydriodic 
acid  solution  and  phosphorus  at  300°  (39  2°  F«)j  1*  ^s  converted 
into  pyrenehexahydride  (p.  369).  Pyrene  is  oxidized  with  con- 
siderable difficulty,  and  converted  into  pyrenequinone,  Cj^HgOj, 
which  has  properties  similar  to  those  of  anthraquinone.  Pyrene, 
in  fact,  exhibits  very  considerable  resemblance  to  anthracene,  and 
it  therefore  appears  probable  that  it  has  a  similar  "  constitution  /' 
the  following  symbol  may  provisionally  be  employed  to  repre- 
sent it : 

H    H  H  H    H 

C-C=C-C=C-C=C-C 

II  I  I      I  II 

c~c=c-c=c-c=c-c 

H    H  H  H    H 

Pyrene. 

Dibronwpyrene  dihromide,  Cj^H^Br^,  is  formed  when  the  finely-diTided 
hydrocarbon  is  exposed  to  the  action  of  bromine  vapour  at  the  ordinary  tempera- 
ture. It  crystallizes  from  nitrobenzene  in  pale  yellow  needles,  which  are  almost 
insoluble  in  alcohol,  ether,  or  benzene.  Tribromopyrene,  C,gH,Br,,  is  precipi- 
tated on  adding  bromine  in  slight  excess  to  a  solution  of  pyrene  in  carbonic  bi- 
sulphide. It  forms  colourless  needles  which  closely  resemble  the  compound 
just  described. 

When  pyrene  is  heated  with  nitric  acid  (s.g.  i  *2),  diluted  with  an  equal 
volume  of  water,  it  is  converted  into  a  reddish  oil  which  solidifies  on  cooling. 
This,  when  crystallized  from  alcohol,  yields  yellow  needles  of  mononitropyrene, 
Cj^H^-NO,.     They  are  easily  soluble  in  ether  or  benzene  and  melt  at  about  140*" 
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(284"  F.).  Dinitropyrene,  Q^fiJiJ^O^^,  forms  slender  yellow  needles  which  are 
only  rtlightly  soluble  in  alcohol,  ether,  and  benzene.  It  is  prepared  by  boiling 
pyrene  with  nitric  acid  of  specific  gravity  1*45,  exhausting  the  product  with 
boiling  alcohol  to  remove  any  of  the  mononitro-derivative,  and  finally  crystalliz- 
ing from  acetic  acid.  Tetranitropyrene,  Cj,H.(NOj)^,  is  formed  when  dinitro- 
pyrene  is  digested  for  a  long  time  with  faming  nitric  acid.  It  crystallizes  from 
acetic  acid  in  long  needles  (Grsebe,  Ann,  Chem,  PAarm.,  civiii.  285). 

(1400)     DiACBTENTLBBNZBNB    Or    DiPHENYLDIACETYLENB  :      Cj^Hj^     Of 

C,H,.CsC.C^C.C,H^=  202.— This  hydrocarbon,  discovered  by  Glaser  (Deut. 
ehem.  Ges.  Ber,,  ii.  423),  is  formed  when  the  copper  derivative  of  acetenyl- 
benzene,  C^H,.C^C.Cuj.C^C.C^H,,  is  suspended  in  an  alcoholic  solution  of 
ammonia  and  agitated  in  contact  with  air.  On  dilating  the  alcoholic  solution 
with  water,  the  new  compound  separates  in  glistening  needles.  It  melts  at 
97®  (206^-6  P.),  and  is  easily  soluble  in  alcohol  or  ether,  but  not  in  water. 
No  derivatives  have  as  yet  been  obtained  from  it;  but  when  exposed  to  an 
atmosphere  charged  with  bromine,  it  takes  up  four  molecules  of  the  latter 
forming  a  vIhcous  compound. 

(1401)  Pabadiphbnylbenzbnb:  CjgHj^  or  CgH^(C^HJ,  =  230.— Biese(-4»n. 
Ckem.  PAarm.,  cxliv.  161)  obtained  this  substance,  mixed  with  diphenyl  and  an 
amorphous  brominated  derivative,  by  the  action  of  sodium  on  thesolid  paradibromo- 
benzene  dissolved  in  anhydrous  ether;  whilst  Schultz  {ibid,  clxxiv.  230)  observed 
it  amongst  the  products  formed  when  benzene  is  passed  through  red-hot  tubes.  It 
crystallizes  from  benzene,  in  which  it  is  easily  soluble,  -in  flat  colourless  needles, 
melting  at  205°  (401°  F.).  It  doe^  not  combine  with  trinitrophenol,  and  is 
only  very  slightly  soluble  in  boiling  alcohol.  On  oxidation,  it  is  first  converted 
into  paraphenylbenzoic  acid,  C^H^.C^H^.COOH,  and  ultimately  into  terephthalio 
acid,  C,H,(COOH),. 

Schultz  also  obtained  a  small  quantity  of  an  isomeric  hydrocarbon  which  he 
terms  isodiphenylbenzene,  melting  at  85^  (185°  F.) ;  it  furnishes  benzoic  acid 
on  oxidation,  and  is  very  probably  or^Aodiphenylbenzene. 

(1402)  Tbiphbnylmethane  :  CjjHj^  or  CH(C,H Jg  =  244. — Keknl^  and 
Franchimont  (Deut,  chem,  Ges,  Ber.,  v.  906)  first  obtained  this  hydrocarbon  by 
heating  one  molecule  of  (0-2)  dichlorotoluene,  C^Hg.CHClj,  with  two  of  mercury 
phenyl,  Hg(C^H^)j,  and  it  has  since  been  prepared  by  Herailiau  (ibid,  vii.  1203) 
by  heating  a  mixture  of  benzene  and  diphenylearbinol  or  benzhydrol, 
CH{C,HJj.OH,  with  phosphoric  anhydride  at  140*^(284''  P*.)  for  four  hours.  It 
is  easily  purified  by  crystallizing  it  from  boiling  alcohol,  when  it  forms  thin 
lustrous  plates,  melting  at  92°  (i 97^*6  F.),  and  distilling  undeoomposed  at  360° 
(680®  F.).  By  the  action  of  nitric  acid  it  is  converted  into  the  trinitro-deriva- 
tive  CH(CjH^.NOj)g.  On  adding  bromine  to  its  solution  in  carbonic  bisulphide, 
the  bromo-derivative,  CBr(C,H^),,  is  produced,  and  remains  as  an  oil  on  distil- 
ling off  the  bisulphide ;  on  treating  this  oil  with  water,  it  solidifies  to  a  crystalline 
mass  of  iriphenylcarbinol,  C(C^H,)j.OH,  which  is  also  produced  when  the  hydro- 
carbon is  boiled  with  an  oxidizing  mixture  of  potassic  diehromate  and  sulphuric 
acid.  The  corresponding  triphenylckloromethane,  CCHC^HJj,  is  formed  by 
the  action  of  phosphoric  pentachloride  on  triphenylcarbinol ;  it  is  crystalline,  and 
ia  readily  reconverted  into  triphenylcarbinol  by  warming  with  water. 

(1403)  Hydbocarbons  :  Cj^Hjj=  258. — By  the  action  of  benzylic chloride 
on  benzene  in  presence  of  zinc,  two  isomeric  dibenzylbenzenes,  CjH^(CHj.CgHj)j, 
are  produced,  together  with  benzylbenzene.  Paradibenzylbenzene  crystallizes 
from  hot  alcohol,  in  which  it  is  easily  soluble,  although  cold  alcohol  dis^solves  it 
with  difficulty,  in  thin,  flat,  glistening  plates,  which  melt  at  S6°  (i86°'8  F.); 
on  oxidation  it  yields  paradibenzoylbenzene,  C^H^(CO.C^Hj)j,  together  with  a 
amall  quantity  of  parabenzoylbenzoic  acid,     j3-  or  orthodibenzylbenzene  ia  .far 
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more  soluble  than  the  uomeride,  and  ciystallizes  in  long,  thin,  flat  needles,  which 
melt  at  78°  (172^*4  F.);  when  oxidized  it  furnishes /3-  or  orthodibenzoylhenzerte 
and  0-  or  orthohenxoylhenzoic  acid,  Thette  hydrocarbons  do  not  combine  with 
trinitrophenol.  Paradibenzylbenzene  is  also  obtained  together  with  traces  of 
the  isomeride  in  the  preparation  of  benzylbenzene,  by  Baeyer's  method,  from 
benzene  and  methylal  (p.  360)  (Zincke,  ibid,  yi.  119;  ix.  31). 

By  heating  a  mixture  of  diphenylcarbinol  and  toluene  with  phosphoric 
anhydride,  Hemilian  obtained  a  diphenyltolylmethane,  CH,.C^H^.CH(C^H^),,  as 
a  liquid  of  high  boiling  point  which  does  not  solidity  even  in  a  freezing  mixture; 

C(C.HJ..0H 
on  oxidation  it  is  oonTcrted  into  the  acid    |  {ibid,  viL  1209). 

C^H,.COOH 

(1404)  Hydeocabbonb:  C,jH^=272. — The  portion  boiling  at  292° — 296* 
(557° — 565°  F.)  separated  by  careful  fractional  distillation  from  the  product  of 
the  action  of  benzylic  chloride  on  toluene  in  presence  of  zinc  (p.  362),  is  a  mixture 
of  two,  or  perhaps  of  three  isomeric  C^H^  hydrocarbons,  since  it  yields  two 
isomeric  acids  of  the  composition  C,jH,^0^,  and  a  third  of  the  composition 
Cj^Hj^O^i  on  oxidation.  The  two  C,^  acids  are  isomeric  dibenzoylbomoic  acids, 
C.H.(CO.C.Hg),.COOH ;  the  nature  of  the  third  acid  has  not  been  ascertained,  and 
it  may  either  be  derived  from  a  special  C^jH^  hydrocarbon,  or  perhaps  it  is 
formed  by  the  further  oxidation  of  one  of  the.  dibenzoylbenzoic  acids  (Zincke  and 
Weber,  ibid,  vii.  11 53).  When  the  mixture  of  Cj^H^  hydrocarbons  is  passed 
through  a  red-hot  tube,  hydrogen,  toluene,  and  anthracene  are  produced,  and  aliM> 
an  isomeride  of  anthracene,  of  which  as  yet  only  small  quantities  have  beea 
obtained. 

§  XIV.    HyDBOCARBONS  op  the  CnH2n«24  ^^  ChRYSBNB  SeRISS. 

{1405)  Only  two  members  of  this  series  are  at  present 
known^  namely^  chrysene,  C^gH^  and  phenylenediphenylmethane, 

C19H14. 

Chrysene  :  CjgHj2=228. — This  hydrocarbon  was  first  ob- 
served by  Laurent  in  crude  anthracene^  and  Berthelot  has  stated 
that  it  is  produced  when  benzene  is  passed  through  a  red-hot 
tube.  This^  perhaps,  is  somewhat  doubtful,  as  from  the  sub- 
sequent experiments  of  Schultz  {Ann,  Chem,  Pharm.,  clxxiv.  230) 
and  of  Schmidt  (Deut,  chem.  Ges,  Ber.,  vii.  1365),  it  would  seem 
that  Berthelot's  chrysene  was  really  impure  diphenylbenzene ; 
nevertheless,  in  a  recent  paper  {Bull.  Soc.  Chim,  [2],  xxiL  437), 
Berthelot  reasserts  that  under  these  circumstances  he  obtains  a 
hydrocarbon  of  the  formula  C^gHi^,  which  forms  a  compound 
with  trinitrophenol. 

In  order  to  prepare  chrysene  from  the  semi-solid  higher 
boiling  portions  of  coal-tar,  it  is  first  treated  with  carbonic 
bisulphide  to  remove  pyrene  and  other  soluble  hydrocarbons,  and 
the  solid  residue  is  then  crystallized  from  coal- oil  boiling  at 
150**  (302°  F.).  It  is,  however,  still  of  a  bright  yellow  colour, 
but  may  be  obtained  colourless  by  boiling  it  with  alcohol  and  a 
small  quantity  of  nitric  acid,  or  by  heating  it  to  240°  (464®  F.) 
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with  hydriodic  acid  and  amorphous  phosphorus.  Pure  colourless 
chrvsene  may  abo  be  obtained  by  reducing  the  compound  of 
diuitroanthraquinone  and  chrysene,  formed  by  the  action  of  nitric 
acid  on  an  alcoholic  solution  of  anthracene  and  chrysene,  with 
tin  and  hydrochloric  acid  {Schmidt,  Joum,  pr,  Chem.  [a],ix.  270). 
Chrysene  crystallizes  from  benzene  or  acetic  acid  in  plates 
belonging  to  the  rhombic  system,  and  which  melt  at  about 
250°  (482^  F.).  It  cannot  be  sublimed  without  decomposition. 
It  combines  with  trinitrophenol  or  picric  acid,  forming  a  com- 
pound CjgHjjj-}-CgH3(N0g)g.0H,  which  crystallizes  in  orange- 
coloured  needles,  and  is  easily  decomposed  by  cold  alcohol  (Lieber- 
mann,  Ann.  Chem.  Pharm.,  clviii.  299 ;   Schmidt,  loc.  cii.). 

Chrysene  is  oxidized  with  very  great  readiness  by  chromic 
acid  and  convjerted  into  chrysoquinone,  CigHjoOg :  if  the  action  of 
the  oxidizing  agent  be  continued  phthaiic  acid  is  also  produced. 
Chrysoquinone  closely  resembles  phenanthraquinone  in  its  pro- 
perties, and  it  is  not  improbable  therefore  that  the  constitution  of 
chrysene  is  very  similar  to  that  of  phenanthrene,  and  that  it  may 
be  represented  by  the  formula : 

C^H^.CH  C^H^.CO  CgH^.CH  C^H^.CO 

I    II  ^      in      I    II  ;      II- 

CioHe.CH  CjoHe-CO  CeH^.CH  C,H,.CO 

Clu7««De.  Chrysoquinone.  Phenanthrene.  Phenanthraquinone. 

IXehlororhiysene,  0,,H^qC1,,  which  erystallizefi  from  henzene  in  colourleM 
needles,  is  ibnned  on  treating  chrysene  with  chlorine  at  100^.  It  melts  at  267** 
(5 1 2^  6  F.)  and  is  almost  insolable  in  alcohol  or  ether.  Higher  chlorinated 
deriTatiTes  are  prodoced  by  the  action  of  chlorine  at  160® — 170°  (320'' — 
338°  F.),  bat  they  have  not  been  examined.  On  adding  bromine  to  chrysene 
dissolved  in  carbonic  bisalphide,  no  action  is  at  first  perceptible,  bat  afler  a  time 
bydrobromic  acid  is  evolved  and  white  needles  of  dibromockrysene,  Cj^Hj^Br^, 
separate;  it  melts  at  273^  and  on  oxidation  is  converted  into  chrysoquinone. 
When  chrysene  is  exposed  to  an  atmosphere  of  bromine  vapour,  higher  brominated 
derivatives  are  formed,  but  these  have  not  been  isolated  in  a  pure  state ;  there 
appears,  however,  to  be  no  tendency  on  the  part  of  chrysene  to  form  additive 
oompounds. 

Mononitrochfywne,  C^,H,j.NO,,  is  formed  when  chrysene  is  boiled  with 
alcohol  and  nitric  acid,  or  more  rapidly  by  heating  it  with  nitric  acid  (sp.  gr.  T'25) 
at  100®  (212°  F.);  it  crystallizes  from  benzene  in  thick  yellow  prisms  which 
melt  at  209^  (408^' 2  F.).  When  finely  divided  chrysene  is  boiled  with  nitric 
acid  (sp.  gr.  1*3),  it  is  converted  into  a  mixture  of  the  mono-,  di-  and  tetranitro- 
derivatives.  Dinitrochryaene,  C  fi^J^O^y  crystallizes  from  acetic  acid  in  yellow 
needles  which  melt  above  300  (572*^  F.)  and  are  almost  insoluble  in  alcohol, 
ether,  and  benzene.  The  tetranitrockrysene,  C^,Hj(NOj\,  which  likewise  forms 
yellow  needles,  is  also  prodticed  by  boiling  the  hydrocarbon  with  fuming  nitric 
acid  (Liebermann,  Sciimidt). 

(1406)  Phenylenedlphenylmethane :  C^H^^  or  C(C,H,)/C,HJ  =  245. — 
When    the    triphenylchloromethane,   CCl(C^iiJ,,   obtained    by  the  acl^ion  of , 
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phosphoric  pentachlonde  on  triphenyloarbinol  (1402)  is  heated  to  about  200® 
(392°  F.),  it  18  decomposed  with  evolution  of  hydrochloric  acid,  and  at  a  hij^her 
temperature  an  oil  dintils  over,  which  on  cooling  solidifies  to  a  crystalline 
mans.  It  is  but  Hlightly  soluble  in  alcohol  or  acetic  acid,  crystallizing  from  the 
latter  in  slender  silky  needles  which  melt  at  138°  (280" '4  F.).  It  has  the  com- 
position represented  by  the  formula  C^^H^^,  and  from  the  mode  of  its  formation 
there  can  be  no  doubt  it  is  a  phenylenediphenylmethane  (Hemilian,  Deut,  chem. 
Ges.  JSer,,  vii.  1208). 


§  XV.  Hydrocarbons  of  THk  CnH2n_26  OR  Dinaphthyl  Series* 
Three  members  of  this  series  are  known,  viz. : 

M.P.'»Cent. 

^"^"  ]  Isodinaphthyl  /   ^^lo^^A  ^87^ 

C„H„      Dinaphthylmethane  CH,(Oj^H,),       •  109** 

(1407)  Dinaphthyl:  CgoH^^  or  CioH7.CiqH7=254.  —  This 
hydrocarbon,  which  was  discovered  by  Lessen  (Ann.  Chem,  Pharm., 
cxliv.  71),  forms  pale  yellow  scales  when  crystallized  from  alcohol, 
whilst  from  a  mixture  of  ether  and  alcohol  it  is  deposited  in 
octohedra:  it  melts  at  154°  (309°* a  F.),  and  boils  above  360^ 
(680°  P.)  It  is  formed,  along  with  phthalic  acid  and  resinous 
products,  when  naphthalene  is  heated  with  manganic  dioxide  and 
sulphuric  acid  diluted  with  twice  its  weight  of  water,  and  also, 
although  in  exceedingly  small  quantity,  by  the  action  of  sodium 
on  a  solution  of  bromonaphthalene  in  benzene.  The  latter  mode 
of  formation  renders  it  probable  that  dinaphthyl  is  an  a-derivative 
of  naphthalene. 

By  the  action  of  bromine  it  is  first  converted  into  dibromodinaphthffl, 
.C-2^H  Br^,  which  crystallizes  in  delicate  monoclinio  prisms  melting  at  215** 
(419  F.).  It  is  almost  insoluble  in  alcohol,  but  easily  soluble  in  hot  benzene.  An 
amorphous  yellow  kexabromodinaphthyl,  C^H^Br^,  is  obtained  when  excess  of 
bromine  is  used.  A  yellow  resinous  hexachlorodinaphthyU  C^^HgCl^,  is  formed 
on  passing  chlorine  to  saturation  into  a  solution  of  dinaphthyl  in  carbonic 
bisulphide.  A  resinous  tetranitrodinapMhyl,  C^^J^O^^,  is  precipitated  on 
adding  water  to  a  solution  of  the  hydrocarbon  in  fuming  nitric  acid. 

(1408)  IsoDiNAPHTHYL  :  C^^^  =  254. — ^W.  Smith  {Joum. 
Chan.  Soc.,  xxiv.  1 1 84)  found  that  a  hydrocarbon  of  high  boiling 
point  was  formed  in  minute  quantity  when  naphthalene  is  passed 
through  an  iron  tube  heated  to  bright  redness;  he  has  since 
ascertained  that  it  is  far  more  readily  produced  when  a  mixture 
of  the  vapours  of  naphthalene  and  antimonious  chloride  is  passed 
through  a  red-hot  tube.  It  is  readily  separated  from  accom- 
panying naphthalene  by  fractional  distillation,  as  it  boils  above 
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360°  (680°  F.).  When  carefully  sublimed  it  may  be  obtained  in 
delicate  plates,  which  melt  at  187^  (368°-6  R).  With  chlorine 
it  yields  a  colourless  amorphous  tetrachloHsodinaphthyl,  C^^^Cl^, 
Bromine  attacks  it  violently,  forming  heptabromisodinaphthyl, 
CjoHyBry. 

(1409)  DiNAPHTHYLMBTHANE :  C,jHj^  OF  CH,(Cn,Hy),  =  268.— In  Order  to 
prepare  this  hydrocarbon,  5  parts  of  naphthalene  are  dissolved  in  20  of  chloro- 
form and  mixed  with  i  of  methylal :  10  parts  of  sulphuric  acid  are  then  gradually 
and  cautiously  added,  preveuting  rise  of  temperature  by  keeping  the  flask  in 
cold  water.  After  twelve  hours,  30  parts  of  water  are  added,  the  chloroform 
distilled  off,  and  the  product  purified  by  exhausting  it  with  boiling'  ether  and 
distilling  the  residue.  It  crystallizes  from  boiling  alcohol  in  short  colourless 
prisms  which  melt  at  109''  (228*'*2  P.)  and  boil  at  above  360®  (680'  P.)  It 
is  very  soluble  in  ether,  benzene,  and  chloroform,  and  dissolves  in  15  parts 
boiling  and  1 20  of  cold  alcohol.  With  trinitrophenol  it  forms  a  compound 
which  crystallizes  in  reddish-yellow  prisms  melting  at  about  142^  (287^6  F.). 

On  adding  bromine  to  an  ethereal  solution  of  the  hydrocarbon,  hydrobromic 
acid  is  given  off,  and  an  oily  liquid  is  obtained  which  soon  solidifies  to  a  crystal- 
line mass  of  dibromodinaphthylmethane,  C^^H^^Br,.  It  forms  short  colourless 
needles  melting  at  193°  (379°'4  F.)>  and  which  are  moderately  soluble  in  ether, 
benzene,  and  chloroform,  but  with  difficulty  in  alcohol. 

Ihtranitrodinaphthylmeihane,  C,^H^,(NO,)^  forms  small  rhombic  crystals 
which  are  almost  colourless.  It  is  readily  prepared  by  dissolving  the  hydro- 
carbon in  10  parts  of  fuming  nitric  acid  and  allowing  it  to  stand  for  J2  hours, 
when  the  nitro-compouud  separates  in  the  crystalline  state.  It  is  almost  in* 
soluble  in  alcohol,  ether,  and  benzene,  but  may  be  dissolved  in  aniline  (T. 
Grabowski,  Deut,  ehem,  Oes,  Ber,,  vii.  1605). 

Dinaphihyltrichlorethane,  CClj.CHCCjQtl,)^,  which  may  be  regarded  as  a 
derivative  of  the  unknown  hydrocarbon  ^-dinaphthyleihane,  C]i^.Cli{C^Jly)^, 
is  obtained  on  treating  a  mixture  of  chloral  and  naphthalene  with  concentrated 
sulphuric  acid.  It  crystallizes  in  colourless  hexagonal  plates  which  are  moderately 
soluble  in  ether,  but  only  slightly  so  in  alcohol  (Grabowski,  ibid,  vii.  225). 


§  XVI.  Htdrocabbons  op  the  Cjfi^_28  Series. 

(1410)  The  only  member  of  this  series  which  has,  as  yet,  been  prepared  is 
a'dinaphikylethylene :  C„H„  or  Cj^H,.HClzCH.Cj^H,=  280,  and  even  that 
has  b^n  but  very  imperfectly  examined.  When  the  crude  dinaphthylmono^ 
cklorethane  obtained  by  the  action  of  sulphuric  acid  on  a  mixture  of  dichlorether 
and  naphthalene  is  distilled,  an  oil  is  obtained  boiling  above  360^  (680°  F.), 
and  which,  on  oxidation,  appears  to  give  naphthoic  acid  (Hepp,  Deut,  chem, 
Qes.  Ber.,  vii.  141 9). 

On  boiling  dinaphthyltrichlorethane  (1409)  with  an  alcoholic  solution  of 
potassic  hydrate,  a  yellow  substance  is  obtained,  which  has  the  composition  of  a 
dichlorodinaphthi/lethi/lene.  It  is  either  a  derivative  of  the  hydrocarbon  just 
described,  or  more  probably  of  an  isomeric  hydrocarbon,  P-dinaphthyUthylene, 
H,ClzC(Ci^H,),  (Grabowski,  ibid.  viL  225). 
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§  XVII.  Hydrocarbons  of  the  Cj^Hjn.so  or  Idrialene  Series. 
Four  members  of  this  series  are  at  present  known^  viz. : 


M.P.°Cent. 

C«H., 

Idrialene 

285° 

C„H„ 

Triphenylbenzene 

C.H.(C.HJ. 

170' 

C„H„ 

Tetraphenylmethane 

C(C.H^, 

'< 

C^H„ 

Tetraphenylethane 

C.H.(C.H.), 

ao6° 

(141 1)  Idaialbnb:  C,2Hj^=278. — ThU  hydrocarbon,  aboat  which  very 
little  is  knowu,  exists  in  the  mineral  idrialite,  a  substance  resembling  coal,  which 
is  found  in  the  Idrian  niercnry  mines.  It  may  be  extracted  by  distillation  in  an 
atmosphere  of  carbonic  anhydride,  or  preferably  by  exhausting  the  mineral  with 
benzene,  and  concentrating  the  solution  by  distillation.  It  crystallizes  in 
colourless  scales,  which  melt  above  285"  (545°  F.),  and  volatilize  at  a  higher 
temperature,  but  with  decomposition.  Nitric  acid  converts  it  into  trinitro- 
idrialene,  C^H^j(NO,),,  and  on  oxidation  with  chromic  acid,  it  yields  idria" 
quinone,  C^^H^^O^.  Idrialene  is  the  fifth  term  in  the  series,  including  benzene, 
naphthalene,  anthracene  and  phenanthrene,  and  chrysene,  which  differ  by  nCJl^ 
and  all  of  which  furnish  quinones. 

(1412)  TsiPHENYLBBNZENE :  C^Hj,  or  C^H,(C,H,),  =  306. — This  hydro- 
carbon was  first  discovered  by  Engler  and  Heine  (Deut  chem.  Gee,  Ber.,  vi. 
641)  amongst  the  products  of  the  action  of  ammonia  and  phosphoric  anhydride 
on  metbylphenylketone  or  acetophenone : 

3C.H..CO.CH,     =     C,H.(C.H.).     +     30H^ 

Hetbylpheuylkctooe.  TriphonylbeDzene, 

and  has  since  been  prepared  by  the  action  of  dry  hydrochloric  acid  on  the  same 
ketone  (Engler  and  Berthold,  ibid,  vii.  1 1 23 ;  Heyne,  viii.  230 ;  and  Engler,  Tiii« 
394).  The  gas  is  rapidly  absorbed  with  evolution  of  heat,  and,  on  allowing  the 
solution  to  stand  for  a  day  or  two  in  a  warm  place,  the  hydrocarbon  is  deposited 
in  the  crystalline  state.  The  formation  of  triphenylbenzene  in  this  manner  ia 
comparable  with  that  of  roesitylene  fi-om  dimethylketone  (p,  265).  It  forms 
krge  colourless  rhombic  plates,  which  melt  at  about  170^  (338°  F.)>  ^^^  hoil 
at  a  much  higher  temperature.  It  is  only  moderately  soluble  in  alcohol,  ether, 
and  carbonic  bisulphide,  somewhat  more  readily  in  benzene. 

Monohromotriphenylbenzene,  C^^H^^Br,  produced  by  the  action  of  bromine 
on  the  hydrocarbon  in  carbonic  bisulphide  solution,  forms  colourless  needles, 
which  melt  at  104°  (2I9°'2  P.).  A  triiutroiriphenylbenzene,  Cg^H„(NO,),, 
has  been  obtained  in  crystalline  scales,  but  its  preparation  is  at4iende(l  with  con- 
siderable difficulties  (Engler  and  Berthold). 

(1413)  Tktbaphknylmethawe:  C^H^or  C(C.H,)^  =  320.— This  hydro- 
carbon is  found,  according  to  Behr  (ibid,  v.  971),  amongst  the  products  of  the 
dry  distillation  of  baric  benzoate,  and  it  would  also  seem  to  be  produced, 
although  in  much  smaller  quantity,  when  the  calcic  salt  is  distilled  (Kekul^  and 
Franchimont,  ibid,  vi.  910).  It  crystallifles  from  alcohol  in  long  colourless 
needles,  which  melt  at  about  145'  (293*  F,). 

(1414)  a-TETEAPHBNYLETHANB:  C,.H„orCH(C,HJ,.CH(C,Hj,=  334. 

On  heating  benzopinacone,  C(OH)(C^H,),.C(OH)(C.H,),,  with  hydriodic  acid  and 
phosphorus  at  a  high  temperature  for  6  or  8  hours,  it  is  reduced  with  formation  of 
the  hydrocarbon  C^^U^,  which  may  readily  be  separated  from  the  unaltered  pina- 
coue  by  treatment  with  alcohol     It  is  only  slightly  soluble  in  boiling  alcohol,  but 
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easily  in  hot  benzene.  It  crystallizes  in  large  prisms,  which  melt  at  206^ 
(402^*8  F.),  and,  at  a  higher  temperature,  eublime  readily  in  needles  and  small 
plates.  Substitution  derivatives  are  produced  by  the  action  of  bromine  and  of 
nitric  acid,  but,  as  yet,  they  have  not  been  examined  (Grabe,  ibid.  viii.  I055). 
It  is  also  formed  by  the  action  of  heat  on  diphenylchloromethane  (1377). 

§  XVIII.  Hydrocarbons  of  the  CnHan-ss  or  Tetraphenyl- 

ETHYLENE    SeRIES. 

(1415)  Tetraphbittlethtlbnb  :  Cj^H^or  (C.H^),Cz:C(C^H,),  =  332.— 
Thi8  hydrocarbon  is  the  only  known  member  of  the  series.  To  prepare  it, 
diphenyldichloromethane,  CC1,(C^H,),,  is  mixed  with  finely  divided  silver,  ob- 
tained by  reducing  argentic  chloride  with  zinc :  a  powerful  action  takes  place, 
with  development  of  heat,  which  must  be  moderated  at  first  by  cooling  in  order 
to  avoid  de<x)mpo8ition  of  the  chloride.  The  product  is  distilled  as  soon  a.i  the 
reaction  b  finished,  when  benzophenone  passes  over  first,  and  afterwards  th6 
hydrocarbon,  which  solidifies  on  cooling  to  a  crystalline  mass.  It  is  very 
difficaltly  soluble  in  alcohol  or  ether,  but  readily  in  hot  benzene,  from  which  it 
separates  on  cooling  in  spicular  prisms,  melting  at  221°  (429^*8  F.)  (Behr, 
ibid  iii.  752).  The  same  hydrocarbon  is  found  amongst- the  products  obtained 
when  benzophenone  is  heated  with  zinc  dust  (Staedel,  ibid.  vi.  1401). 

§§  XIX  and  XX.  Hydrocarbons  of  the  CnHan^a^  and 
CnHan-sa  Series. 
When  flnorene  is  distilled  over  heated  plumbio  oside,  a  hydroearbon  of  the 

composition  C„H„  (P   |        y  CZZC  v     [       )  is  obtained,  which  is  converted 

c.h/        \c.h. 

into  the  hydrocarbon  C^^U,,  by  the  action  of  sodium-amalgam  on  its  boiling 
alcoholic  solution  (Harpe  and  Dorp,  ibid.  viii.  1048).  Neither  has  beea 
examined,  however,  and  their  formation  is  chiefly  of  interest  on  account  of  their 
containing  relatively  more  carbon  than  any  other  of  the  known  hydrocarbons. 

General  Review  of  the  Hydrocarbons. 

(1416)  It  is  of  especial  importance  and  interest  to  compare 
tlie  various  series  of  isologous  hydrocarbons^  so  as  to  ascertain  in 
what  respects  they  resemble  each  other^  and  also  to  observe  the 
points  in  which  they  differ;  for  by  so  doing  we  obtain  an 
insight  into  the  laws  which  regulate  the  formation  of  com- 
pounds of  carbon  and  hydr(^en^  and  we  are  also  enabled  to 
form  some  idea  of  the  relation  which  undoubtedly  obtains  between 
composition  and  chemical  properties.  At  the  same  time^  many 
questions  in  connexion  with  this  subject  which  could  not  be  dealt 
with  advantageously  at  an  earlier  stage^  may  now  be  considered. 

We  notice  in  the  first  place,  that  if  we  merely  regard  the  empirical  composi- 
tion of  the  isologous  hydrocarbons,  each  particular  series  appears /to  bear  the 
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same  relation  to  the  preoediDg  or  next  following,  but  this  is  by  no  means 
the  case  when  their  properties  are  contrasted.  Not  only  is  this  so  with  the 
isologoas  hydrocarbons,  but  it  is  also  the  case  with  the  homologous  hydrocar- 
bons owing  to  the  occurrence  of  isomerism.  We  may,  in  fact,  regard  bodies  as 
homologous  and  isologous  aih  broad  «en«e,  understanding  merely  thereby  that  they 
exhibit  a  constant  difference  in  empirical  composition ;  and  as  strictly  homo- 
logous and  isologous  when  they  not  only  exhibit  corresponding  differences  in 
composition,  but  have  also  certain  chemical  properties  in  common.  Thus  the 
hydrocarbons  of  the  olefine  and  acetylene  series  are  true  isologues  of  the 
paraffins :  they  are  formed  from  the  latter  by  the  withdrawal  of  two  and  four 
atoms  of  hydrogen  respectively,  and  are  readily  reconverted  into  paraffins  or 
paraffin  derivatives;  combining,  for  example,  with  the  number  of  atoms  of 
bromine  requisite  to  convert  them  into  bromo-paraffins.  In  fact,  the  diflerenoes 
which  result  from  the  withdrawal  of  two  atoms  of  hydrogen  from  the  paraffins 
in  the  formation  of  the  olefines,  may  be  said  to  be  extended  in  the  same  direc- 
tion by  the  withdrawal  of  a  second  pair  in  the  formation  of  the  acetylenes 
from  the  olefines.  The  same  is  true  of  valylene,  the  lowest  term  of  the 
^B^9n-4  series,  which  combines  with  six  atoms  of  bromine,  and  of  dipro- 
pargyi,  the  isomeride  of  benzene,  which  combines  with  eight  atoms  of  bromine ; 
80  that  these  hydrocarbons  also  are  terms  of  series  which  are  truly  isologous  with 
the  acetylene,  olefine  and  paraffin  series.  But  if  we  compare  the  0^,11,^  hydro- 
carbons or  terpenes  with  valylene,  it  is  evident  that  they  are  not  strictly  speak- 
ing homologous,  but  rather  belong  to  a  parallel  homologous  series ;  they  exhibit, 
however,  the  very  closest  resemblance  to  benzene  and  its  homologies,  which 
also  cannot  strictly  be  considered  as  members  of  the  same  homologous  series  as 
dipropargyl,  and  may  thei*efore  be  regarded  as  members  of  a  series  strictly 
isologous  with  that  which  includes  benzene.  In  explanation  of  this,  it  is  sup- 
posed that  in  the  paraffins,  defines,  acetylenes,  valylene  and  dipropargyl,  the 
carbon  atoms  are  so  united  that  they  form  an  '*  open  chain,"  whereas  in  the 
terpenes,  and  benzene  and  its  homologues,  the  carbon  atoms  form  a  "  closed 
chain  ;'*  this  convenient  hypothesis  being  founded  chiefly  on  the  behaviour  of 
the  hydrocarbons  of  the  various  series  with  chlorine  or  bromine.  In  the 
paraffins,  no  carbon  atom  is  united  to  another  by  more  than  one  of  its  four 
affinities,  and  the  action  of  chlorine  or  bromine  on  these  hydrocarbons  invariably 
produces  substitution  derivatives  containing  the  same  number  of  carbon  atoms  ; 
whereas  the  olefines,  acetylenes,  valylene  and  dipropargyl  combine  with  these 
halogens :  but  at  most  with  2,  4,  6  or  8  atoms  respectively,  being  ultimately 
converted  into  the  haloid  paraffin  derivatives  containing  the  same  number  of 
carbon  atoms.  We  are  thus  led  to  the  important  conclusion  that,  in  general, 
when  hydrocarbons  are  submitted  to  the  action  of  chlorine  or  bromine,  these 
halogens  are  unable  to  split  apart  carbon  atoms  united  by  single  affinities ;  and 
that  when  the  carbon  atoms  are  held  together  by  two  or  three  affinities,  they 
may  readily  be  partially,  but  never  entirely  disunited.* 

When  six  atoms  of  carbon  are  arranged  in  the  simplest  possible  manner 


*  Under  certain  special  conditions,  however,  when  a  large  proportion  of  the 
negative  element  is  accumulated  in  the  compound,  1.0.,  when  tlie  whole,  or  at 
least  the  greater  part  of  the  hydrogen  is  displaced  by  chlorine,  the  severanoe  of 
the  carbon  atoms  which  are  united  by  single  affinities  does  take  place.  Thus  by 
heating  a-chloropropane.  C^H^Cl,  with  iodine  chloride,  finally  at  a  temperature  of 
200®  (392**  F.),  it  is  converted  into  octochloropropane,  C,CI,,  which  by  the 
farther  action  of  the  iodine  chloride  at  250*^  (4^2°  F,),  is  resolved  into  hezachior- 
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80  as  to  form  a  cloeied  chfun  or  ring,  each  atom  will  be  msited  to  the  next  bj  one 
of  its  affinities.  Since  in  this  manner  two  of  the  affinities  of  each  carbon 
atom  will  be  engaged,  the  complex  will  be  capable  of  combining  with  at  most 
twelve  monad  atoms;  this  is  the  ca8e  with  benzene,  which  can  only  combine  with 
six  atoms  of  chlorine  or  bromine,  whereas  dipropargyl,  its  isomeride,  in  which  the 
chain  is  open,*  can  unite  with  eight  atoms.  It  is  especially  noteworthy  that 
the  closing  up  of  the  chain,  not  only  lowers  the  absolute  combining  power  of 
the  complex  by  two  units,  but  reduces  its  energy  or  tendency  to  combine,  in 
a  far  greater  proportion.  Thus  the  hydrocarbons  of  the  define  and  acetylene 
series,  as  well  as  valylene  and  dipropargyl,  very  readily  combine  with  bromine, 
much  heat  being  developed  when  the  substances  are  brought  into  contact; 
whereas  benzene  unites  with  bromine  to  form  the  hexabromide  only  under 
exceptional  conditions,  the  aid  of  light  being  necessary  to  effect  the  combination* 

Many  of  the  hydrocarbons  of  the  remaining  series  are  allied  to  the  paraffins, 
defines,  or  acetylenes  ;  although  most  of  them  exhibit  properties  which  indicate 
that  they  are  also  closely  related  to  benzene  or  its  homologues.  Thus  cinnamene 
and  its  homologues,  and  acetenylbeuzene,  bear  a  precisely  similar  relation  to  the 
corresponding  terms  of  the  benzene  series,  that  the  defines  and  acetylenes  bear  to 
the  correspimding  paraffins ;  and  the  relation  between  tolane,  the  hydrocarbons  of 
the  stilbene  series,  and  the  corresponding  terms  of  the  diphenyl  series,  is  of  a 
precisely  similar  character  to  that  which  obtains  between  the  hydrocarbons  of  the 
acetylene,  define  and  paraffin  series;  but  by  their  behaviour  on  oxidation, 
and  in  many  cases  towards  concentrated  nitric  and  sulphuric  acid,  these  hydro* 
carbons  betray  their  connexion  with  benzene  and  its  homologues.  The  assump- 
tion that  the  hydrocarbons  in  question  are  formed  from  the  paraffins,  defines  or 
acetylenes,  by  the  introduction  in  place  of  hydrogen  of  monad  radicles  derived 
from  benzene  or  its  homologues,  at  once  furnishes  an  explanation  of  their  be- 
haviour. 

This  is  also  the  case  with  certain  benzene  derivatives  such  as  (o — i)  chloro- 
toluene  or  benzylic  chloride,  C^H^.CH^Cl,  which  in  many  of  its  reactions  is 
strictly  analogous  to  the  a-chloroparaffins ;  CH,.CH,Cl,or  chlorethane,for  example. 
In  fact,  wherever  a  paraffin  residue  enters  into  the  composition  of  a  hydrocarbon, 
that  hydrocarbon  will  have  some  properties  in  common  with  the  paraffins, 
defines,  &c.,  and  may  occasionally  for  the  sake  of  convenience  be  regarded  as  a 
paraffin  or  define  derivative. 

Certain  hydrocarbons  such  as  naphthalene,  diphenyl,  anthracene  and  phenan* 
ihrene,  pyrene,  chrysene,  and  dinaphthyl,  exhibit  properties  which  indicate  that 
they  are   in  no   simple  way  related  to  the  paraffins,  but  that,  on  the  con- 


ethane,  C^Cl^,  and  tetrachloromethane,  CCl^;  similarly,  j3-chlorotetrane  (iso- 
primary  butylic  chloride),  C^U^Cl,  is  converted  by  heating  with  iodine  chloride, 
finally  at  240  (464°  F.),  into  octochloropropaue  and  tetrachloromethane  (Xraffb 
and  Merz,  Deut.  chem,  Ges,  JSer.,  viii.  1296).  It  is  especially  noteworthy 
that  hexachlorobenzene,  in  which  it  is  supposed  the  carbon  atoms  are  united  by 
one  and  two  affinities  of  each  alternately,  is  not  in  the  least  affected  by  heating 
with  iodine  chloride  even  at  300°  (572®  F.). 

*  The  student  should  remember  that  all  language  of  this  kind  is  not  to  be 
interpreted  absolutely,  being  rather  the  expression  of  our  ignorance  than  of  our 
knowledge.  The  hypothesis  of  which  such  language  is  exponent  is  merely  em- 
ployed to  enable  us  to  give  a  consistent  explanation  of  the  relations  of  the 
various  classes  of  bodies  to  one  another,  and  to  indicate  the  points  in  which  they 
differ  from,  or  resemble  one  another* 
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iraiy,  they  are  allied  more  or  less  closely  to  benzene.  It  is  therefore  proba- 
ble that  their  constitution  is  similar  to  that  of  benzene ;  and  just  as  the  carbon 
atoms  in  benzene  are  supposed  to  be  united  so  as  to  form  a  clo&ed  chain, 
having  as  it  were  but  a  single  loop,  the  carbon  atoms  in  these  hydrocarbons  are 
also  assumed  to  be  united  so  as  to  form  a  closed  chain,  the  chain  consisting,  how- 
ever, of  two  or  more  loops,  as  in  the  case  of  naphthalene  (p.  348),  anthracene 
(p.  374),  phenanthrene  (p.  380),  pyrene  (p.  384),  &o. 

It  is  very  remarkable  that  although  these  hydrocarbons  contain  relatively 
much  less  hydrogen  than  benzene,  they  nevertheless  combine  with  far  fewer 
atoms  of  bromine  or  chlorine.  Thus  naphthalene  unites  with  at  most  four 
atoms  of  chlorine,  and  anthracene  famishes  dibromanthracene  tetmbromide 
when  exposed  to  the  action  of  an  excess  of  bromine,  although  theoretically,  if 
these  hydrocarbons  were  capable  of  being  raised  to  the  type  of  the  paraffins,  we 
might  expect  them  to  unite  with  10  and  14  monad  atoms  respectively.  Phen- 
anthrene only  combines  with  two  atoms  of  bromine,  and  pyrene  is  converted 
into  dibromopyreue  dibromide  by  an  excess  of  bromine ;  lastly,  chrysene  does 
not  appear  to  furnish  additive  compounds  with  bromine.  Benzene,  naphthalene, 
anthracene  with  its  isomeride  phenanthrene,  and  chrysene,  may  be  regarded  as 
forming  a  series  the  terms  of  which  differ  from  each  other  by  »C^H,.  Although 
their  quinones,  except  that  of  anthracene,  closely  resemble  one  another,  yet  it 
will  be  seen  that  the  hydrocarbons  themselves  differ,  but  progressively  in  the 
same  direction.  Benzene,  for  example,  is  capable  of  combining  with  six  atoms 
of  bromine ;  naphthalene  unites  with  four ;  and  phenanthrene  with  two ;  whilst 
chrysene  appears  to  be  incapable  of  uniting  with  bromine.  From  this  it  would 
seem  that  the  formation  of  each  new  loop  in  the  chain  of  carbon  atoms  tends  to 
reduce  the  combining  power  by  two  units,  since  naphthalene  and  anthracene, 
each  of  which  has  two  loops,  combine  with  two  atoms  of  bromine  less  than 
benzene,  which  has  only  a  single  loop,  and  phenanthrene  and  pyrene,  whioh  have 
three  lopps,  combine  with  four  atoms  less  than  benzene.*  The  additive  com- 
pounds of  the  halogens  with  naphthalene,  anthracene,  phenanthrene,  pyrene  and 
chrysene  are  far  more  readily  produced  than  the  benzene  compounds,  and  do  not 
require  the  intervention  of  light.  As  experiments  have  not  yet  been  made  to 
ascertain  what  would  be  the  behaviour  of  these  hydrocarbons  under  conditions 
similar  to  those  which  lead  to  the  production  of  benzene  hexatromide  and 
hexachloride,  it  would  be  premature  to  attempt  to  draw  conclusions  from 
this  difference ;  but  the  subject  is  well  worthy  of  attention  and  investigation. 

It  is  a  question  whether  the  haloid  substitution  derivatives  of  hydrocarbons 
of  the  series  isologous  with  the  paraffins  are  in  any  case  directly  produced,  as  we 
suppose  the  substitution  derivatives  of  the  paraffins  to  be,  or  whether  their 
formation  is  not  always  preceded  by  that  of  additive  compounds.  It  is  beyond 
doubt  that  additive  compounds  are  first  formed  in  the  case  of  the  hydrocarbons 
of  the  series  intermediate  between  the  paraffins  and  the  benzenes,  and  also  from 


*  It  is  remarkable  that  all  the  hydrocarbons  in  which  the  carbon  atoms  are 
supposed  to  be  united  so  as  to  form  a  closed  chain,  containing  two  or  more 
loops  united  together  at  two  points,  such  as  naphthalene,  fluorene,  acenaphthene, 
anthracene,  phenanthrene,  pyrene,  chrysene,  and  dinaphthylmetbane,  combine 
with  trinitrophenol,  and  that  this  combination  does  not  occur  in  the  case  of  hy- 
drocarbons such  as  diphenyl,  in  which  there  are  also  two  loops,  but  united  only 
at  one  point  It  is  noteworthy,  moreover,  that  additive  compounds  have  not  yet 
been  obtained  from  diphenyl  and  dinaphthyl,  although  from  Sehultz's  experi- 
ments it  appears  probable  that  the  action  of  bromine  on  the  former  does  lead  to 
the  formation  of  an  additive  compound.  ^g.^.^^^ ^^ GoOglc 
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hydrocarbons  nuch  as  naphthalene  and  anthracene.  The  behaviour  of  benzene 
itself  justiAes  a  similar  conclusion,  althou^^h  the  extraordinary  facility  with 
which  cbloro-  and  bromo-substitntion  derivatives  of  its  higher  homologues  are 
formed,  especially  from  mesitylene,  tends  rather  to  favour  the  imprestfion  that 
tbey  are  produced  without  the  intervention  of  additive  compounds.  The  ready 
formation  of  dibromodiphenyl  by  the  mere  addition  of  bromine  to  the  hydro- 
carbon suspended  in  water  is  also  renuirkable  in  this  respect  It  must  be  borne 
in  mind,  however,  that  the  lower  bromine  additive  compounds  are  extremely 
unstable  bodies,  and  that  their  formation  is  therefore  very  likely  to  escape  notice. 
Thus  although  benzene  hexabromide,  C^H^Br^,  is  a  very  stable  substance,  the 
lower  compounds,  C^H^Br,  and  C^H^Br^  (which  have  never  been  isolated),  are 
apparently  very  unstable,  the  application  of  a  very  slight  degree  of  beat  sufficing  to 
decompose  them.*  Similarly;  although  additive  compounds  of  naphthalene  and 
anthracene  with  chlorine  are  known,  corresponding  bromine  compounds  have  not 
been  obtained,  naphthalene  yielding  mono-  and  dibromonaphthalenes,  and 
anthracene  being  converted,  even  by  minimum  quantities  of  bromine,  into 
dibromanthracene;  so  unstable  are  the  bromine  additive  compounds  of  these 
hydrocarbons. 

If  the  hydrocarbons  of  the  define  and  acetylene  series,  valylene,  and  dipro- 
pargyl,  are  compared  together  merely  with  reference  to  their  behaviour  with 
bromine,  it  is  evident  that  they  are  strictly  isologous  with  the  paraffins,  since 
they  combine  with  an  amount  of  bromine  which  is  the  equivalent  of  the  hydrogen 
withdrawn  in  their  formation  from  the  paraffins.  This  relation  does  not  obtain, 
however,  in  the  case  of  any  of  the  remaining  series  of  isologous  hydrocarbons, 
from  which  it  is  inferred  that  the  carbon  atoms  in  them  are  not  united  in  such  a 
manner  as  to  form  an  open  chain.  The  question  now  arises  whether  it  is  possible 
to  obtain  hydrocarbons  of  the  CaH^Q.g  and  higher  series,  having  the  carbon 
atoms  united  so  as  to  form  an  open  chain  P  Direct  experiments  bearing  upon 
this  question  have  not  as  yet  been  made,  but  it  is  not  improbable  that  the  results 
would  be  negative.  A  somewhat  similar  question,  and  one  which  is  of  some 
interest,  is  whether  a  C^^H^^  hydrocarbon  isomeric  with  the  terpenes,  and  possessed 
of  properties  which  would  justify  its  ranking  as  a  true  homologue  of  valylene,  can 
exist?  Our  present  knowledge  almost  warrants  the  conclusion  that  such  a 
hydrocarbon,  even  if  capable  of  existing,  would  be  extremely  unstable,  and  that 
it  would  be  readily  convertible  into  a  terpene ;  for  the  C^^Hj^  hydrocarbon  obtained 
from  diamylene  (1264)  has  the  properties  characteristic  of  the  terpenes. 

Another  allied  subject  requiring  discussion  is  the  composition  of  the  first  or 
lowest  term  of  each  of  the  series  of  isologous  hydrocarbons.  The  lowest  term 
of  the  paraffin  or  C^flfa  ^  ,  series  is  methane,  CH^,  but  the  first  term  of  the 
olefine  or  Cgjlfa  series  is  ethylene,  C,H^.  Numerous  experiments  have  been 
made  with  the  object  of  obtaining  the  hydrocarbon  CH,,  which  have  all  resulted 
in  the  formation  of  C,H^,  and  it  appears  to  be  almost  beyond  question  that  the 
lowest  term  of  the  olefine  series  which  can  exist  must  contain  two  atoms  of 
otrbon.   The  same  is  undoubtedly  true  of  the  0^11)^-1  series,  acetylene  being  the 


*  Experiments  have  recently  been  made  (Ador  and  Billiet,  Deut.  ckem, 
Cht.  Ber,,  viii.  1286),  but  with  no  very  definite  amount  of  success,  to  obtain 
derivatives  of  the  additive  compound  C^H^Br,,  by  adding  first  a  small  quantity 
of  bromine  to  a  relatively  very  large  quantity  of  benzene,  exposing  the  well- 
oooled  mixture  to  sunlight,  and  then  acting  on  the  product  with  zincic  ethide  .- 
the  resulting  mixture  of  hydrocarbons  was  afterwards  submitted  to  oxidation.  The 
acids  obtained  in  this  way  were  benzoic,  para-  and  metabromobenzoic,  isophthalic 
and  terephtiialio  aoida.  Digitized  by  GoOglc 
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lowest  possible  term  of  the  series.  With  regard  to  the  least  number  of  carbon 
atoms  which  may  be  associated  with  hydrogen  in  the  proportions  necessary  to 
form  lower  homolognes  of  valylene*  and  dipropargyl,  we  have  no  means  at 
present  of  judging ;  but  it  is  difficult  to  resist  the  impression  that,  as  the  series 
of  isologous  hydrocarbons  is  descended,  and  the  proportion  of  hydrogen  to 
carbon  diminishes,  the  number  of  carbon  atoms  contained  in  the  first  term  of 
each  series  becomes  greater  and  greater. 

There  is  also  very  little  evidence  to  show  how  few  carbon  atoms  can  be  united 
togethei*  so  as  to  form  a  closed  chain,  and  whether,  as  appears  probable,  benzene 
is  the  simplest  possible  instance  of  this  kind.  There  are,  however,  as  Meyer 
has  pointed  out  {Ann.  Chem,  Pharm.,  dxxx.  192),  a  considerable  number  of 
facts  which  tend  to  prove  that  a  closed  chain  cannot  be  formed  from  three  car- 
bon atoms.  Thus  it  might  be  expected  that  a-dibromopropane  (1189),  when 
heated  with  metallic  sodium,  would  furnish  a  hydrocarbon,  C,H,,  in  which  the 
carbon  atoms  are  united  in  a  closed  chain,  as  represented  by  the  following 
equation : 

CH,Br  /CH. 

1  /l 

CH,  +      aNa     =      2NaBr     +      (    CH,. 

I  \l 

CH.Br  ^CH, 

••Dibromopropane.  Isomeride  of  propjlene. 

It  has  been  found,  however,  that  the  reaction  does  not  take  place  in  this 
manner,  ordinary  propylene,  H^C  CH.CH^,  being  produced.  Examples 
which  are  more  to  the  purpose  are  afforded  by  the  behaviour  of  bromisobutylene 
and  iodallylene  towards  alkalies.  If  the  elements  of  a  molecule  of  haloid  acid 
were  withdrawn  from  each  of  these  compounds,  hydrocarbons  containing  three 
atoms  of  carbon  united  in  a  closed  chain  would  result,  thus: 

CH,  yCH,  CH,  /CH, 


C       -  HI  =     (    C      .  C.CH,  -   HBr  -      (     C.CH,. 

Ill  \iil  II  \ii 

CI  ^C  CHBr  ^CH 

lodalljleoe.  Bromitobatjlene. 

Iodallylene,  however,  is  not  in  the  least  affected,  even  when  heated  with  sodie 
ethylate ;  and  bromisobutylene,  which  is  not  attacked  by  an  aqueous  solution  of 
potaasic  hydrate,  is  converted  into  the  ether,  C^Uy.OC^H^,  by  the  action  of  an 


*  The  constitution  of  valylene  has  not  been  determined,  but  it  is  probable 

that  the  several  stagee  of  its  formation  from  amylene  are  correctly  represented 
by  the  following  formulae : 

CH.  CH.  CH.  CH,  CH, 

I  I  I  I  II 
C.CH.             CBr.CH.             C.CH.             CBr.CH,             C.CH, 

II  ;         I  ;         II       .  I  ;  I       . 

CH  CHBr  C  CBr  C 

II  II  II  III 

CH,  CH,  CH,  CH,  CH 

▲mjlene.         Amjleae  dibromide.       Yalerylene.  Yalerjrlene  dibromide.     YaJ^ku^ 
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ftlcoholio  solafcioT),  and  does  not  famish  a  hydrocarbon  even  when  heated  with 
Bolid  potastfic  hydrate.* 

From  these  few  observations  it  will  be  evident  how  much  remains  unknown 
with  regard  to  the  hydrocarbons,  and  how  difficult  it  is,  therefore,  to  institute  a 
satififactory  comparison  between  the  various  isologous  series*. 

The  foregoing  remarks  have  dealt  chiefly  with  the  relations  of  the  vacious 
series  of  isologous  hydrocarbons  as  exhibited  by  their  behaviour  with  chlorine  and 
bromine,  but  it  is  interesting  also  to  compare  them  with  reference  to  their  be- 
haviour with  other  reagents,  such  as  concentrated  nitric  and  sulphuric  acids,  and 
on  oxidation.  The  paraffins  resist  the  action  of  these  acids,  and  do  not  furnish 
substitution  or  additive  compounds  with  them  similar  to  those  obtained  from 
other  hydrocarbons  ;  the  olefines  and  acetylenes  combine  directly  with  sulphuric 
acid,  and  also,  in  most  cases,  are  readily  polymerized  by  this  acid,  but  they  do 
not  yield  characteristic  products  when  submitted  to  the  action  of  concentrated 
nitric  acid.  The  terpenes,  or  Cj,,Hj^  hydrocarbons,  appear  to  combine  with  sul- 
phuric acid,  but  the  resulting  compounds  are  excessively  unstable,  and,  there- 
fore, by  the  action  of  this  reagent  they  are  usually  polymerized ;  they  are  vio- 
lently attacked  by  strong  nitric  acid,  but  do  not  yield  characteristic  products. 
Benzene  and  its  homologues,  and  most  of  the  hydrocarbons  of  the  remaining 
isologous  series,  yield  substitution  derivatives  when  submitted  to  the  action  of 
concentrated  sulphuric  or  nitric  acid,  one  or  more  atoms  of  hydrogen  being  dis- 
placed by  the  corresponding  number  of  SO,H  or  NO,  groups;  in  all  these 
hydrocarbons,  it  is  assumed,  as  we  have  seen,  that  the  carbon  atoms,  in  part  at 
least,  are  united  so  as  to  form  a  closed  chain  ;  it  is  noteworthy,  moreover,  that 
the  hydrogen  atoms  which  are  displaced  are  always  attached  to  carbon  atoms 
which  form  part  of  the  closed  chain. 

By  prolonged  treatment  with  oxidizing  agents,  the  paraffins  are  converted 
into  mixtures  of  acids  of  the  acetic  and  succinic  series,  and  similar  products  are 
obtained  from  the  olefines,  which,  however,  are  far  more  readily  attacked ;  the 
law  of  oxidation  of  these  series  of  hydrocarbons  has  not  been  ascertained :  it  is 
only  known  that  the  products  usually  contain  fewer  atoms  of  carbon  than  the 
hydrocarbon  oxidized.  Little  is  known  of  the  manner  in  which  the  hydrocarbons 
of  the  CnHj„_^  and  C„Hj„_^  series  behave  on  oxidation,  but  the  investigation  of 
the  terpenes  in  this  direction  appears  to  promise  results  of  considerable  interest 
and  importance.  Benzene,  as  we  have  seen,  is  entirely  broken  up  on  oxidation, 
but  its  homologues  behave  differently :  the  closed  chain  or  C,  group  remaining 
intact,  whilst  the  side  chains  or  paraffin  residues  are  so  oxidized  that  only  the 
atom  or  atoms  of  carbon  which  are  directly  united  to  the  closed  chain  in  the  original 
hydrocarbon  remain  in  union  with  it  in  the  oxidation  product.  The  hydrocar- 
bons of  the  remaining  series  exhibit  a  similar  behaviour.  Those  in  which  all 
the  carbon  atoms  together  form  a  closed  chain,  having  two  or  more  loops  united 
together  at  two  points,  yield  quinones  on  oxidation ;  these  are  formed  from  the 


•  Some  time  since  Pinner  stated  that  the  hydrocarbon  C,H  was  produced 
by  the  action  of  sodium  on  the  so-called  dichlorallylene  from  "  croton  chloral." 
This  "  croton  chloral"  is  produced  by  the  action  of  chlorine  on  acetaldehyde,  and 
was  supposed  to  be  a  trichlorocrotonic  aldehyde  of  the  formula  C  H  CI  .COH, 
"  dichlorallylene,"  CgH^Cl,,  being  formed  from  'it  by  the  action  of  alkalies. 
Pinner  has  recently  admitted,  however,  that  "  croton  chloral,"  and  all  the  com- 
pounds derived  from  it,  contain  two  atoms  of  hydrogen  more  than  he  originally 
stated,  it  being  trichlorobutyric  aldehyde,  the  hydrocarbon  C,Hj  being  in  reality 
aliylene,  C,H^.  The  fMovo^Tomopropylene  derivatives  described  on  p.  206 
are  consequently  propane  derivatives. 
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hydrocarbon  by  the  displacement  of  two  atoms  of  hydrogen  by  two  of  oxygen, 
and  in  their  properties  closely  resemble  quinone,  C^H^O,,  which  is  similarly 
related  to  benzene  although  it  has  not  been  obtained  from  it  directly  by  oxida- 
tion,  probably  by  reason  of  the  very  slight  resistance  which  it  itself  opposes  to 
oxidation.  Those,  on  the  other  hand,  in  which  the  carbon  atoms  are  partially 
united  in  a  closed  chain,  and  partially  form  an  open  chain,  behave  like  the  ben- 
zene homologues,  the  closed  chain  usually  remaining  intact,  and  the  atom  or 
atoms  of  carbon  directly  associated  with  it  in  the  hydrocarbon  alone  remaining 
united  to  it  in  the  oxidation  product. 

It  is  noteworthy  that  the  action  of  oxidizing  agents  upon  the  hydrocarbons 
differs  greatly  from  that  of  chlorine  and  bromine,  since  carbon  atoms  united  onlj 
by  a  single  affinity  to  each  other  are  thereby  frequently  disunited ;  in  these 
cases,  however,  there  appears  always  to  be  an  accumulation  of  the  negative 
element  (oxygen)  at  the  point  of  rupture  previous  to  its  occurrence :  dibenzyl, 
C,H,.CH,.CHj,CgHj,  for  example,  being  doubtless  converted  into  the  ketone 
dibenzoyl,  0^Hf.C0.CO.C^H,,  before  it  is  resolved  into  two  molecules  of  benzoic 
acid. 

Hitherto  the  nature  of  the  differences  which  exist  between  the  various  series 
of  isologous  hydrocarbons  have  been  chiefly  considered,  but  it  is  to  be  noticed 
that  there  is  also  a  progressive  alteration  in  properties  in  the  case  of  the  succes- 
sive terms  of  each  homologous  series.  The  lowest  and  least  complex  members 
of  a  series  are  invariably  the  most  stable,  and  the  stability  diminishes  progres- 
sively as  the  series  is  ascended ;  moreover,  the  lowest  members  are  least  readily 
acted  upon^  and  their  derivatives  are  more  stable  than  those  of  the  succeeding 
terms.  Thus,  in  the  case  of  the  paraffins,  the  action  of  chlorine  appears  to  take 
place  more  readily,  the  greater  the  number  of  carbon  atoms ;  and  the  same  rela- 
tion obtains,  but  is  much  more  marked,  in  the  case  of  benzene  and  its  homo- 
logues :  on  the  other  hand,  the  mono-haloid  derivatives  of  methane  and  ethane 
when  submitted  to  the  action  of  alkalies,  lose  haloid  acid  only  at  a  high  tempera- 
ture, whereas  those  of  the  succeeding  homologues  are  converted  into  olefines  with 
increasing  facility  as  the  series  is  ascended.  Again,  the  olefines  appear  to  com- 
bine with  the  halogens  the  more  readily  the  more  complex  they  are,  but  the 
resulting  compounds  are  the  more  stable  the  fewer  the  carbon  atoms  tfiej 
contain.  The  same  is  true  with  regard  to  the  behaviour  of  homologous  hydv^ 
carbons  with  oxidizing  agents :  oxidation  being,  as  a  rule,  effected  the  more 
readily  the  more  complex  the  hydrocarbon.  It  is  necessary  to  remember,' 
however,  that  owing  to  the  occurrence  of  isomerism,  all  the  members  of  an 
homologous  series  are  not  strictly  comparable ;  the  several  terms  in  an  isomeric 
series  of  hydrocarbons  may  differ  greatly  in  properties,  and  therefore  in  order  t» 
ascertain  the  true  relations  of  homologues,  and  the  effect  of  a  repetition  of  a 
similar  alteration  in  composition,  it  is  necessary  to  compare  together  only  those 
homologues  which  occupy  similar  positions  in  the  isomeric  series  to  which  they 
respectively  belong. 

It  has  been  pointed  out  above  that  the  paraffins,  olefines,  acetylenes,  valylene, 
and  dipropargyl  may  be  regarded  as  terms  in  a  series  of  strictly  homologous 
hydrocarbons ;  the  carbon  atoms  in  these  hydrocarbons  being  always  united  in 
the  form  of  an  open  chain.  There  is  little  doubt  that  the  generation  of  the 
olefines  by  the  withdrawal  of  a  molecule  of  haloid  acid  from  the  monohaloid 
derivatives  of  the  paraffins,  and  of  the  acetylenes  from  the  monohaloid  deriva- 
tives of  the  olefines,  takes  place  in  accordance  with  a  law  which  is  probably  of 
general  application  in  all  cases  of  withdrawal  o?  haloid  acid  from  haloid  deriva- 
tives. Sufficient  material  has  already  been  accumulated  to  enable  us  to  define 
with  considenible  probability  the  nature  of  Uiis  law.  It  is  requisite,  in  the  first 
place,  to  bear  in  mind  that  in  aD  the  olefines  two  of  the  carbon  atoms  are  united 
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by  two  affinitieH  of  each,  so  that  they  are  Decessarily  contiguous :  thi«  is  a 
necesflary  inference  from  the  proof  above  given  that  carbon  atoms  which  are  only 
united  by  single  affinities  are  not  disunited  by  the  action  of  bromine,  and  thaut 
consequently  the  carbon  atoms  in  the  olefinea  do  not  form  a  closed  chain,  which 
is  the  only  alternative  if  it  be  not  admitted  that  two  of  them  are  united  by  two 
affinities  of  each.  In  the  formation  of  the  defines,  therefore,  from  the  mono- 
haloid  paraffins^  the  atom  of  halogen  and  an  atom  of  hydrogen  which  are 
attached  to  contiguous  carbon  atoms  are  withdrawn.  If  now  we  regard  the 
formation  of  the  three  hutylenes  from  the  four  iodotetranes  or  butylio  iodides, 
M  represented  by  the  following  equations : 

CH,.CH,.CH,.CH,I   -   HI   =   CH,.CH,.'CHzzCH,, 

Primary  bntylic  iodide.  Sthylethjiene. 

CH,.CH,.CHI.CH,   -   HI  =   CH,.CHzzCH.CH,, 

Becondary  bntylic  iodide.  opDimethyleUiyleiie. 


(CH,),CH.CH,I    ^ 

laoprimaiy  butylio  iodide. 

(CH.).CI 

Tertiary  bntylic  iodide. 


-   HI  =   (CH^,C=:CH,. 

^Dimethyktbylene. 


and  of  heptylene  from  the  iodide  of  dimethylisobutylcarbinol : 

(CH,),CI.CH,.CH(CH3),  -  HI   =    (CH,),ClzCH.CH(CH,)^ 

Simeihyliflobatyloarbjlie  iodide.  leopropyldimethylethyleDe. 

it  is  evident  that  the  hydrogen  is  always  withdrawn  from  the  lecut  Kydrogenized 
carbon  atom  contiguous  to  that  tp  which  the  halogen  is  attached.  This  rule 
appears  to  be  of  general  application,*  it  is  not,  however,* a  guide  in  the  case  of 
the  formation  of  the  defines  from  the  alcohols  by  the  action  of  dehydrating 
agents,  such  as  zincic  chloride ;  since,  as  Flavitzsky*s  experiments  have  conclu- 
sively proved  (ibid,  p.  340),  the  amylene  thus .  prepared  from  isoprimary  amvlio 
alcohd,  CH,(OH).CH,.CH(CH,),,  is  a  trimethylethylene,  CH,.HC=zC(CHJ,. 
Bat,  as  already  pointed  out  (p.  194),  the  reaction  in  the  latter  case  gives  rise  to  a 
very  complex  product,  and  the  occurrence  of  isomeric  change  is  therefore  by  no 
means  surprising.  The  formation  of  trimethylethylene  in  this  manner,  how- 
ever, is  of  considerable  interest  as  an  illustration  of  the  tendency  which  appears 
very  generally  to  exist  for  isomeric  change  to  occur  whenever  there  is  a  possibility 
of  the  production  of  new  methyl  groups  in  a  compound. 

If  we  now  turn  to  the  formation  of  the  acetylenes  from  the  dihaloid 
paraffins  and  monohaloid  olefines,  we  find  that  the  law  above  enunciated 
equally  obtains.     The  formation  of  the  monohaloid  olefines  from  the  dihaloid 


*  In  describing  the  olefines,  the  butylene  from  secondary  butylic  iodide  was 
represented  as  a  dimeth}  lelhylene  of  the  formula  CHjj.HC~CH.CHg,  and  it  was 
pointed  out  that  the  hexylene  from  mannite  was  probably  a  propylme'ohylethylene 
of  the  formula  CH^.BOlzCH.Cgll,*  .  Since  then  SaytzeflTs  investigation  of  the 
olefines  from  normal  bulylic  alcohol  and  diethylcarbinol  has  been  published  (Ann, 
Chem.  Phartn,,  clxxix.  296),  and  the  results  he  obtains  entirely  confirm  our 
views  with  regard  to  the  nature  of  the  olefines  from  secondary  butylic  and 
hexylic  iodides.  Probably  also  the  octylene  from  normal  secondary  octylic 
aldehyde  is  not  hexylethylene,  but  amylmethylethylene,  CH,.HClzCH.C,H^,*  . — 
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paraffins  differs,  however,  Bomewhat  from  that  of  the  olefines  from  the  mono- 
haloid  paraffins,  since  according  to  onr  present  knowledge,  there  appears  to  be  no 
tendency  in  the  latter  case  for  all  the  possible  products  to  be  formed :  secondary 
bntylic  iodide,  CH^.CHj.CHI.CH,,  for  example,  yielding  only  a-diraethylethy- 
lene,  and  not  a  mixture  of  it  with  ethylethylene ;  whereas  two  of  the 
possible  products  are  (probably  always)  obtained  from  the  dihaloid  paraf- 
fins. Thus  /3-diohloropropane  or  propylenic  chloride,  CH,.CHC1.CH,C1, 
furnishes  both  /3-chloropropylene,  CHg.CHlZiCHCl,  and  y-chloropropylene, 
CHj.CCllzCHj,  on  treatment  with  potassic  hvdrate ;  it  is  interesting  to  note, 
however,  that  the  third  possible  isoroeride,  a-chloropropylene,  CH^nCH.CHjCl, 
the  formation  of  which  involves  the  greatest  departure  from  the  law 
which  obtains  in  the  case  of  the  olefines,  is  not  produced.  Moreover,  the 
monohaloid  olefine  which  should  be  formed  according  to  the  law  enunciated  for 
the  olefines  generally  appears  to  be  the  chief  product ;  although  this  probably 
depends  mnch  on  the  conditions  of  experiment,  since  y-trichloropropane, 
CHj.CCl,.CH,Cl.  furnishes  a  mixture  of  jS-dichloropropylene,  CH^CCl.CH^CI, 
and  d-dichloropropylene,  CH^.CCl  C H^Clf  when  treated  with  water  or  with 
potassic  hydrate,  the  latter  being  chiefly  produced  when  potassic  hydrate  is 
employed  and  the  former  when  water  is  the  agent  (p.  205). 

The  formation  of  the  acetylenes  from  the  monohaloid  paraffins  takes  place,  in 
many  cases  at  least,  in  accordance  with  the  law  which  governs  the  production  of  the 
olefines,  but  hitherto  very  little  has  been  done  towards  ascertaining  their  oonstitu* 
tion.  The  production  of  acetylenes  capable  of  forming  metallic  derivatives,  and 
containing  therefore,  we  assume,  the  ^CH  group,  from  the  dichlorinated  paraf- 
fins formed  by  displacing  an  atom  of  oxygen  in  the  aldehydes  of  the  formula 
CqH^+i.CHj.COH  by  two  atoms  of  chloiine  (p.  216),  is  entirely  in  accordance 
with  this  assumption,  thus  : 

C„Hte+j.O«,.CHCl,    =     C„H,„  +  ,CH=ICHC1     +     HCl 

Dihaloid  paraffin.  Monohaloid  olefins. 

c.H„+,.cHz:cHa   =   c.h^+,.c=ch   +   na 

Monohaloid  olefine.  Aoetjlene. 

although  the  formation  from  methylethylketone  and  methylpropylketone  of  hydro- 
carbons having  similar  properties  by  a  parallel  reaction  is  contrary  to  the  law  in 
question : 

CH,.CC1,.CH,.CH,    -    2HCI     =     HC=C.CH,.CH, 

IHhaloid  paraffin  From  methyl-  Ethjlacetylene. 

ethylketone. 

CH,.CC1,.CH,.CH,.CH,    -    2HCI     =     HC=C.CH,.CH,.CH,. 

Dihaloid  paraffin  fhnn  methyl-  Propylacetylene. 

propylketone. 

Certain  of  the  monohaloid  olefines  fail  to  furnish  corresponding  acetylenes, 
a-bromopropylene  or  allylic  bromide,  for  example,  being  converted  by  an 
alcoholic  solution  of  potassic  hydrate  into  ethylallyl  ether,  CjH^.O.CjH^,  whereas 
its  isomerides  yield  allylene,  C,H^;  the  bromobutylene  (CH,)jCzzCHBr  as 
already  noticed  behaves  similarly. 

The  olefines  and  acetylenes  combine  with  the  haloid  acids,  &c.,  according  to 
a  law  just  as  definite  as  that  which  governs  their  formation.  The  combination  of 
the  haloid  acids  with  the  olefines  appears  always  to  take  place  in  such  a  manner 
that  the  halogen  attaches  itself  to  the  least  hydrogenized  carbon  atom ;  thus  the 
butylene  ethylethylene,  HjCzzCH.CjH^,  forms  with  hydriodic  acid  secondary 
bntylio      iodide,     H,C.CHI.C^^,     and     its     isomeride     /3-dimethylethylene, 
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HjCziCCCH,),,  is  converted  into  tertiary  butylic  iodide  H,C.Cr(CH,),,  whilst 
the  amylene  isopropylethyleDe,  HjCmCH.C^H,^  ,  famishes  the  secondary  iodide 
H^C.CHI.C^H/  .  All  these  examples  are  illustrations  of  the  tendency  to  accu- 
mulate methyl  groups  above  alluded  tOw  When  two  equally  hydrogenized 
carbon  atoms  are  present,  as  in  the  amylene  obtained  from  diethylcarbinol, 
H^C.HCzzCH.CHj.CHj,  and  the  hexylene  from  secondary  hexylic  iodide  from 
mannite,  H,C.HCzi:CU.C^H,* ,  the  halogen  becomes  attached  to  tbe  carbon 
atom  to  which  the  methyl  group  is  united :  these  two  compounds  furnishing 
respectively  the  iodides  H,C.CHI.CHg.CH,.CH,  (Saytzeff  and  Wagher,  Ann. 
Ckem.  Tk<»rm.,  cbcxix.  313)  and  H,C.CHI.CH,.C^H^*  .  When  no  methyl 
group  is  attached  to  either  of  the  carbon  atoms  which  are  united  by  two 
affinities,  the  halogen  probably  attaches  itself  to  tbat  with  which  the  least 
complex  or  most  stable  group  is  united.  Very  little  is  known  of  the  hydro- 
carbons of  the  acetylene  series,  but  they  appear  to  behave  similarly. 

When  the  defines  combine  with  the  haloid  acids,  isomeric  products  are  not 
obtained,*  but  the  result  is  different  when  they  combine  with  hypochlorous  or 
salphuric  acid.  Thus  from  Henry's  and  Markownikoff's  experiments  (Compf. 
Mend,,  Ixxix.  1203  and  1258;  Deui,  ehem.  Get.  Ber,,  viii.  1468),  it  appears 
that  propylene,  CH^.HCzzGH,,  unites  with  hypochlorous  acid,  forming  either 
monochlorinated  primary  propylic  alcohol,  CHj.CHCl.CHj(OH),  or  monochlori- 
nated  isoprimary  propylic  alcohol,  CH,.CH(OH).CHgClr  and  that  trimethyl- 
ethylene,  CHj.HClzC(CHJ,,  may  form  with  sulphuric  acid,  either  the  compound 
CH,.H,C.C(HSOJ(CH,),  or  CH,.CH(HS04).CH(CH,),:  the  former  being  pro- 
duced under  the  influence  of  a  more  concentrated  acid  than  the  latter  (ibid,  viii. 
1 340).  The  different  behaviour  of  the  haloid  acids,  and  of  hypochlorous  and  sul- 
phuric acids,  is  in  a  measure  explicable  when  it  is  remembered  that  in  the  haloid 
acids  the  powerfully  negative  halogen  is  associated  with  the  positive  hydrogen, 
whereas  we  may  regard  hypochlorous  acid  as  formed  of  tbe  two  radicles  OH  and 
CI,  both  of  which  are  negative ;  and  in  sulphuric  acid,  the  group  SO^H  is  far 
leas  negative  relatively  to  the  remaining  atom  of  hydrogen,  than  is  the  halogen 
in  the  haloid  acids  to  the  hydrogen  associated  with  it. 

The  combination  of  the  haloid  defines  with  the  haloid  acids,  however,  oflen 
results  in  the  formation  of  isomeric  bodies.  Thus  brom ethylene,  H,CltlCHBr, 
furnishes  a  mixture  of  the  two  dibromethanea,  CH^.CHBr,  and  CH^Br.CH^Br, 
and  many  similar  instances  might  be  quoted.  The  relative  proportions  of  the 
isomerides  produced  appears  to  be  entirely  dependent  upon  conditions  of  experi- 
ment, just  as  in  the  case  of  the  simultaneous  formation  of  isomeric  monohaloid 
derivatives  of  the  defines  from  the  dihaloid  paraflfins.  Thus  a-bromopropylene 
or  allylic  bromide,  H,CziCH.CHjBr,  is  almost  completely  converted  into 
a-dibromopropane,  CHjBr.CH,.CHjBr,  by  heating  with  a  saturated  solution  of 
hydrobromic  acid,  but  if  a  less  concentrated  acid  be  employed,  more  or  less 
/9-dibromopropane,  CH^.CHBr.CHjBr,  is  formed. 

Lastly,  it  is  important  to  compare  the  behaviour  of  the  hydrocarbons  of  the 
various  series  with  chlorine,  bromine,  nitric  acid,  &c.,  with  reference  to  the 
oonstitntion  of  the  substitution  derivatives  which  are  thus  formed.  Unfortu- 
nately, except  in  the  benzene  series,  very  little  systematic  research  has  been 
executed  with  the  view  to  ascertain  the  laws  which  govern  substitution.  We 
owe  to  Schorlemmer  the  important  discovery  that  two  isomeric  monochlorinated 
paraffins  are  simultaneously  generated  by  the  action  of  chlorine  on  tbe  normal 


*  It  is  not  improbable  that  the  higher  defines  will  be  found  to  furnish 
isomeric  compounds  with  the  haloid  acids,  and  similarly  the  higher  monohaloid 
paraffins  to  furnish  isomeric  defines. 
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paraffins ;  but  little,  however,  is  known  of  the  iBomeric  paraffins,  and  it  is  merely 
probable  that  many  of  them  behave  similarly.  The  two  monochlorinated  normal 
paraffins  are,  it  would  seem,  always  formed  by  the  displacement  of  an  atom  of 
hydrogen  either  in  the  CH,  group  or  in  the  CH,  group  with  which  the  CH, 
group  is  associated.  Our  knowledge  of  the  further  action  of  chlorine  is  extremely 
unsatisfactory.  In  the  case  of  ethane,  the  tendency  is  for  the  atoms  of  hydrogen 
attached  to  the  one  atom  of  carbon  to  be  displaced  before  those  attached  to  the 
other  are  affected,  although  there  is  reason  to  believe  that  a-dichlorethane  or 
ethylene  chloride,  CH^Cl.CH^Cl,  is  formed  together  with  ^-dichlorethane  or 
ethylidene  chloride,  GH,.CH,C1,,  by  the  action  of  chlorine  on  chlorethane  (p.  20o)» 
especially  as  bromethane  is  known  to  furnish  the  two  isomeric  dibromethanes 
when  heated  with  bromine  (Tawildarow,  Ann,  Ckem.  Pharm,,  dxxvi.  12). 
The  only  other  reliable  observations  bearing  upon  this  question  in  the  case  of 
the  paraffins,  are  those  of  Friedel  and  Silva,  according  to  whom  both  a-  and 
/3-chloropropane,  CH,.CH,.CH,C1  and  CH^.CHCl.CH,,  furnish  /3-dichloropropane, 
CH,.CHC1.CH,C1,  the  latter  also  yielding  d-dichloropropane,  CH,.CC1,.CH, ; 
whilst  /3-dichloropropane  is  converted  into  a  mixture  of  a-trichloropropone, 
CH,Cl.CHa.CH,Cl,  and  p-trichloropropane,  CH,.CHC1.CHC1,,  by  heating  with 
iodine  chloride.  It  is  difficult,  therefore,  in  the  case  of  the  paraffins,  to  say 
whether  an  atom  of  chlorine  or  bromine  associated  with  a  carbon  atom  tends  to 
attract  a  second  atom  of  chlorine  or  bromine  to,  or  to  repel  it  from,  the  same 
carbon  atom. 

The  nature  of  the  action  of  the  halogens,  A,c.,  on  benzene  and  its  homolo- 
gues  has  been  already  very  fully  discussed.  It  is  only  necessary  to  recall  the 
&ct  that  in  the  case  of  the  halogens,  the  tendency  is  always  to  produce  the  para* 
or  I  :  4  di-derivative  and  a  variable  amount  of  the  ortho-  or  i  :  2  di-derivative ; 
by  the  continued  action  of  the  halogen,  the  1:2:4  tri-derivative  appears  to 
be  the  main  if  not  the  sole  product  formed  from  the  para-  meta-  and  ortho- 
di-derivatives.  There  is  also  the  same  tendency  to  produce  a  para-  and  ortho- 
di-derivative  when  nitric  or  sulphuric  acid  acts  on  a  monohaloid  derivative  of 
benzene,  and  to  form  a  1:2:4  tri-derivative  when  they  act  upon  the  di-haloid 
derivative :  in  fact,  under  all  circumstances  the  T  :  2  :  4  tri-derivatives  are 
produced  in  preference.  Finally,  it  is  to  be  noticed  that  the  formation  of  substito- 
tion  derivatives  from  the  hydrocarbons  isologous  with  benzene  by  the  displace* 
ment  of  hydrogen  atoms  attached  to  the  carbon  atoms  which  are  united  in  a 
closed  chain,  to  judge  from  the  relatively  small  amount  of  evidence  at  our  dis- 
posal, appears  to  take  place  in  a  manner  precisely  similar  to  that  observed 
in  the  case  of  benzene ;  para-  and  ortho-  di-derivatives  being  foimed  by  the 
action  of  the  halogens,  and  meta-  di-derivatives  being  seldom  produced  ex- 
cept by  the  agency  of  nitric  and  sulphuric  acid.  In  fact,  substitution  gene* 
rally,  including  such  cases  as  the  formation  of  the  benzylbenzenes,  benzylto- 
luenes,  and  phenanthrene,  appears  to  be  regulated  by  similar  laws. 
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CHAPTER   VI. 

THE   ALCOHOLS, 

§  L  Alcohobof  the  C^H^+i.OH or ethylic  series; — §  11.  Alcohoh 
of  the  C^H^_i.OH  or  aUylic  series; — §  III.  Alcohols  of  the 
C^H^_^.OH  and  CJI^__^,OH  series;—^  IV.  Alcohols  of  the 
CJI^_^,OH  series ; — §  V.  Monohydric  alcohols  derived  from 
the  hydrocarbons  isohgous  with  benzene ; — §  VI.  Alcohols  of 
the  CJI^{OH)^  or  gly  colic  series; — §  VII.  Alcohols  of  the 
CJI^_s{OH)^  series  ;—^  YIIL  Dihydric  alcohols  of  other 
series ; — §  IX.  Alcohols  of  the  CJI^_^{OH)^  series ; — §  X. 
Alcohols  of  the  Cjr^_^{OH)^  series;—^  XI.  Alcohols  of  the 
CJI^^JiOH\  series;— \  XII.  Alcohols  of  the  CJI^^J^OH)^ 
series;—^  XIII.  Alcohols  of  the  CJI^^_J^OH)^  series,  the 
glucoses,  sucroses,  and  amyloses; — §  XIV.  Thioalcohols  of 
various  series. 

(141 7)  General  Character  of  the  Alcohols, — ^The  term  alcohol 
is  of  Arabic  origin^  and  was  originally  applied  specifically  to  the 
volatile  inflammahle  spirituous  liquid  which  is  the  characteristic 
product  of  the  fermentation  of  sugar;  since  then^  however,  it 
has  been  made  generic,  and  extended  to  a  class  of  bodies  which, 
for  the  most  part,  possess  qualities  more  or  less  analogous  to 
those  of  spirit  of  wine  or  ethylic  alcohol. 

The  term  alcohol  has  recently  received  a  still  further  extension 
of  meaning,  and  is  now  generally  applied  to  aU  those  compounds 
of  carbon,  oxygen,  and  hydrogen,  which  may  1)e  regarded  as 
derived  from  a  hydrocarbon  by  the  displacement  of  one  or  more 
hydrogen  atoms,  by  an  equal  number  of  the  monad  group  OH  : 
thus  including  such  substances  as  glycerin,  mannite,  phenol, 
henzhydrol,  orcin,  and  pyrogaUol;  and  it  is  in  this  extended 
dgnification  that  the  term  alcohol  will  be  employed  in  this 
volume. 

It  is  evident  that  not  only  will  each  series  of  isologous 
hydrocarbons  be  capable  of  giving  rise  to  a  corresponding  series 
of  alcohols,  but  that  the  same  hydrocarbon  may  give  rise  to 
alcohols  of  a  different  class,  according  as  one,  two,  three,  or  more 
hydrogen  atoms  are  displaced  by  one,  two,  three,  or  inqre  OH 
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groups.  For  instance^  not  only  do  the  isologons  hydrocarbons 
hexane^  C«Hj^  and  benzene,  C^H^  give  rise  to  the  alcohols 
C^Hij.OH  (hexylic  alcohol)  and  C^Hg.OH  (phenol),  bnt  the  same 
hydrocarbon  benzene  yields  phenol, C^Hg.OH,  resorcin,  C^HJfiH)^ 
and  pyrogallol,  CgH3(OH)3,  all  of  which  come  under  the  defini- 
tion of  alcohols.  In  order  to  distinguish  the  alcohols  containing 
one  OH  group  from  those  which  contain  two,  the  former  are 
called  monohydric  alcohols,  and  the  latter  dihydric ;  the  terms 
trihydricy  teirahydric,  &c.,  being  similarly  employed  to  designate 
those  which  contain  three,  four,  or  more  OH  groups.* 

It  is  important  to  notice  that  the  number  of  polyhydric 
alcohols  which  may  be  obtained  from  any  hydrocarbon  is  ap- 
parently limited  by  the  number  of  carbon  atoms  it  contains,  for 
it  has  been  found  that  each  carbon  atom  never  unites  with  more 
than  one  OH  group  to  form  a  stable  combination  ;t  thus,  although 
methane,  CH^  can  yield  a  monohydric  alcohol,  CHg.OH,  no  cor- 
responding dihydric  alcohol,  CHj(OH)2,  has  been  isolated ;  from 
ethane,  CjH^  a  monohydric  alcohol,  CgHj.OH,  can  be  obtained, 
and  also  a  dihydric  alcohol,  CgH^(OH)y  but  no  trihydric  or 
tetrahydric. 

§  I,  Monohydric  Alcohols  of  the  CnH2n^.i.0H  or  Ethylic 

Series. 

(141 8)  This  series  contains  by  far  the  largest  number  of  those 
alcohols  which  are  best  known  and  which  have  been  most  com- 
pletely investigated.  Their  modes  of  formation,  reactions,  and 
chemical  relations  may  best  be  illustrated  by  considering  them 
as  derived  from  the  corresponding  paraffins  by  the  displacement 
of  one  atom  of  hydrogen  by  one  OH  group,  although  they  may 
also  be  regarded  as  compounds  of  hydroxyl.  Oil,  with  positive 
monad  organic  radicles  of  the  methyl  series,  or  as  water  in  which 
one  atom  of  hydrogen  has  been  displaced  by  the  radicle.     For 


*  The  terms  monatomic,  diatomic,  &c.,  have  been  ased  for  the  purpose  of 
claB?ification  of  the  alcohols  in  the  same  sense  as  monohydric,  dihydric,  <&c.,  but  a 
reference  to  the  meaning  attached  to  the  word  atomic  (note  p.  44)  will  at  once 
show  the  inconsistency  of  such  a  nomenclature. 

t  The  possihiliiy  of  the  existence  of  compounds  in  which  more  than  one 
OH  group  is  directly  associated  with  the  same  carbon  atom  is  even  disputed  by 
some  chemists.  Many,  however,  contend  that  they  ai-e  capable  of  existing  in 
the  presence  of  an  excess  of  water ;  and  that  it  is  impossible  to  isolate  them 
merely  on  account  of  their  instability  and  the  tendency  which  they  exhibit  to 
split  up  with  elimination  of  the  elements  of  a  molecule  of  water.  This  subject 
will  be  more  fully  treated  when  the  dihydric  alcohols  are  discussed. 
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instance,  we  may  suppose  ethylic  alcohol,  CHj.CH,(OH)  or 
O,H,.0H,  either  to  be  derived  from  ethane,  CHj.CHg,  by  the 
displacement  of  H  by  OH,  or  to  be  formed  by  the  union  of  the 
radicle  ethyl,  CH,.CH,  or  C^Hg,  with  hydroxy  1,  OH,  or  we  may 
represent  it  as  water,  OH^p  in  which  H  has  been  displaced  by 
C^H..  Obviously,  however,  these  are  mere  distinctions  in  words, 
and  indicate  no  real  differences. 

Of  these  alcohols  the  following  terms  are*  known : 

Methylic  alcohol CH,.OH 

EthyUc         „ C,H,.OH 

Propylic       „        CjH^.OH 

Butylic  or  tetrylic  alcohol    .     •     .  C^H^.OH  ) 

Pentylic  or  amylic       „        ...  C^H|j.OH 

Hexylic  alcohol     .     .  •    .     •     •     •  C^H^^^OH 

Heptylic     „         C^Hi^.OH 

OctyUc        „         C^HiyOH 

Nonylic      „         C^H^^-OH 

Cetylic        „         C„H3,.OH 

Cerotic  or  oerylic CjyHgj.OH 

Melissic       „  Cj^H^i-OH 

(1419)  Classification. — The  ethylic  series  of  monhydric  alcohob 
comprises  a  large  number  of  isomerides,  which  may  be  con-* 
Tcniently  arranged  in  three  great  groups  of  primary,  secondary, 
and  tertiary  alcohols ;  these  being  again  divisible  into  sub-groups. 
The  members  of  each  of  these  three  groups  are  especially 
characterized  and  distinguished  the  one  from  the  other  by  their 
behaviour  on  oxidation.  Moreover,  the  boiling  points  of  any  one 
of  the  primary  alcohols  is  always  higher  than  that  of  the  corre- 
sponding secondary  alcohol,  and  the  latter,  again,  higher  than  that 
of  the  corsesponding  tertiary  aicohoL 

Kolbe  was  the  first  to  apply  a  systematic  classification  to  the 
alcohols,  giving  them  the  generic  name  of  carbinols.  In  hi»  system, 
the  first  term  of  the  series,  methylic  alcohol,  CH^.OH,  is  called 
carbinol,  and  all  the  homologous  alcohols  are  regarded  as  derived 
from  it  by  the  displacement  of  one  or  more  ot  the  three  hydrogen 
atoms  of  the  CH,  group  by  monad  radicles  of  the  form  C^H^^.^ ; 
thus  ethylic  alcohol  is  methyl  carbinol,  CH^(CH^.0H,  being 
derived  from  carbinol,  CH^.OH,  by  the  displacement  of  one  of 
the  hjdrogen  atoms  by  CHj>  normal  propylic  alcohol  again  is 
ethyl  carbinol,  CH,(CjHJ.OH,  whilst  the  isomeric  isopropylic 
alcohol  is  dimethyl  carbinol,  CH(CH3)j.0H.  Those  alcohols 
which,  from  their  manner  of  formation  or  the  reactions  they 
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exhibit^  majr  be  regarded  as  derivatives  of  carbinol  in  which  only 
a  single  hydrogen  atom  in  the  CH,  group  is  displaced  by  a 
CqH^b+i  ^^dic^^e  are  termed  primary  alcohols ;  whilst^  if  two  atoms 
of  hydrogen  are  displaced  by  radicles  of  the  general  form 
CjjHgn^p  the  alcohol  is  a  secondary  alcohol;  and  in  a  similar 
manner  those  in  which  all  three  are  displaced  are  called  terHaty 
alcohols.  The  three  groups  of  primary^  secondary^  and  tertiary 
alcohols  may  therefore  be  represented  by  the  following  general 
formulae,  CH3.OH  being  that  of  methylic  alcohol  or  carbinol 
itself: 

CH,(C,H2.+x).0H  ,    CH(C„H^^,),.OH  ,    CCC.H^^Os-OH. 

Primuy  oMrbinoL  Seoondaiy  carblzK>L  TertUrj  earbmoL 

It  should  be  observed^  however^  that  in  a  secondary  alcohol  it  is 
not  necessary  that  both  the  monad  radicles  represented  by  the 
general  formula  C^H^q^.^  should  be  the  same ;  for  instance,  one 
of  the  groups  may  be  methyl,  and  the  other  ethyl,  giving  rise  to 
the  secondary  alcohol,  methylethyl  carbinol,  CH{CHj)(C2H5).OH. 
This  remark  applies  with  equal  force  to  the  tertiary  alcohols, 
although  as  yet  no  alcohols  have  been  prepared  containing  more 
than  two  different  radicles. 

(1420)  IsomerUm  of  the  Alcohols  of  the  Ethytic  Series. — ^As 
there  is  every  reason  for  believing  that  the  three  hydrogen  atoms 
of  the  methyl  group  in  carbinol  are  of  equal  value,  only  one 
ethylic  alcohol  can  exist ;  this  is  derived  from  carbinol  by  the  dis- 
placement of  one  atom  of  hydrogen  by  methyl : 

CH3.OH  CH3.CH3.OH. 

CarbiDoL  Metlqrl  earbiDoL 

Of  the  next  term  of  the  series,  however,  propylic  alcohol,  two 
isomerides  are  possible ;  one  formed  by  the  displacement  of  one 
atom  of  hydrogen  in  carbinol  by  ethyl,  the  other  by  the  dis- 
placement of  two  hydrogen  atoms  by  two  methyl  groups : 

C,H5.CHjj.0H  (CHj)3CH.0H. 

Ethyl  oarbinol.  Dimethyl  earbinol. 

As  the  series  of  alcohols  is  ascended,  the  number  of  possible 
iM)meric  modifications  increases  very  rapidly;  thus  the  alcohol 
C^Hj.OH  (butyhc  alcohol)  admits  of  four  different  modifica- 
tions, all  of  which  have  been  obtained ;  they  may  be  considered 
as  derived  from  carbinol  in  the  manner  indicated  by  the  fol- 
lowing fprmulse : 
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CH3 

OH 

OH 

OH 

iOH 

oubm^L 

iwprop^  ewUiioL 

Ethjlmathjl 
oarbinol. 

TiimethTl 
carbinol. 

Two  of  these^  it  will  be  seen,  are  primary  alcohols ;  one  is  a 
secondary,  and  one  a  tertiary  alcohol.  If  we  suppose  the  group  OH 
removed  from  each  of  these  formulae,  four  isomeric  monad  hydro- 
carbon groups  (butyls)  remain — namely,  CHg.CHg.CHg.CHj, 
CH3.CH(CH3)3,CH(CH3)(C2H5),  and  C(CH3),— and  by  introducing 
these  into  carbinol  in  place  of  one  atom  of  hydrogen,  four 
isomeric  primary  butylcarbinols,  or  amylic  alcohols,  will  be  ob- 
tained; in  addition  to  which  three  isomeric  secondary,  and  one 
tertiary,  amylic  alcohol  are  possible  : 


Ci 


rCH2.CH3.CH2.CH3 
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^OH 
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fCH(CH,)(CsH^ 
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fC(CHs)3 
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butjl  carbinol. 
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butyl  carbinol. 


fCH^^CHj^CHj 
CH. 
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Primary-propyl 
methyl  earbinol. 
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C,H3 

H 
OH 


Dietb;! 
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methyl  carbl 

(C,H, 

CH3 

CH3 
l^OH 

.     Bthyl  dimethyl  carbinol 

Of  these  amylic  alcohols  seven  have  been  already  obtained. 
These  examples  will  suffice  to  illustrate  the  manner  in  which  the 
various  isomeric  alcohols  are  derived  from,  and  allied  to  carbinol. 


Methods  of  formation  of  the  Alcohols  of  the 

CnH2n^.i.0H    OB   EtHYHC    SbRIES. 

(1421)     Primary     Alcohols: 
methods  of    preparing    these    alcohols   are    at   present 
which  are  of  general  application. 

I.  From  Paraffitis. — ^It  has  already  been  noticed  that  when  the 
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normal  paraffins  are  acted  on  by  chlorine,  they  furnish  a  mixture 
of  two  isomeric  monochlorinated  derivatives.  One  of  these,  that 
which  possesses  the  higher  boiling  point,  has  the  composition 
represented  by  the  general  formula,  CnHgn^j.CHjCl ;  and  by 
heating  with  argentic  acetate,  or  a  mixture  of  potassic  aoetate  and 
glacial  acetic  acid,  may  be  converted  into  the  corresponding 
acetate  : 

CnH^+iCHgCl  +   KC.HjO,  =  C,H^^i-CH,(C,H30j^   +   KCl. 

CH3.CHJ.CH3CI  +  KC2H3O3  =  CH,.CH2.CH3(C,H80jj)  +  KCL 

orChloropropane.  ProBjIle  aoetatie. 

By  the  action  of  potassic  hydrate  solution  on  this  acetate, 
potassic  acetate  and  the  normal  primary  alcohol  are  produced : 

C,H^^i.CH,(C,H,0^  +  KHO  =  C,H2,+i.CH3.0H  +  KC.H^O,. 
C,H,.CH,(C,H30j^    +   KHO   =   CgHg.CHj.OH  +  KC^HjOj. 

Pfropylie  acetate.  Propyllo  alcohol. 

On  account  of  the  great  difficulty  of  separating  the  isomeric 
chloroparaffins,  this  method  is  not  available  for  the  preparation  of 
the  pure  normal  primary  alcohols. 

The  isoparaffins  also  furnish  two  monochloroparaffins  on 
treatment  with  chlorine,  and  that  of  higher  boiling  point  may  be 
converted  in  the  manner  above  described  into  the  corresponding 
isoprimary  alcohol.  The  behaviour  of  other  paraffins  with  chlo- 
rine has  not  been  studied,  but  isoprimary  alcohols  will  doubtless 
also  be  procured  from  many  of  them. 

a.  From  Primary  Aldehydes. — It  was  discovered  by  Wurtz  that 
the  aldehydes  may  be  converted  into  the  corresponding  primary 
alcohols  by  means  of  nascent  hydrogen  : 

CnHgn+i-COH     +     Hg    s=    C^Hgn+i.CHj.OH. 

CH5.COH   +   Hg  =   CH3.CH2.OH. 

Acotic  aldehyde.  Ethyllc  aloohoU 

The  method  usually  adopted  is  to  add  sodium  amalgam  to  a 
mixture  of  the  aldehyde  and  water,  taking  care  to  keep  the 
solution  acid  by  the  addition  of  dilute  sulphuric  acid  from  time 
to  time.  Schorlenmier  recommends  that  the  aldehyde  should  be 
dissolved  in  acetic  acid  when  it  is  not  readily  soluble  in  water 
{Ann.  Chem.  Pharm.,  clxxvii.  303).    • 

In  this  way  the  normal  primary  aldehydes  are  converted  into 
normal  primary  alcohols,  aud  the  isomeric  aldehydes  furnish 
isomeric  primary  alcohols.  But  the  method  is  of  great  impor- 
tance not  only  on  this  agcount,  but  also  because  it  affords  a 
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means  of  obtaining  any  given  alcohol  from  the  one  next  below  it 
in  the  series.  For  example,  methylic  'alcohol,  CH3.OH,  is  con- 
verted by  the  action  of  hydriodic  acid  into  methylic  iodide  or 
iodomethane,  CH3I,  and  by  heating  this  with  potassic  cyanide 
cyanomethane,  CH3.CN,  is  produced.  By  digesting  cyanome- 
thane  with  a  solution  of  sodic  hydrate,  sodic  acetate  is  produced  : 

CH5.CN   +   OH,  +  NaOH   =  CHj.COONa   +   NH,; 

Cyanometlume.  Sodio  aoeUta. 

and  when  a  dry  mixture  of  sodic  acetate  and  sodic  formate  is 
distilled,  it  yields  acetic  aldehyde : 

CH^.COONa    +     HCOONa    =    CH3.COH    +    Na^COj. 

Sodio  acetate.  Sodic  formate.  Acetio  aldehyde. 

Finally,  ethylic  alcohol  is  prepared  from  the  aldehyde  by  Wurtz's 
method.  In  a  similar  manner,  ethylic  alcohol  may  be  converted 
into  primary  propylic  alcohol,  and  primary  propylic  alcohol  into 
normal  primary  butylic  alcohol,  and  thus  the  series  of  primary 
alcohols  may  be  ascended. 

^^'  Prom  Acid  Anhydrides, — ^The  acid  anhydrides  are  also  con- 
verted into  primary  alcohols  by  the  action  of  nascent  hydrogen 
produced  by  carefully  adding  sodium  amalgam  to  a  mixture  of 
the  anhydride  with  the  acid  from  which  it  is  derived  (Linnemann, 
Ann.  Chem.  Pharm,,  clxi.  178)  : 

CnH^Ii.Co)^  +  4H,  =   :jC,H^^,.CH,.OH   +  OH,. 
c'h^!co1°  +  4H3  =  2C3H7.CH,.OH  +  OH,. 

8     7'         ' 
Batyrio  anfajdride.  Batyllo  alcohol 

A  better  yield  of  alcohol  is  usually  obtained  by  a  modification 
of  this  method,  by  the  action  of  sodium  amalgam  on  a  mixture 
of  the  acid  with  its  chloride  (Linnemann :  Saytzeff) : 

CnHan+i.COCl   -h   aH,  =   C„H,„+i.CH,.OH  +  HCl. 
C3N7.COCI   +   2H,  =   C3H7.CH,.OH    +   HCl. 

'Butyric  dUoride.  Botylio  aloohoL 

In  both  instances  the  acid  serves  to  generate  hydrogen  with  the 
amalgam,  and  probably  both  the  anhydride  and  chloride  are 
reduced  to  aldehyde  previous  to  their  conversion  into  alcohol. 
By  the  employment  of  anhydrides  and  chlorides  derived  from 
normal  primary  acids,  normal  primary  alcohols  are  obtained,  whilst 
those  derived  from  isomeric  acids  furnish  isoprimary  alooholsp^^ip 

o 
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Primary  propylic  alcohol  is  formed  in  small  quantity  during 
fermentation^  and  seyeral  of  the  normal  primary  alcohols  occur 
as  ethereal  saUs  in  certain  vegetable  products ;  for  instance,  the 
oil  of  wintergreen  from  the  Gaultheria  procumbens  consists  chiefly 
of  methylic  salicylate,  whilst  the  oils  from  Heracleum  giganteumj 
H,  spondylium,  and  Partinacea  saiiva  contain  ethylic  butyrate, 
hexylic  butyrate,  and  octylic  acetate  (Gutzeit,  Ann.  Chem.  Pharm., 
clxx.  344).  Chinese  wax  consists  chiefly  of  eery  lie  cerotate, 
cerylic  -alcohol  being  the  highest  term  but  one  of  the  series.  The 
isoprimary  butylic,  amylic,  and  (probably)  hexylic  alcohols  are 
constituents  of  the  so-called  fusel  oil,  which  is  the  residue  of 
high  boiling  point  obtained  on  distilling  the  crude  alcohol  manu- 
factured by  fermentation. 


C  H 
Secondary  Alcohols  :      "  i/^'*'^ 


CH.OH.— These  alcohols. 


we  have  seen,  may  be  regarded  as  carbinol,  CH,.OH,  in  which 
two  atoms  of  hydrogen  are  displaced  by  two  similar  or  different 
monad  hydrocarbon  radicles  of  the  general  formula  C^^Hsn^.!*  If 
these  groups  are  normal  radicles,  that  is  to  say,  if  their  carbon 
atoms  are  arranged  in  a  single  chain  as  in  the  normal  paraffins, 
the  alcohols  are  termed  normal  secondary  alcohols ;  and  when 
this  is  not  the  case  they  are  termed  isosecondary  alcohols. 
Several  general  methods  of  preparation  are  known. 

I.  IVom  Paraffins. — The  chloroparaflfins  of  lower  boiling  point 
produced  by  the  action  of  chlorine  on  the  normal  and  isoparaffins 
may  be  converted  into  normal  and  isosecondary  alcohols  respec- 
tively, by  the  same  series  of  reactions  as  are  employed  in  preparing 
primary  alcohols  from  the  paraffins  ;  thus : 

CH,CHC1.CH3   +  KC3H3O,  =   CH3.CH(C3Hs03).CH3  +  KCl. 

^-Chloropropane.  Iiopropylio  aoetato. 

CHj.CH(C,HjOg).CHj  +  KHO  =  CH,.CH(OH).CHj  +  KC,H,Oj. 

laopropylic  acetate.  Secondary  propylic  alcohoL 

The  chloroparaffins  which  furnish  secondary,  are  far  less  stable 
than  those  which  yield  primary  alcohols,  and  a  considerable 
amount  of  the  corresponding  olefine  is  usually  generated  together 
with  the  acetate,  by  the  secondary  reaction  illustrated  in  the 
following  equation : 

CH,.CHCLCH^C^,  +  KC,H,0,  =  CH,.CH=rCH.C,H,  +  KCl  +  HC^,0,. 

/S-Chloropentane.  a-Ethylmethylethylene. 

a.  From  Ketones, — The  ketones  of  the  general  formula 
CnHjn+i.CO.CnjHjjn^.1  are   converted  by  the  actiop^of  nascent 
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hydrogen  into  secondary  alcohols,  the  reaction  being  prcijisely 
similar  to  that  by  which  aldehydes  are  converted  into  primary 
alcohols  : 

CnHjn+i.CO.C^Hjm+i    +    Hj,    =    CnH2n+i.CH(OH).C^H2ni+i- 

CHj.CO.CjjHj  +   Ha  =   CH3.CH(OH).CjH6. 

Methylethylketone.  HethylethylcarbinoL 

The  ketones  wbich  contain  normal  radicles  alone  furnish  normal 
alcohols,  those  which  contain  isoradicles  yielding  isosecondary 
alcohols. 

3.  Prom  Ethylic  Formate  and  the  Zinc  Organo-metallic  Com- 
pounds,— Secondary  alcohols  are  also  obtained  by  the  action  of  the 
zinc  organo-metallic  compounds  on  ethylic  formate,  and  subsequent 
treatment  of  the  product  with  water.  The  reaction  probably 
occurs  in  several  phases  as  represented  by  the  following  equations 
(Wagner  and  SaytzeflF,  Ann.  Chem  Pharm.y  clxxv.  361) : 

HCO.OC,H,   +   Zn(C,H.),  =  HC(C.H,)(Zn.OC,H  J.OC.H, ; 

Sthylio  formate.  Zindo  ethide. 

HC(C,H.XZn.OC.H.).OC,H,  +  Zn(C.H,).  =  HC(C.H,).(Zii.OC.H  J  +  Zn  j^^« 
HC(C,HJ,(Zn.OC,H.)    -1-    2OH,   =  HC(C,H,),.OH  4    Zn(OH),   +' C,H.. 

Diethylcarbinol. 

4.  From  Chlorinated  Ether. — ^A  fourth  method  of  preparing 
secondary  alcohols,  which  appears  to  be  of  general  application, 
consists  in  acting  with  the  zinc  organo-metallic  compounds  on 
the  dichlorethylic  ether  produced  by  the  action  of  hydrochloric 
acid  on  aldehyde ;  the  ether  which  is  thus  obtained  is  converted 
into  the  iodoparaffin  by  heating  with  hydriodic  acid  solution, 
and  from  this  the  alcohol  may  be  prepared  (See  p.  413,  Kessel, 
Ann,  Chem.  Pharm.,  clxxv.  44) : 


Diohlorethylio  oxide.  Secondary  batylio  oxide. 

CT;:CH(C;hJ}<>   +    ^HI   =   2CH..CHI.C,H.  +  OH^ 


SeooDdary  Imtylio  oxide.  Seeendary  tmtylic  iodide. 

It  would  probably  be  possible  to  convert  the  ether  directly 
into  the  alcohol  by  heating  it  with  dilute  sulphuric  acid. 

Tertiary  Alcohols  :  CnH,^^!  [  C.OH. — ^Although  it  cannot 

be  doubted  that  tertiary  alcohols  may  exist  containing  three 
dissimilar  radicles  in  place  of  the  three  atoms  of  hydrogen  in  ihe 
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^Hg  group  in  carbinol,  all  the  alcohols  at  present  known  eontain 
three  similar^  or  two  similar  and  one  dissimilar^  radicles.  The 
only  general  method  of  preparing  them  is  to  act  upon  the  chlorides 
of  the  acids  of  the  acetic  series  with  the  zinc  oipmo-metallic 
compounds^  and  subsequently  to  decompose  the  product  with 
water.  The  manner  in  which  the  reaction  takes  place  is  not  yet 
placed  beyond  doubt^  but  it  exhibits  seTcral  phases.  According 
to  Wagner  and  Saytzeff  (toe.  cit,)  the  following  equations  represent 
the  changes  which  finally  result  in  the  formation  of  trimethyl* 
carbinol^  for  instance^  from  acetic  chloride  and  zincic  methide : 

CH,.COa   -f   Zn(CH,),  =   CH^.CCl(CHJ(ZikOCHJ. 

▲oetio  ohlorlde,      Zinde  methide. 

The  reaction  represented  by  this  equation  is  extremely  violent,  and  if  water  i» 
added  when  the  acid  cUoride  and  zinc  compoands  are  mixed  in  the  proportions 
indicated,  a  ketone  is  obtained.  The  decomposition  may  be  supposed  to  take 
place  in  the  manner  expressed  by  the  equation  t 

CH^.CCl(CHJ(Zn.OCHJ  +  2OH,  =  CH,.CC1(CHJ(0H)  +  Zn(OH),  +  GH,; 

the  compound  CH,.CC1(CH,)  (OH)  splitting  up  into  the  ketone  CH,.CO.CH,.  and 
hydrochloric  acid.  If,  however,  a  second  molecule  of  the  zinc  compound  b» 
added,  a  further  reaction  slowly  takes  place,  consisting  probably  in  the  displace- 
ment of  the-  chlorine  by  methyl : 

CH..Ca(CHJ(Zn.OCHJ  +  Zn(CHj,  =  CH^.C(CH^,(Zn.OCHj  -f  ZnaCH,. 

The  compound  ZnClCH,  appears  from  Butlerow's  experiment,  by  whom  this  me- 
thod was  discovered,  in  some  way  to  enter  into  combination  with  the  aiain  pro- 
duct of  the  reaction.  Finally,  the  formation  of  trimethylcarbinol  by  the  actioo 
of  water  on  this  product  is  represented  by  the  following  equation : 

CH..C(CHJ,(ZnOCH,)   +    2OH,   =   C(CHj^.OH   +   Zn(OH),   +  CH^. 

On  the  other  hand,  it  may  be  supposed  that  the  first  action  of  the  zinc  com- 
pound is  to  convert  the  acid  chloride  into  the  ketone  : 

CH,.COa   +   Zn(CH,)^  =   CH^.CO.CH,   +   ZnClCH,; 

and  that  then  by  the  action  of  a  second  molecule  of  the  zinc  compound  the 
ketone  is  slowly  converted  into  the  body  which  furnishes  the  alcohol  on  treat- 
ment with  water : 

CH,.CO.CH,  +   Zn(CHJ,  =  C(CHj/Zn.OCH^ 

This  latter  view  is  supported  by  the  circumstance  that  the  zinc  organo-metallic 
compounda,  Zu(CqH,q^i)^  react  with  great  readiness  upon  haloid  derivatives 
generally,  the  halogen  being  displaced  by  the  hydrocarbon  radicle,  and  that 
therefore  it  is  probable  that  by  their  action  upon  the  acid  chlorides,  the  chlorine 
would  be  directly  displaced ;  moreover  it  appears  likely  from  the  general  beha- 
viour of  these  zinc  compounds,  that  in  a  reaction  of  this  kind  much  heat  would 
be  developed,  which  is  the  case,  whereas  it  is  not  probable  that  aa  action  of  the 
kind  supposed  to  take  place  by  Wagner  and  Saytzeff  would  be  Attended  by  the 
developement  of  a  very  large  amount  of  heat. 

Several    other  methods  of  preparing   alcohols^<^are   known 
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irhicli  are  of  considerable  importance,  but  they  are  not  so  gene- 
rally applicable  ;  and  the  alcohols  which  they  furnish  are  sometimes 
primary,  sometimes  secondary,  and  sometimes  tertiary. 

I.  Thus   alcohols  may  be   obtained  from    the  iodoparaffins 
formed  by  combining  the  olefines  with  hydriodic  acid. 

Tke  combination  appears  always  to  take  place  in  such  a  manner  that  the 
iodine  attadies  itself  to  the  le^t  hydrogenized  carbon  atom  in  the  olefine,  so  that 
it  is  possible  to  predict  the  nature  of  the  alcohol  which  will  be  obtained  from  a 
gtren  olefine ;  and  on  the  other  band,  to  infer  the  nature  of  the  olefine  from  that 
cf  the  alcohol  which  is  obtained  from  it  in  this  way.  The  following  general 
equations  represent  the  behaviour  of  the  three  classes  of  olefines  : 

H.Cz=CH.C,H^+i  +    HI   =   H,C.CHI.C,H^«. 

H.Ct=C(C,H^^O.   +   HI   =    H,C.CI(C,H^^,V 
^aHjn+i.HCzzCH.CaHjn+i   +    HI   =  CnH,„^.i.HjC.CHI,CmHjm+i.^ 

The  following  represent  special  cases : 

H,Cz:CH.C,H.   +   HI   =   H,C.CHI.C,H,. 

Normal  batylene.  Secondary  batylic  iodide. 

H,C=ZC(CH,),  +   HI   =   H,C.CI(CH,),.      ^ 
laobntylene.  Tertiuy  batylio  iodide. 

H,aHCz:CH.C,H,  +   HI   =    H,C.HCI.CH^C,H,. 

Amylene.  Secondary  amylic  iodide. 

In  order  to  convert  the  iodoparaffins  thus  produced  into  alcohols,  the  method 
of  digesting  them  with  plumbic  hydrate  and  water,  recently  suggested  by 
Flavitzky  {Ann.  Chem.  Phaatn,,  clxxv.  380),  may  probably  be  employed  witii 
advantage: 

2C„Hta+iI   +   Pb(OH),  =    2C„H,„^i.0H   +   Pbl,. 

The  iodoparaffins  corresponding  to  the  primary  alcohols  are  but  little  affected  on 
heating  with  water  in  closed  vessels  even  "at  a  comparatively  high  temperature; 
they  are  the  more  acted  upon,  however,  the  higher  their  molecular  weight. 
The  iodoparaffins  corresponding  to  secondary  alcohols  are  much  more  readily 
acted  upon,  and  those  corresponding  to  the  tertiary  alcohols  are  still  more  easily  at- 
tacked. But  the  conversion  into  alcohol  and  haloid  acid  according  to  the 
equation : 

C„Hto«I   +  OH,  =   C„H^+i.OH    +   HI, 

is  never  complete  owing  to  the  occurrence  of  the. in  verse  action,  although  it  be- 
comes the  more  so  the  greater  the  quantity  of  water  employed  and  the  higher 
the  temperature  to  which  the  mixture  is  heated.  When  the  hydriodic  acid  is  re- 
moved from  the' sphere  of  action,  as  is  the  case  when  plumbic  hydrate  is  used,  the 
conversion  into  alcohol  is  almost  complete  and  also  takes  place  more  readily.  It 
is  merely  necessary  to  heat  the  iodoparaffin  on  the  water  bath  with  water  and  an 


•  If  the  two  radicles  in  the  olefines  of  the  form  CnH,„+|.HCt:CH.Cn,H^+, 
are  dissimilar  and  one. of  them  is  methyl,  it  appears  from  Wagner  and  Saytzeff's 
experiments  {Ann,  CJiem.  Pliarm ,  clxxix.  303)  that  the  iodine  always  attaches 
itself  to  the  carbon  atom  to  which  the  methyl  group  is  attached. 
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ezcesR  of  plumbic  hydrate  in  a  flask  attached  to  a  reversed  condenser;  the  product  is 
aflerwardH  distilled  off,  and  digested- with  a  small  quantity  of  argentic  oxide  in  order 
to  remove  the  last  traces  of  iodine.  In  cases  where  this  method  is  inapplicable, 
the  iodoparaffin  is  converted  into  an  ethereal  salt  by  double  decomposition  with 
argentic  or  potassic  acetate,  and  the  acetate  is  then  saponified. 

2.  The  olefines  are  also  converted  into  alcohols  by  combining 
them  with  hypochlorous  acid,  and  submitting  the  resulting 
chlorinated  alcohols  in  aqueous  solution  to  the  action  of  sodium 
amalgam : 

CJl^  +  C1.0H  =  C^H^^CLOH. 

C,H2,a.0H   +   H,  =  C^Ha^^i.OH   +  HQ. 
(CH3)2C— CH,  -f   C1.0H   =   (CH3)3ClC.CHa.OH. 

Iflobafylene.  Chlorisobatjlic  alcohol. 

(CH3)jClC.CH5j.OH  4   Hj  =  (CH,)jHC.CHj,.OH  +  HCl. 

Ghloriflobatylio  alcohol.  Isobntylic  alcohol. 

3.  Alcohols  are  also  produced  from  the  olefines  by  combining 
them  with  sulphuric  acid,  and  distilling  the  resulting  acid 
ethereal  sulphates  with  water : 

C„Hj„   +   H3SO,  =  C„H3„+,.HS0,; 

C„Hj„+,.HS04  +  OHj  =  C„H,„+i.OH  +  HjSO^. 

(CH,),CI=CH,  +   H,SO,  =   (CH,),C(HSOJ.CH,j 

laobntjlene.  Tertiary-batylie  hydric  sulphate. 

(CH,)3C(HS0J.CHj  +  OH,  =  (CHj)jC(OH).CH,  +  HjSO^. 

Tertiaiy-bntylic  hydric  sulphate.  Tertiazy-batylic  aloohoL 

The  law  which  governs  the  union  of  the  olefines  with  hypo- 
chlorous  and  sulphuric  acids  has  already  been  discussed  (p.  401). 

4.  Butlerow  has  recently  shown  that  in  contact  with  dilute 
nitric  acid  and  a  little  alcohol,  the  olefines  (like  many  of  the 
CjQHjg  hydrocarbons)  slowly  unite  with  water  to  form  an  alcohol 
{Ann.  Chem,  Pharm.y  clxxx.  245)  :* 

H,Cz:C(CH3),  +   OH,  =  C(CH3)3.0H. 

iBohatylene.  TrimethylcarbiDol. 

On  neutralizing  the  solution  and  distilling,  the  alcohol  passes  over. 


*  According  to  Le  Bel  {Compt  Rend.,  Ixxxi.  967),  the  olefines  are  gradually 
changed  in  contact  with  water  alone,  and  heptene  and  its  higher  homologues 
even  yield  crystaljine  hydrates.  This  observation  is  of  interest  as  it  serves  to 
explain  the  absence  of  olefines  firom  natural  petroleum. 
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5.  When  the  nitrites  of  the  primaiy  monamines  such  as 
ethylamine  and  its  homologues  are  gently  heated  in  aqueous 
solution,  they  are  decomposed  with  evolution  of  nitrogen  and 
formation  of  the  corresponding  alcohols : 

C.Hto^.i.NH,(NOs^   =  C„H»,+i.OH  +  N,  +   OH,. 

C,H,.NHj(NO,)  =  CjHj.OH  +  N,  +  OH^ 

Ethylammonlo  nitrite.  Ethylic  aloohol. 

This  method  is  difficult  of  execution,  however,  and  very  often 
does  not  yield  favourable  results. 

(1432)  Diafffiosis  of  Primary,  Secondary,  and  Tertiary  Alco- 
hols.— ^The  three  classes  of  alcohols  are  *  distinguished  by  their 
behaviour  on  oxidation,  but  in  order  to  ascertain  the  nature  of  a 
given  alcohol  by  a  study  of  its  oxidation  products  it  is  necessary, 
as  a  rule,  to  submit  the  latter  to  examination  by  quantitative 
analysis.  Meyer  and  Locher  have  shown,  however,  that  the 
three  classes  of  alcohols  may  be  much  more  readily  distinguished 
by  the  aid  of  the  corresponding  nitroparaffins,  even  when  only 
very  small  quantities  of  material  are  at  the  disposal  of  the 
operator.  The  alcohol  is  first  converted  into  the  iodoparaffin  by 
treatment  with  hydriodic  acid,  and  the  dry  iodoparaffin  is  then 
added  to  about  an  equal  weight  of  dry  argentic  nitrite,  which  has 
been  intimately  mixed  with  its  own  volume  of  fine  white  sand  :  the 
nitrite  is  contained  in  a  small  distillation  flask  provided  with  a  side 
tube  four  or  five  inches  long,  and  when  the  action  is  over,  the  pro- 
duct is  distilled  off  by  heating  with  a  bare  flame,  and  is  received  in 
a  small  test  tube.  The  distillate  is  then  mixed  with  about  three 
times  its  volume  of  a  solution  of  potassic  nitrite  in  a  strong  solu- 
tion of  potassic  hydrate,  and,  after  shaking  well,  dilute  sulphuric 
acid  is  added  drop  by  drop.  If  the  alcohdl  is  a  primary  alcohol 
and  a  primary  nitroparaffin  has  been  produced,  the  liquid  at  once 
assumes  an  intense  dark  red  colour  (p.  167) ;  if  it  is  a  secon- 
dary alcohol  it  becomes  dark  blue  (p.  168) ;  whilst  the  product 
from  the  tertiary  alcohol  remains  colourless,  nitrous  acid  being 
without  action  on  the  tertiary  nitroparaffins.  No  more  than 
•5  grm.  of  the  iodoparaffin  is  required  to  produce  these  reactions 
with  perfect  distinctness  {Ann.  Chem.  Pharm.,  clxxx.  139). 

General  Properties  and  Reactions  of  the  Alcohols 

OP    THE    C^Hjn+i.OH    OR  EtHYLIC    SeRIES. 

(1423}  The  first  nine  members  of  the  series,  with  the  excep- 
tion of  some  of  the  tertiary  alcohols,  which  are  solid,  are^colour- 

Digitized  by  VjOOQ IC 


416  ALCOHOLS    OF   THE    ETHYLIC    SERIES.  [1434. 

less  liquids  at  the  ordinary  temperature  :  methylic^  ethylic,  and 
propylic  alcohols  being  miscible  ^ith  water  in  all  proportions; 
whilst  cetylic,  cerylic,  and  melissic  alcohols  are  crystalline  solids^ 
insoluble  in  water.  The  other  terms  are  oily  liquids,  the  mo- 
bility of  which,  and  also  their  solubility  in  water^  decreases  as 
the  series  is  ascended.  Nearly  all  the  alcohols  possess  charac- 
teristic odours,  and  are  inflammable  either  at  the  ordinary 
temperature  or  when  heated. 

(1424)  Behaviour  of  the  Alcohols  on  Oxidation. — When 
strongly  heated  or  burnt  in  presence  of  excess  of  oxygen,  the 
alcohols  are  converted  into  carbonic  anhydride  and  water,  as 
is  generally  the  case  with  carbon  compounds ;  but  when  sub- 
mitted to  what  is  commonly  termed  "  limited^^  or  graduated 
oxidation  (p.  71),  results  are  obtained  varying  with  the  nature  of 
the  alcohol,  which  are  of  the  greatest  value,  as  they  usually  enable 
us  to  ascertain  whether  it  is  a  primary,  secondary,  or  tertiary 
alcohol. 

Primary  Alcohols. — ^The  first  action  of  oxidizing  agents  on 
these  alcohols  is  to  remove  a  molecule  of  hydrogen  giving  rise  to 
aldehydes  containing  the  same  number  of  carbon  atoms  : 

CH3.CH2.OH  +  O  =  CH3.COH   +  OH3. 

Ethylic  alcohol.  Acetic  aldehyde. 

These  aldehydes  by  the  further  action  of  the  oxidizing  agent  are 
then  converted  into  acids  of  the  acetic  series^  also  containing  the 
same  number  of  carbon  atoms  as  the  original  alcohols : 

CH3.COH    +   O   =   CH3.COOH. 

Acetic  aldehyde.  Acetic  acid. 

In  some  cases  a  portion  of  the  acid  produced  acts  on  unat- 
tacked  alcohol  giving  rise  to  an  ethereal  salt  : 

CH3.COOH  -h  C3HB.OH  =  CH3.COOC3H5   +   OHy 

Acetic  acid.  Ethylic  alcohol.  Ethylic  acetate. 

The  oxidation  of  a  primary  alcohol  may  therefore  give  rise  to 
three  distinct  products:  an  aldehyde,  an  acid,  and*  an  ethereal 
salt.  The  relative  proportions  in  which  these  three  bodies  are 
produced  is  dependent  upon  the  conditions  under  which  the 
oxidation  is  eflfected :  that  is  to  say,  upon  the  nature  of  the 
oxidizing  agent,  and  probably  also  upon  the  nature  of  the  alcohol 
itself;  upon  the  temperature;  and  especially  upon  the  concentra- 
tion of  the  oxidizing  solution. 

•    Secondary  Alcohols. — ^In  the  case  of  the  secondary  alcohols 
also,  the  oxidation  occurs  in  two  stages,  but  in  the  first,  instead 
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of  an  aldehyde,  a  ketone  containing  the  same  number  of  carbon 
atoms  as  the  alcohol  is  produced : 


(CH3),CH.0H  -h  O  =  (CH3),C0  +  OH,. 

Itopropjlic  alcohol  or  AMtone  or 

DimethylovbinoL  IMinethylketoiM. 


By  the  continued  action  of  the  oxidizing  agent,  however,  the 
ketone  is  converted  into  one  or  more  acids  of  the  acetic  series 
containing  a  smaller  number  of  carbon  atoms ;  thus  : 

CHj.CO.CH3   +   36  =   CH3.COOH   +    H.COOH. 

AMtone.  Aoetie  add.  Formlo  add. 

Tertiary  Alcohols. — Oxidation  products  containing  the  same 
number  of  carbon  atoms  are  never  obtained  from  these  alcohols ; 
but  in  some  cases  a  ketone  with  one  or  more  acids  of  the  acetic 
series,  in  others  one  or  more  acids  of  the  acetic  series  alone,  are 
produced.     For  example : 

CCCH^VOH  +  30   =   COCCHj)^  +  H.COOH  ^.  OH,. 

TrimethjloarbmoL  Acetone.  Formic  add. 

C(C,H,)3.0H  +  60  =  CjHg.COOH  +  aCHj.COOH   ^  OH,. 

Triathyloarblnol.  Proptonlo  add.  Acetic  add. 

It  will  thus  be  seen  that  the  three  classes  of  alcohols  behave 
very  differently,  for  whilst  the  primary  alcohols  yield  aldehydes 
containing  the  same  number  of  carbon  atoms,  which  by  further 
oxidation  are  converted  into  acids  of  the  acetic  series,  also  con- 
taining the  same  number  of  carbon  atoms  as  the  original  alcohols ; 
the  secondary  alcohols  yield  ketones  containing  the  same  number 
of  carbon  atoms,  but  which  on  further  oxidation  furnish  acids 
of  the  acetic  series  containing  fewer  carbon  atoms  than  the 
original  alcohols ;  lastly,  the  tertiary  alcohols  do  not  under  any 
circumstances  yield  products  containing  the  same  number  of 
carbon  atoms. 

The  behaviour  of  the  different  classes  of  alcohols  on  oxidation 
will  be  better  understood,  however,  if  the  changes  which  probably 
occur  are  considered. 

It  IB  to  be  noticed  that  the  oxidation  ib  always  effected  in  presence  of  water : 
the  reagent  most  commonly  employed  being  a  mixture  of  potassic  dicbromate, 
snlphuric  acid,  and  water.  There  is  no  doubt,  moreover,  that  the  water  plays 
an  important  part  in  tbe  reaction,  although  the  precise  manner  in  which  it  acts 
is  not  yet  undemtood ;  probably,  however,  tbe  water  and  the  "  na»cent"  oxygen 
together  exercise  an  action  which  is  in  a  measure  equivalent  to  that  of  Lydric 
peroxide,  and  this  is  indicated  in  the  following  equations  by  printing  the  oxygen 
and  water  together  ia  a  Uauket.  ^  . 
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If  the  action  of  oxidizing  agents  on  primary  alcoholn  bp  repreBented,  a«  it  i» 
usually,  aa  a  mere  withdrawal  of  two  atoms  of  hydrogen  by  the  oiygen  : 

C,Hj„^,.CH.(OH)   +   0   =   C„H,„,.COH   +  OH,. 

Primary  alcohol.  Aldehyde. 

it  is  difficult  to  understand  why  the  atoms  of  hydrogen  of  the  OH  group  and 
one  of  the  atoms  from  the  CH,  group  are  withdrawn,  the  two  atoma  having 
apparently  very  dissimilar  functions  in  the  compound;  and  the  alternative 
hypothesis  that  the  two  atoms  of  hydrogen  are  withdrawn  from  the  CH,  group, 
and  that  thereupon  the  0  and  H  in  the  OH  group  become  disunited,  and  ent4>r 
into  union  with  the  carbon  atom,  is  equally  unsatinfactory.  A  natural  interpre- 
tation of  the  reaction  appears  to  be  afforded,  however,  by  the  assumption  that 
the  oxygen  and  water  acting  together  lead  to  the  displacement  of  an  atom  of 
hydrogen  in  the  CH,  g^'oup  by  OH,  and  that  the  ret^ulting  "  aldehyde  hydrate" 
is  atler wards  resolved  into  aldehyde  and  water : 

C,H,„^,.CH,(OH)  +    (0  +  OH.)  =   C„H^^,.CH(OH).   +   OH.; 

Primary  alcohol.  Aldehyde  hydrate. 

C„H^+,.CH(OH).   =    OH,   +    C„H,„^,.COH. 

Aldehyde  hydrate.  Aldehyde. 

Aldehyde  hydrates,  such  as  according  to  this  view  are  supposed  to  be  the  imme- 
diate products  of  the  oxidation  of  primary  alcohols,  are  known  to  exint,  but  they 
are  extremely  unstable  bodies  (see  Glycols,  and  Aldehydes  of  the  Acetic  Series) ; 
and  this  fact  goes  iar  towards  proving  the  cx)rrectnt8d  of  the  above  explanation  of 
the  manner  in  which  the  aldehydes  are  formed. 

The  conversion  of  the  secondary   alcohols  into   ketones  is  explained  in  a 
similar  manner,  the  immediate  products  of  oxidation  being  ''  ketone  hydrates'* : 


n^u"""*"'   icH.OH   +    (0   +   OH,)   =    ^»^^+*   lc(OH).   -i-   OH. 

iloohol.  Ketone  hydrate. 

^uHjn  +  ,    )   C^OH"^      =     OH      4-     ^n^«n  + 1   I  CO 


Secondary  alcohol.  Ketone  hydrate. 

Ketone  hydrat€.  Ketone. 


In  the  cape  of  the  tertiary  alcoholn,  however,  it  appears  that  at  first  one  of 
the  radicles  is  split  off  under  the  iniiuence  of  the  oxidizing  agent,  and  it  may 
W  supposed  is  displaced  by  OH ;  and  it  is  probab.e  that  the  immediate  products 
of  oxidation  are  a  ketone  hydrate,  and  an  alcohol  of  the  ethylic  series : 

<:Al^\c.(m  +  (0  +  OH,)  =  ^"J""^'  lc(OH),  +  C,H^  +  ,.OH. 

Tertiary  alcohol.  Ketone  hydrate.  Alcohol. 

The  radicle  CpH^p  ^.,,  thus  split  off,  appears  always  to  be  the  least  stable^ 
which  ib  Ubuully  the  most  complex.  It  is  represented  as  forming  an  alcohol, although 


*  In  this  formula  «,  fw,  and  p  may  hnve  the  same  value,  or  ft  and  m  the 
same  value  but  p  be  different,  or  each  may  have  a  different  value ;  the  formula 
l)einf7  so  written  in  order  to  include  tertiary  alcohols  containing  two  or  three 
dissimilar  radicles. 

Digitized  by  VjOOQ IC 


1425*]  ACTION    O?   SODIUM.  419 

alcohoU  are  never  obtained  as  products  of  the  reaction,  being  at  once  further 
oxidized :  the  oxidation  products  of  the  radicle  C^H^p  ^  1  may  bo  readily  inferred, 
however,  by  the  aid  of  the  ralea  here  laid  down,  according  as  it  is  a  primary, 
i^econdary,  or  tertiary  radicle :  that  is  to  say,  according  as  it  may  be  supposed  to 
form  a  primary,  secondary,  or  tertiary  alcohol  when  combined  with  OH.  The 
ketone  hydrate  is  converted  by  loss  of  water  into  a  ketone.  It  is  true  that  the 
formation  of  ketones  has  not  always  been  observed  in  the  oxidation  of  the  tertiary 
alcohols,  but  this  is  probably  because  the  conditions  of  experiment  have  been 
8uch  that  the  ketone  has  been  at  once  further  oxidized. 

The  behaviour  of  the  ketones  on  oxidation  is  very  similar  to  that  of  the 
tertiary  alcohols.  One  of  the  radicles — and  if  the  ketone  contain  dissimilar 
radicles  it  is  always  the  less  stabln,  which  is  usually  the  more  complex  radicle — 
is  split  off  and  separately  oxidized,  being  presumably  displa<;ed  by  OH ;  an  acid 
of  the  acetic  series  is  thus  produced,  and,  as  before,  it  may  be  supposed  that  the 
radicle  which  is  displaced  forms  an  alcohol : 


^'-5'»+»    IcO    +    (0   +   OHJ     =     C„H^  +  ,.COOH    +    C„H,„  +  ,.OH. 


Ketone.  Add.  Alcohol. 


If  the  radicle  which  is  displaced  be  a  primary  radicle,  CnH^g  ^  i.CH^,  it  will 
form  a  primary  alcohol,  and  this  will  finally  be  converted  into  an  acid  of  the 
fonn  CnHjg  ^  ,.COOH  on  oxidation.  The  behaviour  of  ketones,  and  also  of 
tertiary  alcohols, containing  secondary  radicles,  (CuHjq  4  i),CH,  or  tertiary  radicles, 
(C„Hjn  4  |),C,  has  not  been  investigated,  but  it  is  almost  beyond  ^oubt  that  it 
will  be  found  to  accord  perfectly  with  the  results  already  obtained,  and  which 
are  expressed  in  the  laws  above  given. 

(1425)  Other  Eeactions  of  the  Alcohols  of  the  Cjl^^y{0\l) 
Series. — i.  Many  of  the  alcohols  are  oxidized  when  heated  to 
a  high  temperature  with  potassic  hydrate,  yielding  a  potassic 
salt  of  an  acid  of  the  acetic  series,  with  simultaneous  elimiuatioii 
of  hydrogen  : 

C„H.,„^i.CIl2(0H)   +    KOH   =   CJIj^+i.COOK  +    2U,. 
CH3CH2(OH)   +   KOH   =  CH3.COOK   +   aH,. 

£thjrlic  alcohol.  Potaesio  acetate. 

The  behaviour  of  secondary  and  tertiary  alcohols  has  not  becu 
ascertained,  that  of  primary  alcohols  only  being  known. 

2.  The  alcohols  are  readily  attacked  by  metallic  sodium  or 
potassium,  with  evolution  of  hydrogen  aud  the  formation  of  a 
metallic  derivative : 


»• 


2C„H2,^i.OH   +   2Na   =    2C^H2„+i.ONa  +   li 
2C2H5.OH   +   2Na  =   aC^Hg.ONa  +   II^. 

Ethjlic  hydrate.  Sodic  ethylate. 

Similar  compound!)  «nre  formed  when  potassic  hydrate  is  dis- 
solved in  a  large  excess  of  the  alcohol,  and   the  pCJ^cgs^  @?*)^^C 

£  E  <^ 
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off:  they  are  the  more  readily  produced  the  higher  the  molecular 
weight  of  the  alcohol : 

CnH^+iOH  +  KOH   =  C^H^+i.OK  +  OH,. 

C4H^.0H   +   KOH  =  C^H^.OK   +   OH,. 

BotjUo  hydrate.  Potaado  batjlaie. 

In  this  case^  the  water  as  it  is  formed  is  carried  off  by  the  vapour 
of  the  anhydrous  or  nearly  anhydrous  alcohol.  It  follows  from 
this  that  it  is  very  difficult  or  almost  impossible  to  dehydrate  an 
alcohol  by  means  of  metallic  sodium^  or  of  potassic  or  sodic 
hydrate^  especially  if  it  have  a  high  boiling  point. 

3.  The  alcohols  are  all  converted  into  the  corresponding 
monohaloid  paraffin  derivatives  by  the  action  of  the  haloid  acids  : 

C„H,.^,.OH  +   HI  =  C„H^^.I  +  OH,. 
CgH^-OH  +   HI  =  CjHyl  +  OH,. 

Propjlic  alcohol.  lodopropane. 

This  reaction  affords  the  most  oonvenient  method  of  preparing  pore 
monohaloid  paraffin  derivatives.  The'best  plan  of  operating  is  either  to  saturate 
the  alcohol,  or  a  mixture  of  the  alcohol  and  a  saturated  aqueous  solution  of  the 
haloid  acid  in  convenient  proportions,  with  the  gaseous  haloid  acid  at  o**  (32^  F.)^ 
and  to  heat  the  mixture  in  closed  tubes.  The  heat  of  the  water  bath  is  usually 
sufficient.  The  conversion  of  the  alcohol  into  the  haloid  paraffin  is  never  perfect, 
but  appears  to  be  the  more  complete  the  greater  the  proportion  of  haloid  add 
employed ;  the  amount  of  haloid  para£in  produced  varies  aIi»o  with  the  tempera- 
ture. In  order  to  purify  the  product  it  is  washed  with  wat«r,  then  placed  in 
contact  with  calcic  chloride,  and  when  dry  submitted  to  fractional  distillation. 

4.  The  haloid  phosphorus  compounds  act  with  great  readiness 
on  the  alcohols  in  the  manner  represented  by  the  following  equa- 
tions (see  also  Ethylic  Alcohol^  p.  430) : 

a.  PCI3  +  C,H^+,.OH   =  PCl,.0C„H2„^i  ^.  HCl. 

./3.  PCl,.0C„H2,^i   +   C,H,„^i.OH   =   PCl(OC„H^+i),  +  HQ. 

y.  PCl(OC,H2„^i)2  -h   C,H^+i.OH   =  P(0C,H^^i)8  +   HCL* 

a.  PCI3  +  C^Hj^^i.OH  =  POCI3  +  C„H,„^iCl  +   HCl. 

/3.  POCI3   +  C^Ha,+i.OH  =  POClg-OC^H^^,  +  HCl. 

7.  POCl,.OC,H^+i  ^  C,H2,+x.0H  =  P0Cl(0C,H^^i)2  +  Ha. 

S.   POC1(OC,H^^O,  +  C^H^^pOH  =  P0(0C,H^^i)3  +  HCl. 

The  bromine  and  iodine  compounds  appear  to  behave  similarly, 
but  their  action  has  not  been  so  thoroughly  examined. 


*  It  is  usually  stated  that  by  the  action  of  phosphoric  oxychloride  and 
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5.  Many  of  the  organic  acids,  when  heated  with  the 
alcohols,  furnish  the  corresponding  ethereal  salts  or  "  compound 
ethers"  : 

CnH^+i  OH    ^.   R'.COOH  ==   R^COOC„Hto+l  -f  OH,. 

CjHg.OH   +  CH3.COOH  =  CHj.COOCjHg  +  OH,. 

EthyUo  alcohol.  Aoetio  add.  BthyUc  aostate. 

Nitric,*  sulphuric,  and  phosphoric  acids  also  readily  enter  into 
reaction  with  the  alcohols,  and  especially  with  the  lower  terms 
of  the  series ;  as  a  rule  the  polybasic  acids,  both  mineral  and 
organic,  yield  acid  salts  : 

C3H5.OH   +   HNO3  =  C^Hj-NOj   +   OHj. 

EthyUo  alcohol.  EthjUc  nitrate 

C5H11.OH  +  HjSO^  =r  CgHn.HSO^  +  OH,. 

Amylio  alcohol.  Amylic  hydiic  sulphate. 

6.  By  the  action  of  phosphoric  anhydride  on  the  alcohols, 
ethereal  salts  of  pnosphoric  acid  are  produced : 

5C„H,„+vOH+P,0,=PO(OC„H^+i),+PO,H(OC„H,.^,),+«OH,. 
SC.Hj.OH  +  Vp,  =  P0(0CjH5)j  +  PO,H{OC,H,),  +  2OH,. 

Ethylie  alcohoL  TricthyUo  phoqihate.  Hydric  diethylio 


phoAphoTOQS  chloride  on  alcohols  the  corresponding  monohaloid  paraffins  and 
phosphoric  or  phosphorous  acid  are  produced,  thas  : 

POCl,     +     3C^H.„  +  ,.0H     =     PO(OH),     +     3CnH,a  +  ,Cl5 

Phosphoric  ozyehloride.  AloohoL  Phoaphoric  add.  Haloid  paraffln. 

PCI,     +     3CnH„+,.0H     =     PO,H,      +     3C„H,„  +  ,a; 

Phoaphorooa  chloride.  AloohoL  Phosphoroiie  add.  Haloid  paraiBii. 

and  that  from  these  acids  ethereal  salts  are  formed  hy  the  action  of  another  por- 
tion of  the  alcohol.  This  interpretation  of  the  reaction  appears,  however,  to  rest 
npon  a  misconception ;  and  there  is  little  donht  that  the  haloid  paraffin  is  not 
the  immediate  prodnct  of  the  reaction,  hut  that  it  is  a  secondary  product  formed 
by  the  action  of  the  haloid  acid  produced  in  the  manner  illustrated  hy  the  above 
aquations  on  a  further  portion  of  alcohol. 

*  When  nitric  acid  alone  is  employed  a  portion  of  the  acid  undergoes  reduo- 
tion  at  the  expense  of  a  portion  of  the  alcohol,  and  a  mixed  product  is  obtained 
containing,  together  with  the  nitrate,  an  ethereal  salt  of  nitrous  acid  and  oxidation 
products  of  the  alcohoL  By  adding  the  alcohol  to  a  well  cooled  mixture  of 
oanoeotrated  nitric  and  sulphuric  acid  (Chapman  and  Smith,  Ckem,  Soo.  Joum,, 
zx.  581),  or  hy  distilling  it  with  concentrated  nitric  acid  and  urea,  the  forma* 
tion  of  these  bodies  is  avoided ;  in  the  latter  case,  the  nitrous  acid  produced  by 
the  reduction  of  a  portion  of  the  alcohol  is  decomposed  by  the  area.       ^^  i 
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Corresponding  compounds  are  obtained  by  the  action  of 
thiopbosphoric  anhydride  or  phosphoric  pentasulphide  (Carius^ 
Ann.  Chem,  Pharm,,  cxix.  290) ;  thus : 

fOH 
5C,H,.0H  +  P,S,  =  PS 


OCjHj  +  OHj  +  SHj. 


SC,H, 


7.  By  the  action  of  various  dehydrating  agents,  and  especially 
of  zincic  chloride,  the  elements  of  a  molecule  of  water  are 
abstracted  from  the  alcohols,  and  the  corresponding  olefines  are 
formed : 

C„H^^i.OH  =  C„H^  +  OH,. 

CgH^.OH   =   CjHg     +   OHj. 

Isopropylic  alcohoL        Propylene. 

Although  the  precise  nature  of  the  action  exercised  by  zincic 
chloride  upon  the  alcohols  is  not  understood,  it  is  evident 
from  the  complex  character  of  the  product  in  the  case  of  amylic 
alcohol  (p.  194)  rhat  it  is  far  less  simple  than  is  represented  by 
this  equation,  and  that  water  is  not  merely  abstracted. 

(1426)  Methylic  Alcohol;  Methy lie  Hydrate,  Wood  Spirit,  or 
Pyroxylic  Spirit:  CH^O  or  CH3.0H  =  32. — This  alcohol,  which 
was  first  observed  by  Taylor  in  18 12  amongst  the  products  of  the 
destructive  distillation  of  wood,  derives  its  name,  not  very  ap- 
propriately, from  /AtOv,  wine.  Although  methylic  alcohol  is 
almost  always  prepared  from  the  crude  wood  vinegar  obtained 
by  submitting  hard  woods,  such  as  beech  wood,  to  dry  distilla- 
tion at  a  high  temperature  in  closed  vessels,  it  has  been  obtained 
synthetically  in  several  ways :  from  chloromethane,  and  from 
formic  aldehyde*  by  the  general  methods  already  described,  and 
from  hydrocyanic  acid  by  first  converting  it  into  methylamine  by 
the  action  of  nascent  hydrogen  : 

HCN    +    2H2   =  CH3.NH2; 

Hydrocyanic  Udetiiylamine. 

acid. 


*  The  formic  aldehyde  employed  for  this  piirpoite  wan  not  the  pure  substance, 
but  the  crude  product  obtained  by  the  dry  distillation  of  calcic  formate;  this 
was  submitted  to  the  action  of  sodium  amalgam  and  water,  and  the  alcohol  iso- 
lated in  the  form  of  methylic  iodide  (Lieben  and  Rossi,  Ann,  Chem.  Pkarm., 
clviii.  107  ;  Linnemann  and  Zutta,  ibid,,  clxi.  15).  Friedel  and  Silva  have 
Mhown,  however,  that  a  certain  quantity  of  methylic  alcohol  is  formed  on  merely 
distilling  calcic  formate,  and  they  ani*.ount  for  its  production  by  the  supposition 
that  the  hydrogen  generated  by  the  complete  decomposition  of  a  portiou  of  the 
formate  acta  ou  the  aldehyde  produced  from  another  portiou.      ^  j 
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and  then  boiling  the  slightly  acidulated  solution  of  the  nitrite  of 
this  base,  nitrogen  and  water  being  eliminated : 

CH3.NH3NO2  =  CH,(OH)    +   OH3  -f   N3. 

MathjUmineuiiiite.  Methylic  aleohol. 

The  methylamine  obtained  from  any  other  source  is  equally 
available  for  the  synthetical  production  of  the  alcohol.  It  may 
also  be  obtained  by  the  saponification  of  oil  of  wintergreeu 
{Gaultheria  procumbens),  or  rather  of  the  methylic  salicylate, 
which  forms  the  chief  constituent  of  that  essential  oil : 

C^H^(OH).COOCH3  +  KHO  =  CHgCOH)  +  CjH,(OH).COOK. 

MetbyUc  MlicjUte.  MothyUo  alcohol.  Potaasio  salicylate. 

Preparation. — As  already  noticed  (p.  254),  the  crude  pro- 
duct of  the  distillation  of  wood  is  a  heterogeneous  mixture,  of 
which  the  wood  spirit  forms  but  a  very  small  part. 

The  aqueous  portion  afler  bein<^  separated  from  the  heavier  tar  is  rectified,  and 
the  first  portions,  which  contain  alinoiit  the  whole  of  the  methylic  alcohol,  are 
collected  apurt ;  these  should  be  rectified  from  quicklime,  which  rtitains  the  acetic 
acid,  the  water,  and  most  of  the  tarry  matter.  The  wood  naphtha  of  commerce, 
however,  is  ofU-n  merely  rectified  from  chalk  :  an  thus  prepared  it  is  a  mixture 
eoiMistiug  chiefly  of  m  -thylic  alcohol,  methylic  acetate,  and  acetone,  with  oily 
sub.^tances  insoluble  in  water,  and  which  may  be  separated  from  it  by  admixture 
with  water. 

In  order  to  free  it  from  these  impurities,  it  is  mixed  with  an  equal  volume  of 
a  concentrated  solution  of  potas^ic  or  sodic  hydrate,  and  allowed  to  iftand  for  some 
hours,  or  still  better  boiled  with  it  for  a  time ;  any  oily  matters  which  may  have 
risen  to  the  surface  atler  this  treatment  are  removed,  and  the  liquid  is  then  dis- 
tilled :  the  alkali  decomposes  the  methylic  acetate,  usually  present  in  large  quan- 
tity, and  form.i  pbtassic  acetate,  whiWt  methylic  alcohol  is  produced  and  distils 
over ;  after  this  it  may  be  in  great  measure  deprived  of  water  by  the  addition  of 
potapsic  carbonate,  and  the  upper  stratum  of  liquid  being  decanted  from  the 
saturated  aqueous  solution  of  potassic  carbonate,  may  be  saturated  with  calcic 
chloride,  which  forms  with  methylic  alcohol  a  compound  not  decomposable  at  the 
teinpei-ature  of  boiling  water.  The  mixture  is  then  subjected  in  a  retort  to  the 
heat  of  a  steam-bath,  and  the  volatile  portions  containing  acetone  and  methylic 
acetal,  are  thus  expelled.  The  residue,  which  retains  the  methylic  alcohol,  is 
mixed  with  an  equal  weight  of  water,  by  which  the  alcohol  is  displaced  from  its 
combination  with  the  chloride;  and  on  renewing  the  application  of  heat,  methylic 
alcohol,  mixed  with  a  little  water,  parses  over  ;  a  second  rectification  from  quicklime 
iurnishes  it  in  a  state  of  comparative  purity,  and  by  repeating  the  treatment 
with  calcic  chloride'  the  alcohol  may  be  still  further  purified.  Although  this 
method,  however,  affords  a  means  of  obtaining  pure  methylic  alcohol  in  quantity, 
its  preparation  is  a  matter  of  considerable  difficulty.  Crude  methylic  alcohol  may 
also  be  purified  by  converting  it  into  methylic  oxalate,  or  still  better  as  recom- 
mended by  CiiviuA  {Ann.  Chem,  Fkarm.j  ex.  210)  by  converting  it  into  methylic 
beiizoate.  A  solution  of  benzoic  acid  in  an  exci  ss  of  the  alcohol  is  saturated 
with  hydrochloric  acid  gas,  then  digested  on  the  water  bath  for  two  or  three  hours, 
diKtilled,  and  the  portion  which  boils  above  joo®  (212°  F.)  atler  washing  with 
cold  water  is  decomposed  by  heating  in  a  flask  attached  to  a  reversecUeondeu^cjr 
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with  a  slight  excess  of  nodic  hydrate  dissolved  in  3  or  4  parts  of  water.  The  alcohol 
is  distilled  off,  and  rendered  anhydrous  by  digesting  it  with  quicklime.  The 
sodic  benzoate  is  treated  with  the  necessary  quantity  of  dilute  sulphuric  acid,  and 
the  liberated  benssoic  acid  again  employed  in  the  preparation  of  a  further  quantity 
of  roethylio  benzoate. 

Properties. — Methylic  alcohol  is  a  limpid,  inflammable, 
colourless  liquid,  of  a  penetrating  spirituous  odour,  and  a  dis- 
agreeable burning  taste  :  the  empyreumatic  smell  commonly  ob- 
served is,  however,  due  to  the  impurities  in  the  product,  most  of 
which  may  be  removed  by  prolonged  digestion  upon  charcoal 
and  methodical  filtration  through  it,  as  practised  by  Mr.  Eschwege. 
It  boils*  at  58^6  (i37°'4  F.),  and  has  a  sp.  gr.  of  0798  at  20° 
(68°  F.),  or  0*8142  at  o^  (32°  F.).  It  is  soluble  in  water,  alcohol, 
and  ether,  in  all  proportions.  When  it  is  mixed  with  water,  con- 
traction takes  place.  It  is  very  inflammable,  and  burns  with  a  pale 
non-luminous  flame, producing  carbonic  anhydride  and  water,  whilst 
its  vapour  passed  through  a  red  hot  tube  gives  rise  to  acetylene 
amongst  other  products  (Berthelot).  When  pure,  it  does  not 
reduce  mercurous  nitrate  if  mixed  with  its  solution.  Methylic 
alcohol  mixes  readily  with  the  essential  oils,  and  dissolves  many 
fatty  bodies  and  resins  with  facility.  Its  principal  application  ia 
the  arts,  as  crude  wood  naphtha,  is  founded  upon  its  power  of 
dissolving  the  resins,  which,  when  thus  dissolved,  are  employed 
as  varnishes.  It  is  largely  used  for  mixing  with  ordinary  alcohol 
to  form  ^  methylated  spirit ;'  a  solution  of  shell-lac  and  other 
resins  in  this,  is  extensively  used  for  stiffening  the  basis  of  silk 
hats.  The  hydrates  of  the  alkalies  are  soluble  in  wood  spirit, 
but  they  immediately  colour  it  brown,  doubtless  by  their  action 
on  some  of  the  impurities  ordinarily  present.  lire  proposed  to 
utilize  this  reaction  as  a  means  of  detecting  small  quantities  of 
pyroxylic  spirit  in  ordinary  ethylic  alcohol. 

When  methylic  alcohol,  in  vapour,  is  passed  over  heated 
soda-lime,  hydrogen  is  given  off  and  sodic  formate  is  pro- 
duced : 

CHjCOH)   -h   NaHO  =   H.COONa  -h   2H,. 

Hethylio  aloobol.  Sodio  formste. 

But  at  higher  temperatures,  and  in  presence  of  excess  of  the 
alkaline    hydrate,  the    formate   is    converted  into  oxalate,  and 


*  Owing  to  the  difficulty  of  obtaining  it  pure  the  boiling  point  of  methylic 
alcohol  is  very  yariou»ly  stated ;  the  number  here  given  is  that  observed  by 
Dupr^  {B  80c.  Proc,,  xz.  336),  which  there  is  every  reason  to  believe  is  correct. 
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nltimately  into  carbonate.  Methylic  alcohol  also  yields  formic 
acid  when  slowly  oxidized  iu  contact  with  platinum  black  ;  the 
formation  of  the  acid  being  probably  preceded  by  that  of  formic 
aldehyde.  The  alkali  metals,  potassium  and  sodium^  act  with 
great  energy  on  methylic  alcohol^  displacing  the  hydrogen  in  the 
OH  group,  and  giving  rise  to  potassic  methylate^  CH^.OK^  and 
sodic  methylate,  CHg.ONa,  respectively,  both  of  which  are  crys- 
talline compounds  closely  resembling  the  corresponding  deri- 
vatives obtained  from  ethylic  alcohol.  With  concentrated 
sulphuric  acid,  it  yields  hydric  methylic  sulphate,  CHj.HSO^. 
Chlorine  acts  with  great  energy  on  the  alcohol,  the  ultimate 
product,  according  to  Cloez  {Compt,  Rend.,  xlviii.  642),  being 
parachloraUde,  C^HCljO.  A  similar  compound,  parabromalide, 
CgHBrjO,  is  obtained  by  the  action  of  bromine.  It  is  not  known 
at  present,  however,  what  is  the  nature  of  these  compounds ;  in 
fact,  the  action  of  the  faalegeaa  on.  methylic  alcohol  is  a  subject 
requiring  investigation.  Methylic  alcohol  dissolves  calcic  chloride, 
uniting  with  it  to  form  the  compound  CaClg  -f  4CH4O,  which 
crystallizes  in  six-sided  plates.  It  also  forms  a  crystalline  com- 
pound with  baryta,  BaO  +  iCH^O. 

(1427)  Ethylic  Alcohol  or  Methylcarbinol  ;  Alcohol  or 
Spirit  of  Wine  :  CgH^O  or  CH8.CH2(OH)=46.— Although  intoxi- 
cating drinks  prepared  by  the  fermentation  of  various  liquids 
containing  sugar,  such  as  grape  juice,  have  been  known  from  the 
earliest  times,  it  does  not  appear  that  alcohol  was  obtained  free 
from  non-volatile  impurities  until  about  the  twelfth  century.  It 
has  been  formed  synthetically  from  ethane,  acetic  aldehyde,  a 
mixture  of  acetic  acid  and  acetic  chloride,  acetic  anhydride,  and 
also  from  ethylene  (p.  188),  by  the  methods  described  when 
treating  of  the  general  properties  of  the  alcohols.  The  formation 
of  alcohol  from  ethylene,  first  observed  by  Hennel  (Phil.  Trans., 
1826,  p.  240),  is  of  special  mterest  as  an  example  of  the  complete 
synthesis  of  a  carbon  compound  from  its  elements.  Thus, 
carbon  and  hydrogen,  as  already  mentioned  (p.  209),  may  be 
caused  to  unite  directly  to  form  acetylene,  which  in  contact  with 
nascent  hydrogen  is  readily  converted  into  ethylene.  This  com- 
pound is  slowly  absorbed  when  briskly  agitated  with  concen- 
trated sulphuric  acid,  and  the  solution  when  diluted  with  water 
and  submitted  to  distillation  yields  a  small  quantity  of  dilute  alcohol 
(Berthelot,  Ann.  Chim.  [3],  xliii.  388).  According  to  Hemilian 
{Deut.  Chem.  Ges.Ber.,  viii.  661)  ethylic  alcohol  also  occurs  along 
with  methylic  alcohol  in  the  product  obtained  by  the  destructive 
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distillation  of  wood.  This  statement  requires  confirmation^  how- 
ever, as  it  is  possible  that  the  wood  spirit  referred  to  may  have 
been  adulterated  with  alcohol  {ibid.  ii.  105). 

The  methods  just  mentioned^  however,  possess  merely  a 
scientific  interest,  as  alcohol  is  invariably  prepared  on  the  large 
scale  by  the  fermentation  of  a  saccharine  solution,  such  as  grape 
juice,  the  molasses  from  the  sugar  cane,  the  refuse  of  the  beetroot 
sugar  manufactory,  starch  and  dextrin  altered  by  contact  with 
infusion  of  malt,  &c.  These  solutions  should  contain  about 
one-eighth  of  their. weight  of  sugar,  in  order  that  the  fermenta- 
tion may  be  conducted  with  the  greatest  advantage,  but  even 
then  not  more  than  four-fifths  of  the  whole  is  converted  into 
alcohol.  The  reaction  which  produces  the  alcohol  may  be  thus 
represented  : 

C,U,p,    =    aC,H,0  +  3CO3. 

Glucose.  Aloohol. 

but  it  must  be  remembered  that  several  other  products  are  always 
produced  in  small  quantities  at  the  same  time  (see  Fermenta- 
tion). 

Alcohol  may  readily  be  obtained  diluted  with  more  or  less 
water  by  subjecting  these  fermented  worts  to  distillation.  The 
first  portions  which  come  over  contain  the  alcohol,  and  may  be 
concentrated  by  repeated  rectifications  until  they  contain  only 
about  9-10  per  cent,  of  water.  Strong  spirit  may,  however,  be 
obtained  from  the  wash  at  a  single  operation  by  the  use  of^ 
specially  constructed  stills,  similar  to  those  devised  by  Adams 
and  by  Cofl'ey  (188).  It  is  not  possible,  however,  to  separate 
the  last  portions  of  water  by  simple  rectification,  so  that 
recourse  must  be  had  to  some  dehydrating  substance.  Dry 
potassic  carbonate  readily  removes  water  from  dilute  alcohol, 
forming  an  aqueous  solution  heavier^ than  the  alcohol,  and  not 
miscible  with  it ;  and  thus  offers  a  ready  method  of  concentrating 
small  quantities,  although  it  will  not  take  up  the  last  4  or  5  per 
cent,  of  water.  When  anhydrous  or  "  absolute^'  alcohol  is  required, 
recourse  must  be  had  to  quicklime,  and  then  the  best  method  of 
proceeding  is  probably  that  given  by  Erlenmeyer  {Ann,  Chein. 
Pharm^  clx.  249).  The  lime  is  placed  in  small  lumps  in  a  flask 
or  tin  can  furnished  with  an  inverted  condenser,  highly  rectified 
spirit  is  poured  on  to  it,  and  the  whole  digested  in  a  water  bath 
for  an  hour  or  more.  The  spirit  is  then  distilled  off,  and  if  not 
quite  anhydrous,  subjected  a  second  time  to  similar  treatment. 
Anhydrous  cupric  sulphate  or  potassic  ferrocyanide  may  also  be 
employed  in  dehydrating  small  quantities  of  aicohol.     Dry  alcohol 
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does  net  communicate  the  faintest  blue  tinge  to  anhydrous 
cupric  sulphate. 

Properiits. — Alcohol  is  a  colourless,  volatile,  inflammable 
liquid,  of  agreeable  well-known  spirituous  odour  and  burning 
taste.  It  boils  at  78°  3  (173°  F.),  and  when  pure  it  has  a  specific 
gravity  of  07938  at  i5°-6  (60°  F.)  It  has  never  been  frozen, 
though  at  a  temperature  of  —  110°  C.  (—  166^  F.)  it  becomes 
viscid.  Taken  in  small  quantities  in  a  diluted  form,  it  furnishes 
a  nseful  and  well-known  stimulant,  and  it  forms  the  basis  of  all 
fermented  liquors ;  but  in  large  quantities  it  produces  intoxica- 
tion, and  acts  as  a  powerful  narcotic  poison,  frequently  occasion- 
ing fatal  results  when  taken  in  a  concentrated  state,  and  in 
excess. 

Alcohol,  when  burned  in  the  air,  emits  but  little  light,  and 
is  wholly  converted  into  carbonic  anhydride  and  water,  depositing 
no  soot  upon  cold  bodies  which  are  introduced  into  its  flame. 
Two  volumes,  or  one  molecular  weight,  of  alcohol  vapour,  require 
for  complete  combustion  three  times  its  bulk,  or  six  volumes,  of 
oxygen;  CgH^O -h  303=  zCO^ -f  3H2O.  When  the  vapour  of 
alcohol  is  passed  through  a  red-hot  tube  it  is  decomposed,  the 
products  varying  with  the  temperature  employed :  at  low  tem- 
peratures, water,  carbonic  oxide,  methane,  ethylene,  and  acetylene 
appear  (Berthelot) ;  at  a  bright  red  heat  carbon  is  deposited,  and 
free  hydrogen  produced. 

When  alcohol  is  exposed  to  the  atmosphere,  it  attracts 
moisture  from  it,  and  when  mixed  wiih  water  it  contracts  in 
bulk,  whilst  heat  is  at  the  same  time  developed :  the  observed 
density  of  the  mixture  of  alcohol  and  water  being  greater  than 
its  calculated  mean  density.  According  to  Rudberg,  the  con- 
densation is  greatest  when  53*739  measures  of  alcohol  and 
49*836  of  water  are  mixed  |t  15°  (59°  F.) :  these  proportions  cor- 
respond to  CgHgO  +  3O  H  3 ;  when  cooled  again  to  15*^,  this  mixture 
occupies  only  100  measures  instead  of  103575,  and  has  a  sp.  gr. 
of  0*927  (see  also  Dupre  and  Page,  Trans.  R,  Soc,  1861,  591). 
From  the  importance  of  alcohol  as  an  exciseable  article,  great 
labour  has  been  bestowed  upon  the  means  for  readily  determining 
its  percentage  in  spirituous  liquors.  The  method  in  common  use 
for  distilled  spirits  consists  in  determining  the  speciric  gravity  by 
means  of  a  sensitive  hydrometer ;  and  tables  have  been  con- 
structed for  showing  the  percentage  of  alcohol  in  mixtures  of 
various  densities.  In  these  cases,  great  attention  must  be  paid  to 
the  temperature,  since  slight  ditt'erences  in  this  particular  make  a 
material  variation  in  the  density.     The  ii^rm  proof  spirit,  in  con- 
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stant  use  amongst  the  excise^  is  defined  by  an  Act  of  Parliament 
(58  George  III.)>  to  be  '^  such  as  shall  at  the  temperature  of 
51°  P.  ( 10^*5  C.)  weigh  exactly  twelve-thirteenth  parts  of  an  equal 
measure  of  distilled  water/^  It  consists  of  water  5076^  alcohol 
49'24  by  weight,  and  indicates  alcohol  of  sp.  gr.  0*920  at  i^^'6 
(60°  P.),  (0-91984 ;  Drinkwater).  The  term  derives  its  origia 
from  the  rude  method  of  proof  formerly  in  use,  in  which  gun- 
powder was  moistened  with  the  spirit  of  wine  to  be  tried,  and  the 
alcohol  ignited ;  if  it  fired  the  powder  it  was  said  to  be  over  proof, 
hut  if  the  spirit  burnt  ofi*  and  left  the  powder  damp,  it  was  con- 
sidered to  be  under  proof;  the  weakest  spirit  capable  of  thus 
firing  powder  had  a  sp.  gr.  of  about  0920.*  Every  additional 
0*5  per  cent,  of  absolute  alcohol  above  o  920  is  said  to  be  one 
degree  over  proof. 

Alcohol  is  a  solvent  of  great  value  to  the  chemist,  as,  owing 
to  its  volatility  it  is  easily  expelled  by  a  gentle  heat,  leaving  the 
substances  which  it  previously  held  in  solution  in  a  pure  state. 
In  some  cases,  however,  it  exerts  a  chemical  action  upon  the 
bodies  which  it  dissolves.  Many  of  the  gases  are  fireely  soluble 
in  alcohol ;  some  of  them,  as,  for  instance,  nitrous  oxide,  carbonic 
anhydride,  phosphuretted  hydrogen  and  cyanogen,  and  the  hydro- 
carbons, are  dissolved  by  it  more  readily  than  by  water.  Iodine 
and  bromine  are  also  readily  soluble  in  it,  but  their  solutions 
gradually  undergo  decomposition,  in  consequence  of  the  action 
of  iodine  and  bromine  on  the  alcohol.  Absolute  alcohol  dis- 
solves small  quantities  of  phosphorus  and  of  sulphur.  The 
alkaline  sulphides,  as  well  as  potassic  and  sodic  hydrates,  are 
soluble  in  it  to  a  very  large  extent ;  and  ammoniacal  gas  is  absorbed 
by  it  nearly  as  readily  as  by  water ;  it  does  not  dissolve  the  car- 
bonates of  the  alkalies,  however.  Alcohol  likewise  freely  dissolves 
many  organic  bodies,  such  as  the  resins,  the  essential  oils,  the 
TCgetable  alkaloids,  and  many  of  the  vegetable  acids.  It  also 
dissolves,  more  sparingly,  sugar,  and  the  potash,  soda,  and' 
ammonia  soaps ;  but  the  fats  aud  fixed  oils,  with  the  excep- 
tion of  castor  oil,  are  dissolved  by  it  only  in  small  quantities. 
Alcoholic  solutions  of  potassic  and  sodic  hydrate,  which,  if 
concentrated,  chiefly  contain  potassic  and  sodic  ethylate,  act 
powerfully  as  reducing  agents  upon  many  metallic  solutions, 
such  as  those  of  platinum ;  they  gradually  absorb  oxygen  from 
the  air,  and  become  brown,  owing  to  the  formation  of  a  resinoid 


*  In  the  Appendix  two  tables  of  the  strength  of  ftloohol  at  different  spedfie 
gravities  will  be  found. 
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substaace.  When  dropped  upon  fused  potassic  hydrate^  alcohol 
is  decomposed^  hydrogen  being  evolved^  and  potassic  acetate 
produced  : 

CH3.CH2(OH)  +   KHO  =  CH3.COOK   +   2H,. 

AlcohoL  Potusic  acetate. 

Sodium  and  potassium  dissolve  readily  in  alcohol  with  evolution 
of  hydrogen  and  considerable  rise  of  temperature,  forming  sodic 
or  potassic  ethylate,  but  these  substances  separate  from  the 
solution  in  colourless  crystals  in  combination  with  alcohol,  the 
sodium  compound  as  CgHgONa  +  3Cj,H30. 

Chlorine  attacks  anhydrous  alcohol  with  great  energy,  chloral 
alcoholate  being  the  ultimate  product,  whilst  large  quantities  of 
ethylic  chloride  are  simultaneously  produced. 

The  formation  of  chloral  alcoholate  is  undoubtedly  the  end  result  of  a  long 
series  of  changes,  the  first  of  which  it  may  be  sapposed  taken  place  in  aooordanoe 
with  the  equation  : 

CH,.CH,(OH)   +   CI,  =   CH,.CHC1(0H)   -f   HCl. 

The  product  of  this  reaction  probably  then  enters  into  reaction  with  alcohol  in 
the  following  manner : 

CH,.CHCl(OH)    +   C,H..OH   =   CH,.Ch|^^«^«   +   HCl; 

and  by  the  prolonged  action  of  chlorine  on  this  compound,  chloral  alcoholate  is 
finally  produced : 

CH,.Ch{^'^»  +   3CI,  =   CC1,.Ch{^A   +   3HCL 

The  hydrochloric  acid  generated  in  these  reactions  converts  a  portion  of  the 
alcohol  into  monochlorethane  or  ethylic  chloride,  CjH^.OH  +  HCl  =  C,H^C1  + 
OH,,  and  by  the  action  of  chlorine  on  this  body,  higher  chlorinated  derivatives 
of  ethane  are  formed  and  occur  in  the  product. 

Although  chloral  alcoholate  is  the  chief  product  of  the  action  of  chlorine  on 
anhydroiui  alcohol,  apparently  chlorinated  acetals  are  formed  and  probably  also 
chlorinated  derivatives  of  ethylic  ether,  and  perhaps  also  chloral  (Lieben,  DeuL 
CAem.  Ges.  Ber.,  iii.  907). 

By  the  action  of  chlorine  on  aqueous  alcohol,  similar  products  are  obtained, 
but  in  addition,  in  the  early  stages  of  the  action,  aldehyde,  acetic  acid,  ethylic 
acetate  and  acetal  are  formed.  The  aldehyde  is  probably  produced  from  the 
compound  CH|.CHC1(0H),  which  loses  a  molecule  of  hydrochloric  acid;  and 
the  acetal  is  perhaps  formed  in  the  manner  indicated  by  the  equation  : 

•     CH,.CHCl(OH)   +    2C,H,.0H   =:   CH,.CH(OC,H.),  +   HCl   +   OH,. 

Bromine  acts  in  a  similar  manner,  but  less  violently  (see 
Bromal).  The  action  of  iodine  on  pure  alcohol  is  very  slow,  but 
ethylic  iodide  seems  to  be  produced  ultimately ;  in  the  presence 
of  an  alkali,  however,  iodoform  is  rapidly  formed,  and  Lieben 
has  utilized  this  reaction  as  an  extremely  delicate  test  for  alcohol. 
The  liquid  under   examination  is  heated  in  a  test  tube,  and  a 
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little  iodine  and  potassic  hydrate  solution  is  then  introduced :  if 
alcohol  is  present  a  yellow  crystalline  precipitate  consisting  of 
minute  hexagonal  plates  or  six-rayed  stars  of  iodoform  soon 
makes  its  appearance.  This  test  is  capable  of  detecting  i  part 
of  alcohol  mixed  with  to,ocx5  of  water  (Hager,  Zeits.  anal.  Chem., 
ix.  492).  Alcohol,  when  slowly  oxidized  in  contact  with  the  air, 
by  means  of  platinum  black  for  instance,  yields  aldehyde, 
CHj.COH,  acetal,  CH8.CH(OC2H5)2,  acetic  acid,  and  ethylic 
acetate.  This  action  may  be  readily  observed  by  placing  a  coil 
of  platinum  wire  round  the  wick  of  a  spirit  lamp  and  igniting 
the  lamp ;  as  soon  as  the  portion  of  the  coil  above  the  wick  is 
red-hot  the  flame  is  blown  out,  when  the  wire  will  continue  to 
glow  from  the  heat  developed  by  the  slow  combustion  of  the 
alcohol,  producing  aldehyde,  &c.  Alcohol  is  oxidized  to  aldehyde 
by  chromic  acid  mixture,  but  if  an  excess  of  the  reagent  be  em- 
ployed it  is  completely  converted  into  acetic  acid.  "When  alcohol 
is  slowly  added  to  a  well  cooled  mixture  of  concentrated  nitric 
and  sulphuric  acids,  ethylic  nitrate,  CgHg.NOg,  is  produced,  and 
this  compound  is  also  obtained  when  alcohol  is  distilled  with  con- 
centrated nitric  acid  and  urea ;  but  concentrated  nitric  acid 
alone  acts  very  violently  on  alcohol,  and  chiefly  oxidation  pro- 
ducts, such  as  aldehyde,  and  formic,  acetic,  glycoUic,  glyoxylic 
and  oxalic  acids,  and  glyoxal,  are  formed,  together  with  a  small 
quantity  of  ethylic  nitrate  and  ethylic  nitrite  (see  Glyoxylic  Acid). 
Concentrated  sulphuric  acid  reacts  with  alcohol,  forming  hydric 
ethylic  sulphate :  CgHg.OH  +  HgS04=C2H5.HS04+OH2.  Simi- 
liirly,  by  the  action  of  phosphoric  acid  on  alcohol  ethylic  dihydric 
phosphate,  CgHg.HjPO^,  is  produced ;  and  by  the  action  of  phos- 
phoric anhydride  a  mixture  of  diethylic  hydric  phosphate  and 
triethylic  phosphate  is  formed.  The  haloid  acids  are  readily 
absorbed  by  alcohol,  and  when  the  solution  is  heated,  monohaloid 
derivatives  of  ethane  are  obtained  ; 

C3H5.OH    +    HCl    =   CgHgCl  -f-   OHg. 

Ethylic  hydrate.  Chlorethane. 

When  anhydrous  alcohol  is  added  to  phosphorous  chloride 
the  following  reactions  are  observed  according  to  the  propor- 
tions in  which  they  are  mixed  (W'ichelhaus,  Ann,  Chem.  Phartn. 
Sup,,  vi.  257)  : 

PCI3  -h  CgHg.OH   =  PClg.OCgHg  -f-   HCl. 

PCI3.OC3H5   +   CjHg.OH   =  PCUOCgHJg   -h    HCl. 

PCUOCgll,)^   +   C,H,.OH   =  P(0C,H,)3  -f.    HCL 
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If  the  alcohol  contains  water,  secondary  products  are  formed  by  its 
action  on  the  chlorides ;  for  example  : 

PCI2.OC2H5   +    2OH2   =   POgHg.OCjjHg   -h    2HCI. 

Similar  reactions  occur  with  phosphoric  oxy chloride,  POCI3.  By 
the  action  of  phosphoric  pentachloride  on  alcohol,  phosphoric 
oxy chloride,  chlore thane,  and  hydrochloric  acid  are  produced,  the 
reaction  being  precisely  similar  to  that  which  occurs  when  water 
decomposes  the  chloride : 

PCI5   -h   C3H5.OH   =  POCI3   +  C3H5CI   -h   HCl. 
PCI5  +   OH,  =  POCI3  -h   HCl  -h    HCl. 

The  bromides  and  iodides  of  phosphorus  behave  similarly. 

When  anhydrous  alcohol  is  added  to  well  cooled  thiosulphurous 
chloride,  SgCl,,  it  is  at  once  acted  upon,  hydrochloric  acid  and  sul- 
phurous anhydride  gases  being  evolved,  whilst  the  residue  contains 
chlorethane,  ethylic  sulphite,  traces  of  mercaptan  and  sulphur 
(Carius,  Ann,  Chem,  Pharm.,  cvi.  291).  The  manner  in  which 
these  various  products  are  formed  is  not  thoroughly  understood, 
but  probably  the  following  equations  represent  the  reactions 
which  occur : 

a.  C,H..OH    +    S2CI2  =    C2H5.SH   -h   SOClg; 

Alcohol.   ThloBolphurous  chloride.  Mercaptan.      Sulphuroos  chloride. 

/3   aCjHj.SH  +  SOClj  =  S0(SC2HJj   +  2HCI; 
y.  S0(SCgH5)j   +   SOClj  =   SOj  +  3S   +   aCjHjCl. 

By  the  action  of  chlorhydric  sulphate  on  alcohol,  diethylic 
sulphate  is   produced  (Magarowska,  Joum.   Pr.  Chem.   [2],  xiii. 

'158)  : 

aCgH-.OH   -h   SO3CI.OH  =  S02(OC3H6)2  +   OH3   +   HCl. 

Alcoholates. — Alcohol  not  only  dissolves  many  of  the  deliques- 
cent salts,  but  also  combines  with  various  saline  bodies  in  definite 
proportion8,formiu^  crystallizable  compounds,  in  which,  as  Graham 
pointed  out,  the  alcohol  acts  in  the  same  way  as  water  of  crys- 
tallization. The  calcic  chloride  compound,  for  instance,  has  the 
formula  CaCl^ -h 4CgHgO ;  the  zincic  chloride  compound  the 
formula  ZuClg+iCgH/),  whilst  the  baryta  compound  is 
BaO  +  2C2HgO.  Magnesic  and  calcic  nitrates,  ferrous  and  ferric 
chlorides,  manganous  and  stannic  chlorides  also  form  crystallizable 
compounds  with  alcohol 

By  cooling  mixtures  of  alcohol  and  water  containing  not  less 
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than  about  40  per  cent,  of  alcohol  in  a  bath  of  solid  carbonic 
anhydride  and  ether  a  crystalline  hydrate  of  alcohol^ 
C2HgO  +  40H3,  is  obtained;  this  substance  melts  constantly  at 
—34°  (— 29°-2  F.)   (Guthrie,  Phys,  Soc.  Proc,  1875,  p.  94). 

Methylated  Spirit. — The  methylated  spirit  of  commeroe  oonsists  of  a  mixture 
of  aloohol  of  sp.  gr.  0*830  with  10  per  cent,  of  common  wood  spirit.  This  addi- 
tion of  wood  spirit  scarcely  interferes  with  the  employment  of  the  spirit  as  a 
solvent,  although  it  renders  it  too  unpalatable  to  be  used  as  a  stimulant ;  it  was 
added  to  facilitate  the  use  of  spirit  in  the  arts  without  inflicting  injury  on  the 
revenue ;  amongst  other  Advantages,  the  aid  it  has  alSbrded  in  facilitating 
researches  in  organic  chemistry  in  this  country  is  very  considerable.  The 
offensive  odour  may  be  removed  by  prolonged  contact  with  charcoal,  as  had  been 
shown  by  Mr.  Eschwege,  but  this  is  not  permitted  by  the  excise. 

Wifies,  Fermented  Idquors,  and  Spirits, — The  various  kinds  of  spirits  in 
use  derive  their  names  from  accidental  circumstances — often  from  the  flavour 
which  they  possess.  For  instance,  gin  is  spirit  flavoured  by  distilling  it  with 
juniper  berries ;  peppermint  owes  its  aroma  to  the  essential  oil  of  the  plant  after 
which  it  is  named ;  whisky  is  spirit  distilled  from  wort  prepared  i'rom  malt 
which  has  been  dried  over  a  peat  Are,  to  which  its  peculiar  flavour  is  due ; 
arrack  is  a  spirit  distilled  from  fermented  rice ;  and  rum,  a  West  Indian  product, 
i'rom  molasses ;  brandy  is  really  the  '  spirit  of  wine/  being  obtained  from  wines 
by  dbtillation,  and  coloured  more  or  less  deeply  with  burnt  sugar.  In  all  these 
cases  the  characteristic  flavour  depends  upon  a  small  quantity  of  some  volatile  oil  or 
compound  ether,  which  passes  over  with  the  spirit  during  the  process  of  distillation. 

The  varieties  of  spirits  are  very  numerous,  and  those  of  fermented  liquors 
which  are  used  without  subjecting  them  to  distillation,  are  still  greater.  To 
this  class  belong  all  the  different  kinds  of  wine,  which  owe  their  peculiarities  of 
flavour  partly  to  the  different  varieties  of  grape,  of  which  500  or  600  are  culti- 
vated, and  partly  to  the  different  flavour  which  even  the  same  variety  of  grape* 
possesses  when  grown  in  different  climates,  or  even  on  a  different  soiL  The 
grapes  grown  in  the  hottest  climates  furnish  the  sweetest  juice,  but  not  neces- 
sarily the  wines  of  finest  qualit}' ;  and  the  flavour  is  also  materially  influenced 
by  the  manner  in  which  the  wine  is  prepared.  For  example,  when  fermentation 
is  allowed  to  proceed  until  almost  all  the  sugar  is  transformed  into  spirit,  a  dry 
wine  is  produced ;  when  checked  before  thb  point  is  reached,  the  result  is  a  rich 
fruity  wine ;  and  when  bottled  whilst  the  fermentation  is  still  proceeding,  a 
brisk  effervescent  wine  like  champagne  is  the  result.  It  is  the  usual  practice  to 
add  more  or  less  of  a  sohition  of  pure  beet  or  oane  sugar  to  champagne  before  it  is 
finally  ready  for  the  market.  According  to  the  experiments  of  Benoe  Jones,  claret. 
Burgundy,  and  the  wines  of  the  Rhine  and  the  Moselle,  contain  scarcely  any 
sugar  J  sherry  yields  from  i  to  5  per  cent.,  port  from  3  to  7  per  cent.,  and 
Tokay  as  much  as  1 7  per  cent,  of  sugar.  The  change  of  flavour  consequent  on 
the  ageing  of  wine,  depends  partly  upon  the  gradual  fermentation  of  sugar  still 
retained  in  rich  wines,  and  partly  upon  the  slow  separation  of  saline  matter, 
principally  in  the  form  of  hydric  potassic  tartrate,  KHC^H^O,,  which  becomes 
less  soluble  as  the  proportion  of  spirit  increases,  and  is  deposited,  particularly 
from  port  wines,  as  a  crust  of  tartar  upon  the  sides  of  the  bottle.    An  important 


*  A  certain  variety  of  grape  when  grown  upon  the  Rhine  furnishes  a 
species  of  Hock ;  the  same  grape  when  raised  in  the  valley  of  the  Tagus  yields 
Bucellas;  whilst  in  the  island  of  Madeira  it  produces  the  wine  known  as 
Sercial,  which  has  a  flavour  quite  different  from  either  of  the  othen^  , 
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part  of  tbe  ehftnge  of  ilavo«r  appean  also  to  be  owing  to  the  slow  formation  of 
minate  quantities  of  fragrant  and  aromatic  ethers,  which  are  gradually  produced 
by  the  action  of  the  acida  pvesent  on  the  alcohols  in  the  wtne. 

Some  wines,  instead  of  improving,  become  ropy  by  keeping.  This  occurs 
only  with  sweet  winesy  and  is  duo  to  a  peculiar  species  of  fermentation  in  whiob 
the  sugar  passes  into  the  uncrystallixable  form  of  mucilage. 

The  colour  of  the  wine  is  dependent  upon  the  mode  in  which  the  fermenta* 
tion  ia  effected*  Bed  grapes  may  be  made  to  yield  a  '  white*^  wine  if  the  husks 
of  the  grape  be  semoved  from  the  must  before  the  fermentation  begins,  as  in  the 
preparation  of  champagne  and  dherry ;  but  if  the  skiiM  be  left  in  the  fermenting 
mass,  the  alcohol,  an  it  is  formed,  diitsolves  the  colouring  matter,  producing  the  . 
different  shades  of  ^red'  wine.  During  the  preparation  of  red  winen,  the  skins 
and  stalks  rise  to  the  surface  of  the  fermenting  mass  and  form  the  ehapeau, 
whidi  is  removed  from  the  fermenting  ^ice  at  an  earlier  stage  in  the  making  of 
clarets  than  in  the  preparation  of  porta,  and  this  is  one  reason  why  port  is  the 
more  astringent  wkie  of  the  two. 

The  prooess  of  fermentation  in  making  wine  is  much  more  gradual  and  pro- 
tracted than  in  the  preparation  of  malt  liquors^  After  the  grapes  have  been 
trodden  in  tbe  prem,  the  jui(«  patMOs  to  the  fermenting  ?est(els  :  no  addition  of 
yeast  is  necessary,  as  alter  a  short  time  a  copious  deposit  of  ferment  granules 
or  yeast  occurs  spontaneously*  The  fermenting  vats  are  ho  constructed  that 
when  the  active  stage  of  the  fermentation  is  over,  they  can  be  loosely  closed  by 
a  bung.  Ah  soon  as  the  winter  frost  sets  in,  the  wine  is  decanted  from  the  lees 
into  casks,  which  are  completely  filled,  and  then  closed  with  care.  In  order  to 
supply  the  loss  from  leakage  or  evaporation,  the  cstiks  are  carefully  filled  up  at 
intervals.  Here  a  seeondary  very  gradual  fermentation  occurs,  which  requires 
careful  watching ;  exclusion  of  the  air  at  this  stage  being  indiBpenttable  in  order 
to  prevent  the  wine  frooa  becoming  sour,  from  the  formation  of  acetic  acid  by  the 
oxidation  ol'  the  alcohol. 

Sometimes  a  wine  acquires  a  peculiar  flavour  known  as  the  '  taste  of  the 
cask.'  This  is  attributed  to  the  development  of  a  peculiar  essential  oil  during 
the  growth  of  fungi,  or  '-mould/  upon  the  surface  of  the  wine  (?).  It  is  said 
that  it  may  be  removed  by  adding  to  each  pipe  about  a  quart  of  olive  oil, 
whieh  dissolves  the  obnoxious  flavouring  matter,  and  carries  it  with  it  to  tbe 
sorfiMse. 

It  is  obvious  that  in  wines  and  other  fermented  liquors  which  have  not  been 
submitted  to  distillation,  all  the  soluble  matter  ef  the  fruit  is  present  in  the 
'  beverage.  Other  saccharine  juices  besides  that  of  the  grape,  admit  of  being  fer- 
mented, and  thus  a  great  variety  of  drinks  may  be  produced.  Beer  and  ale,  for 
example,  consist  of  an  in£ui«ion  of  malt,  flavoured  by  the  aromatic  bitter  of  the 
hop,  and  subsequently  fermented.  The  different  kinds  of  porter  and  stout  are 
prepared  in  mueh  the  same  way,  and  owe  their  dark  colour  and  peculiar  flavour 
to  the  nse  of  high-dried  malt ;  eider  is  the  fermented  juice  of  the  apple  .*  perry 
is  a  similar  liquid  obtained  from  the  pear ;  and  nearly  every  fruit  may  be  made 
to  yield  similar  beverages.  Even  savage  nations  evince  a  knowledge  of  this 
fiwt.  The  natives  of  the  islands  in  the  Pacific,  when  discovered  by  Cook,  not 
only  knew  how  to  prepare  an  intoxicating  liquor  flrom  the  jo  ice  of  the  cocoa- 
nat,  but  they  were  accustomed  to  rectify  it  by  a  rude  process  of  distillation. 

Since  foreign  matters  are  present  in  all  fermented  liquors,  the  specific  gravity 
would,  except  in  special  cases,*  be  no  guide  to  the  quantity  of  spirit  contained  in 


*  See  "  Beport  on  Original  Gravities"  by  Graham,  Hofmann,  and  Bedwood 
{Joum,  Chem.  80c.,  v.  229). 
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them.  A  simple  means  of  overcoming  this  difficulty  was  saccessfullj  practised 
by  Brande : — Potassic  carbonate  is  soluble  in  water,  but  insoluble  in  alcohol : 
80  that  when  dry  potassic  oai'bonate  in  powder  is  added  to  a  mixture  of  alcohol 
and  water  until  it  ceases  to  be  dissolved  on  agitation,  the  water  becomes  saturated 
with  the  salt,  and  the  liquid  separates  into  two  layers,  the  upper  of  which  con- 
sists of  alcohol  of  sp.  gr.  0825.  By  employing  a  graduated  tube  for  the  ex- 
periment, the  volume  of  alcohol  which  is  contained  in  a  known  bulk  of  any  wint 
or  liquor  may  be  read  off  at  once  by  inspection. 

Christison  submitted  different  wines  to  distillation,  in  order  to  determine 
their  percentage  of  alcohol ;  he  thus  obtained  a  series  of  results,  the  most  im- 
portant of  which  are  embodied  in  the  following  Table.  The  numbers  represent 
the  weight  of  absolute  alcohol  contained  in  100  parts  of  each  variety  of  win« 
or  fermented  liquor.* 

12-63 
from  772  to  8*99 

7  35 
from  6*90  to  8*40 
„     570  „  606 


Port      .     .     from  14*97  to  17-10 

Amontillado  . 

Dry  Lisbon              16' 14 

Claiet  .     .     . 

Madeira     ,     from  14- 09  to  i6'90 

Hambacher    • 

Sherry  .     .        „     13-98  „  16-17 

Rudesheimer . 

Teueriffe     .              13-64 

Edinburgh  ale 

Shiraz   .     .              12*95 

Best  London 
porter  . 

Malmsey    •              12*86 

(1428)  Propylic  or  Tritylic  Alcohols:  C3H7.0H=6o. — 
The  only  two  isomeric  alcohols  of  the  composition  CjH^.OH 
which  according  to  our  present  theory  can  exist  have  been 
obtained^  viz. : 

B.P.*C. 

Primary  propylic  alcohol  or  ethylcarbinol  .     .     CHj.CHj.CH,.OH     97°-4 
Secondary         „  „  dimethylcarbinol      CH(CH,),.OH  82*^*8 

The  former  is  ordinarily  termed  propylic,  and  the  latter  isopro- 
pylic  alcohol.  They  may  also  be  distinguished  as  a-  and  j3- 
propylic  alcohols,  and  their  derivatives  as  a-  and  /3-propyl 
derivatives.  No  compounds  capable  of  yielding  propylic  alcohol 
are  produced  naturally,  although  propyl  derivatives,  such  as- 
cymene  or  propylmethylbenzene,  CgH^.C^H^.CHj,  and  thymol  or 
propylmethylphenol,  C3Hy.CgHg(OH).CH3,  are  met  with  in  certain 
plants ;  neither  has  it  been  conclusively  proved  that  isopropyl 
compounds  occur  naturally,  although,  as  already  pointed  out 
(p.  293),  it  is  not  improbable  that  some  few  at  least  of  the 
terpenes  are  isopropyl  derivatives. 

(i^2())  Primary  Propylic  Alcohol  or  Ethylcarbinol:  C2H5,CHj(OH). 
— This  alcohol  may  be  prepared  in  a  variety  of  ways :  from  pro- 
pane, propionic  aldehyde,  propionic  anhydride,  and  propylamine^ 


*  Full  information  on  the  subject  of  wines  may  be  derived  from  Dupr^  and 
Thudicum's  work  on  wines. 
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by  the  general  methods  already  described,  but  it  is  most  con- 
veniently obtained  from  the  crude  spirit  resulting  from  the 
fermentation  of  saccharine  solutions,  by  the  fractional  distillation 
of  that  portion  which  remains  after  separating  the  greater  part  of 
the  ethylic  alcohol.  It  is  especially  abundant  in  the  spirit 
obtained  by  fermenting  cider  (Pierre  and  Puchot,  Ann.  Chem, 
Pharm.,  clxiii.  %S^^ 

The  complete  separation  of  the  alcohol  from  its  homologues  by  fractional 
distillation  is  extremely  difficult  however,  if  not  imposttible ;  so  that,  to  obtain 
the  pure  alcohol,  it  is  necessary  to  convert  the  fraction  obtained  by  rectification 
into  a  derivative  of  high  boiling  point,  such  as  propylic  benzoate,  by  transforming 
it  first  into  iodopropane  or  propylic  iodide  by  the  aid  of  hydriodic  acid,  and  then 
into  the  benzoate  by  reacting  with  this  compound  upon  argentic  benzoate. 
Afler  purification  by  fractional  distillation,  the  propylic  benzoate  is  saponified 
with  potassie  hydrate,  the  alcohol  dried  over  ignited  potassio  carbonate,  and 
rectified ;  it  is  then  finally  distilled  firom  anhydrous^  baryta. 

(1430)  Propylic  alcohol,  according  to  Linnemann  (tiirf., 
clxi.  26),  is  a  colourless  highly  refractive  liquid,  possessing  a 
strong  alcoholic  odour^  of  the  specific  gravity  '8066  at  15°  (59*^  F.)  ; 
it  boils  at  97°'4  (207^*3  F.).  It  burns  with  a  smokeless  but 
highly  luminous  flame;  it  is  soluble  in  all  proportions  in  water, 
but  may  be  separated  by  the  addition  of  easily  soluble  salts,  such 
as  calcic  chloride  or  potassic  carbonate ;  it  appears  to  form  a 
hydrate,  CgHgO  +  OH^,  which  boils  constantly  at  about  87^ 
(i88°*6  F.)  under  the  ordinary  pressure.  Propylic  alcohol 
exhibits  all  the  properties  characteristic  of  ethylic  alcohol ;  when 
oxidized  it  is  converted  first  into  propionic  aldehyde : 

CH3.CH2.CH^(OH)  +  (O  +  OHjj)  =  CHj.CH.COH  +   2OH3; 

Propyllo  aloohoL  Propionic  aldehyde. 

and  subsequently,  on  further  oxidation,  into  propionic  acid^ 
CgHg.COOH.   , 

Secondary  Propylic  Alcohol  br  Dimethylcarbinol:  CH(CHg)j.OH. 
— This  alcohol  has  been  obtained  by  the  application  of  the  various 
general  methods  from  propane,  dimethylketone  or  acetone, 
isopropylic  iodide,  propylene,  and  isopropylamine ;  it  is  most 
readily  prepared  from  isopropylic  iodide  (from  glycerin,  q.v.)  by 
digesting  it  with  water  and  plumbic  hydrate  (p.  413). 

Like  ethylic  alcohol,  isopropylic  alcohol  combines  with  calcic  chloride,  and 
by  the  aid  of  this  compound  may  be  purified  from  t»iich  Rubntances  as  acetone. 
Por  this  purpose,  the  impure  anh^'drous  alcohol  is  mixed  with  finely-powdered 
anhydrous  calcic  chloride,  so  as  to  form  a  thick  pante :  combination  occurs  with 
development  of  heat«  and  the  mas«  becomes  solid  ;  it  is  thru  rapidly  pulverized, 
and  exposed  over  sulphuric  acid  in  vacuo,  until  only  a  dry  powder  remains,  from 
which  the  alcohol  ia  separated  by  the  addition  of  water  and  distilktionjL&& 


F  f2 
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laopropylic  alcohol  has  a  great  attraction  for  water,  and  appears  to  form  aeveral 
hydrates,  one  of  which,  2C,H^0  +  OH,,  has  the  same  percentage  composition 
and  about  the  same  boiling  point  as  ethylic  alcohol :  the  water  cannot  be  sepa- 
rated from  this  hydrate  by  anhydrous  cupric  sulphate,  and  in  order  to  dtj  the 
alcohol  it  must  be  digested  with  anhydrous  potassic  carbonate,  and  afterwards 
with  ignited  baryta  in  closed  vessels,  at  the  temperature  of  boiling  water 
(Erlenmeyer,  ibid,  cxxvi.  308  ;  Linnemann,  ibid.  cxxz?l  38  ;  clxi.  49). 

laopropylic  alcohol  is  a  colourless  mobile  liquid,  possessing 
a  faint  alcoholic  odour,  soluble  iu  all  proportions  in  water ;  it 
boils  at  8a°-8  (t8i°-2  R),  and  at  i6°  (60^8  F.)  has  the  specific 
gravity  787.     On  oxidation  it  is  converted  into  acetone  : 

CH3.CH(OH).CH3  +   (O  +   OHj)   =  CH3.CO.CH,  -^   aOH,; 

Isopropjiio  aloohol.  Aeetone. 

which,  on  further  oxidation,  yields  acetic  and  formic  acids.  On 
treatment  with  bromine,  isopropylic  alcohol  furnishes  isopropylic 
bromide  and  brominated  derivatives  of  acetone  (Friedel) ;  the 
first  action  is  probably  similar  to  that  of  bromine  on  ethylic 
alcohol,  and  consists  in  the  formation  of  the  brominated 
alcohol : 

CH3XH<0H).CH,   +   Br,  =  CH,.CBr(0H).CH3   +   HBr, 

which  at  once  splits  up  into  acetone  and  hydrobromic  acid ;  the 
former  is  converted  into  brominated  derivatives,  and  by  the  action 
of  the  latter  on  unattacked  alcohol  isopropylic  bromide  is  formed. 
The  action  of  the  halogens  on  propylic  alcohol  ha«  not  been 
examined. 


The  propyl  and  isopropyl  compounds  differ  remarkably  in 
their  properties :  the  latter  always  having  lower  boiling  points, 
and  being  less  stable  than  the  former.  The  behaviour  of  the 
isomeric  propylic  benzoates,  C^Hg.COOCjHy,  affords  a  striking 
illustration  of  this :  propylic  benzoate  distilling  unchanged  at 
225**  (4.^7*^  F.),  whereas  isopropylic  benzoate  is  entirely  resolved 
into  propylene  and  benzoic  acid  on  distillation  (Linnemann). 
Similarly,  isopropylic  iodide  is  rapidly  decomposed  by  zinc  alone 
at  its  boiling  point,  whilst  propylic  iodide  is  decomposed  very 
slowly  at  its  higher  boiling  point ;  the  former  is  decomposed  by 
the  copper-zinc  couple  at  about  50°  (122°  F.),  about  one-half 
being  split  up  into  permanent  gases  (propane  and  propylene)^ 
and  the  latter  at  about  80°  (176°  F.),  but  little  permanent  gas 
being  obtained.  In  the  presence  of  water  or  alcohol,  propylic 
iodide  is  decomposed  by  the  copper-zinc  couple  much  less  rapidly 
than  is  isopropylic  iodide,  the  gas  evolved  being  pure  propane  in 
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the  former  case,  but  propane  mixed  with  propylene  in  the  latter 
(Gladstone  and  Tribe,  Journ,  Chem.  Soc.,  xxvi.  961), 

Propylic  may  be  converted  into  isopropylic  alcohol  by  trans- 
forming it  in  succession  into  propylic  iodide  and  propylene,  com- 
bining the  latter  with  sulphuric  acid,  and  distilling  the  resulting 
hydric  isopropylic  sulphate  with  water;  on  the  other  hand,  we 
may  convert  isopropylic  into  propylic  alcohol  by  preparing  from 
it  the  iodide,  submitting  this  to  the  action  of  nascent  hydrogen, 
and  converting  the  propane  thus  formed  into  alcohols  by  the 
method  described  on  p.  408.  Linnemann  has  stated  that  when 
a  solution  of  propylamine  nitrite  is  decomposed  by  heat,  only 
isopropylic  alcohol  is  obtained,  but  the  recent  experiments  of 
Meyer  and  Forster  {Deut,  chem,  Oes,  Ber,,  ix.  535)  tend  to  show 
that  in  this  reaction  the  direct  conversion  of  the  propyl  into  the 
isopropyl  compound,  which  was  supposed  by  Linnemann  to  take 
place,  does  not  occur.  Thus  they  find  that  the  alcohol  from 
isopropylamine  nitrite  is  pure  isopropylic  alcohol : 

CH(CHj),.NH3(N0,)  =   CH(CH3)j.OH   +   N,  +  OH,; 

IflopropjrlamiM  nitrite.  iBopropyUo  alooM. 

but  a  portion  of  the  isopropylamine  escapes  decomposition,  and 
a  portion  of  the  compound  furnishes  propylene  : 

CH(CH3),.NH3(NO,)  =  CH3.CHZICH,  -h   N,  +   aOB^ 

so  that  only  a  small  amount  of  alcohol  is  produced.  The  alcohol 
from  propylamine  nitrite  is  a  mixture  of  the  two  isomeric  alco- 
hols, containing  about  55—60  per  cent,  of  isopropylic  alcohol ;  a 
portion  of  the  propylamine  escapes  decomposition  and  a  consider- 
able amount  of  propylene  is  evolved.  In  order  to  explain  the 
formation  of  the  iso-alcohol,  Meyer  and  Forster  suppose  that 
part  of  the  nitrite  is  normally  converted  into  the  corresponding 
alcohol : 

CH3.CH3.CH3-NH3(NO^   «  CHj.CHyCHyOH   -h  N,  -f   OH^ 

another  portion  yielding  propylene : 

CH3.CH3.CH,.NH3(NOjj)   =»  CH3.CH— CH,  +  N,  -f   2?0H,;, 

and  that  part  of  the  propylene  so  formed  combines^  whilst  in  the 
nascent  state,  with  water,  producing  isopropylic  alcohol  :* 

CH3.CHZICH,  +  OHjj  »  CHyCH(OH).CHy 


*  A  similar  explanation  may  be  given  of  tbe  conversion  of  propylene  1>romide 
mto  acetone,  oUerved  by  Linnemann  (Ann»  Chem,  Fharm,,  chi.  59),  whieb[^ 
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(1431)  BuTYLic  OR  Tetrylic  Alcohols  :  C^Hg.OH=74. — 
The  four  possible  butylic  alcohols  of  the  formula  C^H^.OH  are 
known  to  us— viz. : 

B.P.*C. 

NonDal  primary  or  a-propylcarbinol      .  CH3.CH  .CH^CHg.OH  117° 

Isoprimary  „  jS-propylcarbinol     .  CH(CH,),.CH,.OH  108'' -4 

Secondary  „  ethylmethylcarbinol  C,H^CH(CH,).OH  99** 

Tertiary  „  trimethylcarbinol   .  C(CH,),.OH  Sa'^'S 

Butyl  compounds  are  not  known  to  occur  naturally,  and  with  the 
exception  of  isoprimary  butylic  alcohol,  which  is  produced  in  the 
fermentation  of  saccharine  liquids,  these  alcohols  can  only  be 
.obtained  by  artificial  methods. 

(1432)  Normal  Primary  or  a-Butylic  Alcohol  or  a-Propyl- 
carbinol:  CjH/.CHgCOH)  or  CHg.CHg.CHa.CHgCOH).  — This 
alcohol  has  been  prepared  from  butyric  aldehyde,  butyric  chloride, 
and  butyric  anhydride  by  the  ordinary  methods  (Lieben  and 
Bossi,  ibid,,  clviii.  137  ;  Linnemann,  clxi.  178  ;  Saytzefi^,  Joum. 
pr.  Chem.  [a],  iii.  82).  It  is  a  colourless,  highly  refractive  liquid, 
possessing  a  powerful  characteristic  odour,  and  bnrns  with  a 
highly  luminous  flame;  its  vapour  excites  coughing.  It  boils 
at  ii6°-9— 117°  (242°-4— 242°-6  R),  and  at  o^  (32°  F.)  has  the 
specific  gravity  '824,  It  does  not  solidify  at  —22°  (  — 7°'6  F.). 
It  does  not  mix  with  water  in  all  proportions,  but  requires  twelve 
times  its  bulk  at  15°  (59°  F.)  to  dissolve  it.  On  oxidation,  it  is 
converted  into  butyric  aldehyde,  CH3.CH3.CHg.OOH,  and  butyric 
acid,  CH3.CH3.CH3.COOH, 

(1433)  Isoprimary  or  (i-ButyRc  Alcohol,  Iso-  or  fi-Propylcar- 
Hnol:  C^H/.OHor  CH(CH3)3.CHa(OH).— This  alcohol  is  always 
prepared  by  fractional  distillation  of  fusel  oil,  but  it  has  been 
obtained  from  isobutyric  aldehyde  by  the  action  of  nascent 
hydrogen,  and  from  isobutylene,  (CH3)j,CziCHjj,  by  combining  it 
with  hypochlorous  acid  and  reducing  the  resulting  compound 
with  nascent  hydrogen.  It  closely  resembles  the  normal  primary 
alcohol,  but  boils  at  io8°'4  (227''i  F.),  and  at  18°  (64°-4  F.) 
has  the   specific  gravity  *8oo  (the  specific  gravity  of  the  normal 


apparently  ia  an  abnormal  reaction,  involving  intramoleoalar  change ;  it  may  be 
fiuppotied  that  a  bromopropylene  is  first  formed : 

CH,.CHBrXJH,Br   =  CH,.CBrl=CH,   +    HBr, 

and  that  this  combines  with  water,  the  resulting  compound,  however,  being  at 
once  split  up  into  acetone  and  hydrobromic  acid : 

CH,.CBr±:CH,   +   HOH  =   CH,.CBr(OH),CH^ 
CH,CBr<OH).CH.   «   CH..CaCH.  J,,effl^OOgle 
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alcohol  at  20®  (68^  F.)  ia  -810) ;  it  dissolves  in  about  ten  times  its 
bulk  of  water  at  15°  (59°  F.).  Isobutylic  alcohol,  as  this 
alcohol  is  ordinarily  termed,  furnishes  isobutyric  aldehyde, 
CH(CH3)j.C0H,  and  isobutyric  acid  on  oxidation. 

{1434)  Secondary  or  y-Butylic  Alcohol  or  Ethylmethylcarbinol : 
C,H5.CH(CH8).OH. — ^This  alcohol  is  usually  prepared  from 
secondary  butylic  iodide  <5r  y-iodotetrane,  CHg.CHj.CHI.CHj, 
"which  may  be  produced  in  a  variety  of  ways  :  from  erythrite, 
from  the  dichlorinated  ethers  (p.  411,  and  Lieben,  Ann,  Chem. 
Pharm.,  cl.  87),  and  by  combining  a-butylene  with  hydriodic 
acid.  The  alcohol  has  also  been  produced  by  the  action  of 
nascent  hydrogen  on  ethylmethylketone,  C^Hg.CO.CHg,  and  by 
the  action  of  zincic  methide  on  ethylic  formate  (p.  411)*  or  of 
zincic  ethide  on  ordinary  aldehyde  (Wagner,  Ann.  Chem.  Pharm., 
clxxxi.  261),  the  product  being  subsequently  treated  with  water.  • 
This  last  reaction  probably  takes  place  in  the  manner  indicated 
by  the  following  equations  : 

CH..COH  +   Zn(C.Hj.=  CH,.CH{g5c.H.' 

Aldehjde.  Zincic  ethide. 

CH..CHJ^«2nCH    "*"   ^^^*  "  CH..CH(OH).C,H,   +    Zn(OH),  +  C,H.. 

ICethylethylcarbinol. 

It  is  of  especial  interest  as  it  serves  to  confirm  the  second 
explanation  given  on  p.  412  of  the  manner  in  which  the  tertiary 
alcohols  are  formed  from  the  acid  chlorides  and  zinc  organo- 
metallic  compound. 

Secondary  butylic  alcohol  is  a  colourless  liquid,  possessing 
a  pleasant  alcoholic  odour,  and  difficultly  soluble  in  water ;  it  boils 
at  about  99®  (2io°-2  P.),  and  has  the  specific  gravity  '827  at  o^ 
(32°  F.),  and  '81  at  22°  (71^-6  F.)  (Lieben).  On  oxidation  it 
furnishes  ethylmethylketone : 

C5jH5.CH(OH).CH,   +  (0  +  OH,)  =  CjjH^.CO.CH^  +  2OH,; 

when  further  oxidized  this  ketone  yields  acetic  acid  only. 

(1435)  Tertiary  or  ^-Butylic  Alcohol  or  Trimethylcarbinol : 
C(CH3)3.0H. — This  alcohol  is  prepared  by  the  action  of  zincic 
methide  on  acetic  chloride,  and  subsequent  treatment  of  the  pro- 
duct with  water  (p.  412) ;  or  by  combining  the  so-called  isobuty- 
lene,  C(CHs)2ZZCHj  with  sulphuric  acid,  and  distilling  the  re- 
sulting compound  with  water. 

At  ordinary  temperatures  trimethylcarbinol  forms  colourless 
prismatic  crystals,  which  melt  at  25°  (77°  F.) ;  the  liquid  alco- 
hol is  an  oily  fluid  of  peculiar  odour,  and  burns  with^  smoky 
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flame.  It  boils  at  Sz''^  (180^-5  F.), and  at  30°  (86°  F.)  has  the 
specific  gravity  7788  (Butlerow).  It  is  soluble  in  all  propor- 
tions in  water,  and  forms  with  it  a  liquid  hydrate,  aC^HgO  +  OHg, 
which  crystallizes  below  0°  (32°  F.)  On  account  of  the  attrac- 
tion which  trimethylcarbinol  has  for  water,  it  is  extremely  diflS- 
ciilt  to  completely  dry  it,  and  the  same  remark  applies  to  the 
isomeric  alcohols ;  the  last  traces  of  water  are  best  separated  by 
digestion  with  ignited  baryta.  On  oxidation,  tertiary  butylic 
alcohol  furnishes  a  mixture  of  isobutyric  and  acetic  acids,  acetone, 
isobutylene  and  carbonic  anhydride  (Butlerow,  Zeits.  Chem,  [2], 
vii.  484) ;  probably  its  normal  oxidation  products  are  acetone 
and  formic  acid : 

C(CH3)3.0H  +  3(0+0HJ  =  CO(CH3)3  +  H.COOH  -h  4OH3; 

TrimetbjlcarblnoL  Acetone.  Foimio  tdd. 

and  from  these  compounds  respectively  acetic  acid  and  carbonic 
anhydride  are  formed  by  further  oxidation.  The  isobutylene  may 
be  regarded  as  the  product  of  a  secondary  reaction,  whereby  the 
alcohol  is  resolved  into  the  olefine  and  water : 

C(CH,)3.0H  =  OH^  +   {C}i^\CzzCH^; 

and  which  is  probably  the  result  of  the  dehydrating  action  exer- 
cised by  the  sulphuric  acid  present  in  the  oxidizing  mixture. 
The  formation  of  isobutyric  acid  may  be  explained  by  the  as- 
sumption that  a  portion  of  the  isobutylene  thus  formed  combines 
with  water  producing  isobutylic  alcohol,  which  is  then  oxidized 
to  isobutyric  acid.  The  amount  of  isobutylene  and  isobutyric 
acid  produced  is  relatively  very  small,  and  their  formation  is  by 
no  means  surprising,  since  trimethylcarbinol  is  very  easily  resolved 
into  the  olefine  and  water,  and  isobutylene  readily  combines  with 
water  under  the  influence  of  acids ;  the  only  objection  to  this 
explanation  is  that  whenever  isobutylene  enters  into  combina- 
tion with  other  substances,  such  as  the  haloid  acids  and  sul- 
phuric acid,  for  example,  it  always  furnishes  compounds  capa- 
ble of  yielding  tertiary  butylic  alcohol,  but  it  cannot  be  said 
that  this  must  be  the  case  under  all  conditions,  as  the  circum- 
stances under  which  experiments  have  hitherto  been  made  are 
v^ry  similar. 

When  chlorine  is  passed  into  trimethylcarbinol,  at  a  gentle 
heat,  until  no  further  action  takes  place,  it  is  chiefly  con- 
verted into  a  body  having  the  composition  of  a  pentachloro- 
butylene^  C^H^Cl.  {Deui.  chem.  Ges.  Ber.,  viii.  1017);  it  is 
probable^  therefore^  that  chlorinated  derivatives  of  the  alcohol 
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are  formed  "which  decompose  into  water  and  chlorinated  deri- 
vatives of  isobutylene.  The  action  of  the  halogens  on  the  iso- 
meric alcohols  has  not  been  examined. 

The  stability  of  the  isomeric  butylic  alcohols  appears  to  vary 
directly  as  their  boiling  points,  and  to  diminish  as  the  boiling  point 
diminishes ;  the  same  being  true  of  their  derivatives.  Thus  the 
elements  of  water  are  very  readily  abstracted  from  the  tertiary 
alcohol  by  the  action  of  dehydrating  agents^  but  less  readily 
from  the  secondary  and  isoprimary  alcohols^  and  by  no  means 
readily  from  the  primary  alcohol.  In  a  similar  manner^ olefines  are 
formed  from  the  haloid  paraffin  derivatives  corresponding  to  these 
alcohols  by  the  withdrawal  of  the  elements  of  a  molecule  of  haloid 
acid,  and  they  are  converted  into  the  alcohols  by  treatment  with 
moist  silver  oxide,  or  by  heating  with  water,  with  increasing 
facility,  as  we  pass  from  the  primary  to  the  isoprimary,  and  thence 
to  the  secondary  and  tertiary  derivative :  tertiary  butylic  chloride, 
for  example,  is  readily  converted  into  trimethylcarbinol  by  heating 
with  water  to  ioo°  (2i!»°  F.),  whilst  the  primary  chloride  is  bat 
little  affected. 

Many  reactions  are  l^nown  by  which  the  isomeric  butylic 
alcohols  may  be  more  or  less  directly  converted  into  each  other. 
Thus  the  butylene  obtained  from  the  iodide  formed  from  normal 
primary  butylic  alcohol  unites  with  hydriodic  acid  to  form 
secondaiy  butylic  iodide : 

CH3.CH2.CH3.CH3I   -   HI   =   CHj.CHjj.CHziCH,; 

a-Iodotefcnme.  opBatylene. 

CH,.CH,.CHziCHj  +  HI   =  CH8.CH,.CHI.CH,. 

MrBatylene.  y-Iodotatrane. 

In  the  same  way  isobutylic  alcohol  may  be  converted  into  tertiary 
butylic  iodide  : 

{CU^JCH.CUJL  -  HI  =   (CH3)3C:=CH,; 

/l-Iodotetraoe.  y-Batylene. 

(CH,),Cz:CH,   +   HI  =  CI(CH,),. 

Y-Batjlea«.  Modotetrane. 

On  the  other  hand,  by  combining  the  butylene  from  tertiary 
butylic  alcohol  with  hypochlorous  acid,  a  chlorinated  alcohol  con- 
vertible into  isobutylic  alcohol  by  the  action  of  reducing  agents 
is  produced  : 

C(CH3),I   -   HI  =  (CH,),CIZCH,; 

Modotetrane.  y-Bntjlene.  . 

(CH,)jCzzCHj,  +  C1.0H  =  (CH,),CCl.CHg.OH. 
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In  these  instances  the  isomeric  change  may  be  traced  through  its 
various  stages  and  readily  accounted  for,  but  this  is  not  always 
the  case.  Thus,  according  to  Linnemann  (Ann.  Chem.  Pharm.^ 
clxii.  3),  the  nitrite  of  normal  butylamine,  when  decomposed  by 
distilling  its  aqueous  solution,  does  not  furnish  normal  but 
woprimary  butylic  alcohol : 

CH3.CH3.CH,.CH3.NH3(NO)j  =  CH{CH3)3.CH,.OH+N,  +  OH,; 

Normal  batjlamlne  nitrite.  Isoprimary  batjUc  aloohoL 

and  in  a  similar  manner,  wobutylamine  nitrite  yields  tertiary 
butylic  alcohol  (ibid.  22) : 

CH(CH3)g.CH,.NH3(NO,)  =  C(CH3)3.0H  +  N^  +  OH,. 

Isoprimarj  butjUmine  nitrite.  Tertiary  butjlio  alooboL 

Since  Meyer  and  Forster  have  shown,  however,  that  a  similar 
statement  by  Linnemann  with  regard  to  the  decomposition  of 
propylamine  nitrite  is  inaccurate,  some  doubt  may  be  felt  as  to 
the  extent  to  which  these  results  are  reliable.  Supposing,  how- 
ever, that  the  reactions  which  take  place  are  similar  to  those 
which  Meyer  and  Forster  regard  as  probable  in  the  case  of  the 
conversion  of  normal  propylamine  into  isopropylic  alcohol  (p.  437), 
the  formation  of  the  tertiary  butylic  alcohol  from  isoprimary 
butylamine  does  not  appear  improbable ;  but  their  explanation 
would  scarcely  apply  to  the  conversion  of  the  normal  amine  into 
the  isoprimary  alcohol,  since  the  butylene  from  normal  butyl 
compounds  combines  with  other  compounds  to  form  secondary 
and  not  isoprimary  derivatives.  It  cannot,  in  fact,  without  under- 
going isomeric  change,  furnish  secondary  butylic  compounds,  as 
will'be  evident  on  inspection  of  the  following  formulae: 

CH3.CH,.CH2.CH,.X  -  HX  =   CHj.CHj.CHziCH,  ; 

Normal  batjrl  oompoond.  o-Batylene. 

CH,.CHj.CH— CH,  +  HX  =  CH,.CHj.CHX.CH,. 

o-Butylene.  Seoondary  compound  from  a-butylena. 

(CHj),CH.CH,X. 

laoprimary  butyl  deriTatire. 

According  to  Linnemann,  when  a  mixture  of  isoprimary 
butylic  iodide  with  glacial  acetic  acid  is  added  to  argentic  or 
mercuric  oxide,  action  takes  place  at  ordinary  temperatures,  which 
is  completed  by  warming  on  the  water  bath,  and  a  mixture  of 
tertiary  butylic  alcohol  and  tertiary  butylic  acetate  is  produced, 
and  some  isobutylene  is  evolved,  together  with  a  small  quantity 
of  gas  not  absorbed  by  bromine  (loc.  cit.,  14),  andr  he  recom- 
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mends  this  process  for  the  preparation  of  the  alcohol;  but 
Butlerow  states  (ibid,  clxviii.  143)  that  the  alcohol  produced  by 
this  method  is  a  mixture  of  about  equal  parts  of  isopiimary  and 
tertiary  butylic  alcohol.  The  formation  of  the  tertiary  alcohol 
in  this  manner  may  be  explained  by  supposing  that  the  iso- 
primary  iodide  is  converted  by  the  action  of  the  argentic  oxide 
into  isobutylene^  which  combines  with  the  acetic  acid^  forming 
tertiary  butylic  acetate : 

{CH,),CZ=CH,  +  HC,H,0,  =  {CU^,C.C,Ufi^ 

Y-Batjlene.  AoetiAadd.  Tertfary  batylio  Aoetale. 

Isobutylic  bromide  similarly  treated  with  mercuric  oxide  also 
yields  some  trimethylcarbinol,  but  does  not  enter  into  reaction 
with  argentic  oxide ;  isobutylic  chloride  dissolved  in  acetic  acid 
is  scarcely  acted  upon  by  either  of  these  oxides. 

It  is  stated  that  when  well  cooled  isobutylic  iodide  and 
iodine  chloride  are  carefully  mixed  together,  the  former  is  con- 
verted into  tertiary  butylic  chloride  (Linnemann,  loc.  dL)  : 

(CH3)3CH.CH3l  +   ICl   =  (CH3)3CC1   +   I,. 

iMprimuir  batjiio  iodide.  Tertiary  butylie  chloride. 

At  present  it  appears  to  be  impossible  to  give  any  satisfactory 
explanation  of  thii  remarkable  reaction. 

Again,  Freund  has  shown  (Journ.  pr.  Ckem.  [a],  xii-  25), 
that  when  isoprimary  butylic  alcohol  is  mixed  with  a  considerable 
excess  of  hydrochloric,  hydrobromic,  or  hydriodic  acid,  the  alcohol 
being  also  saturated  with  the  gaseous  acid,  and  the  mixture 
heated  for  several  hours  in  closed  vessels  to  100°  (aia°  P.),  the 
resulting  chloride,  bromide,  or  iodide  is  a  mixture  of  the 
isoprimary  with  a  very  considerable  proportion — as  much  as 
35  per  cent,  in  the  case  of  the  chloride — of  the  tertiary  com- 
pound,^ and  since  the  tertiary  haloid  butyl  compounds  are 
readily  converted  into  the  alcohol  by  heating  with  water  at 
100®  (aia°  P.),  whilst  the  isoprimary  compounds  are  but  little 
acted  upon,  this  reaction  affords  a  ready  means  of  preparing  con- 
siderable quantities  of  trimethylcarbinoL     It  may  be  supposed, 


*  Frennd's  experiments  «how  that  the  greatest  caution  must  be  ezeroised  in 
judging  of  the  oontititation  of  compounds  from  the  behaviour  of  derivatives 
formed  from  them,  even  by  the  simplest  reactions.  They  also  afford  an  explanation 
of  the  supposed  ooeurrenoe  of  trimethylcarbiuol  in  fusel  oil  (Butlerow,  Ann, 
Chem.  Phartn.,  czliv.  34),  since  it  was  detected  and  separated  by  converting 
fermentation  butyUe  alcohol  into  the  chloridjs,  and  heating   the  latter  with 
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in  explanation  of  the  conversion,  that  the  isobutylic  alcohol,  or 
the  haloid  paraffin  formed  from  it  in  presence  of  the  strong 
acid,  is  resolved  into  isobutylene  and  water  or  haloid  acid,  and 
that  the  isobutylene  then  combines  with  the  haloid  acid  to  form 
the  tertiary  derivative ;  it  is  remarkable,  however,  that  when  the 
alcohol  is  merely  saturated  with  the  gaseous  acid,  and  the 
mixture  heated,  little,  if  any,  of  the  tertiary  compound  k 
produced. 

Lastly,  it  may  be  pointed  out  that  isobutylene  bromide  is 
said  to  be  converted  into  isobutylic  aldehyde  by  heating  with 
10—20  times  its  volume  of  water  to  150° — 160°  (302° — ^320®  F.) 
for  24  hours  (Linnemann  and  Zotta,  loc.  dL,  p.  33),  and  pro- 
bably  also  a-butylene  bromide  may  in  a  similar  manner  be  con- 
verted into  ethylmethylk^tone  (Linnemann,  ibid.,  p.  3).  The 
formation  of  these  compounds  may  be  regarded  as  the  final  rewalt 
of  a  series  of  changes  similar  to  those  which  in  all  probability 
occur  in  the  conversion  of  propylene  bromide  into  acetone 
(P-  437)^  *^d  in  which,  perhaps,  the  following  compounds  are 
successively  produced : 

(CH,),CBr.CK,Br;  (CH,),CJizCHBr ;  (CH,),CH.CHBr(OH) ;  (CHJ.CH.COH. 

Isobatylene  bromide.  Bromobatylene.  Iflobatyric  aldohyd*. 

C,H..CHBr.CH,Br;  C,H..CBr=zCH, ;  C,H,,CBr(OH).CH, ;  C,H..CO.CH,. 

Normal  batylene  bromide.      Bromobutylene.  Ethjlmethylketone. 

The  investigation  of  these  cases  of  isomeric  change  is  of  very 
great  interest ;  and  it  will  be  obvious  that  whilst  many  of  them 
may  be  explained  as  the  result  of  a  series  of  changes,  others  can- 
not, at  least  at  present,  be  so  explained,  but  must  be  regarded  as 
the  direct  result  of  intramolecular  change,  in  which  there  is  no 
splitting  off  and  recombination  of  elements,  but  a  rearrangement 
of  the  atoms  in  the  molecule.  Many  chemists  are  disinclined  to 
believe  in  the  occurrence  of  changes  of  the  latter  kind,  so  that 
the  investigation  of  the  nature  of  these  reactions  is  of  the  highest 
importance  as  a  step  towards  the  explanation  of  isomeric  change. 
(1436)  Amylic  or  Pentylic  Alcohols. — Although  seven  of 
the  eight  possible  amylic  alcohols  have  already  been  obtained^ 
most  of  them  have  been  but  very  insuflSciently  investigated : 

B.P.«»C. 

( Butylcarbinol     .    ,     .  .  CH^CH,.CH,.CH,.CH,.OH  137^ 

PrinQMy    2  iBobutjlcarbinol      .     .  .  CH(v;Hj,.CH^.CH,.OH  131** 

( Secondary-butylcarbinol  •  C,H..CH(CH^.CH^OH  laS^* 

r  Propjlmethylcaibinol  .  ,  C,H^*.CH(UhJ.OH  120* 

Secondary  /  Diethylcarbinol  .     •     .  .  C,H,.CH(C,Hj.OH  nf 

( laopropylmethylcarbinol  .  C,H^^.CH(CH,).OH  104** 

Tertiary       Ethyldimethylcarbinol .  •  C,H,.C(CIL),.OH  ^  loa^ 
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These,  idth  the  exception  of  the  two  isoprimary  alcohols^  have 
onlj  been  obtained  by  synthetical  methods  (Wagner  and  Saytzeff^ 
Anm.  Chem.  Pharm.j  dxzv.  332). 

(1437)  Normal  Primary  Amy  lie  Alcohol  or  Butylcarbinol  : 
C^H/.CH,(OH)  or  CH,.CH,.CH3.CHj.CH,(0H).— The  pure  al- 
cohol has  been  prepared  by  the  action  of  nascent  hydrogen  on 
normal  valeric  aldehyde  (Lieben  and  Rossi^  Ann.  Chem.  Pharm., 
clix.  70) ;  a  mixture  of  normal  primary  and  of  secondary 
amylic  alodiol  is  obtained  by  the  conversion  into  alcohols  of  the 
mixture  of  chloropentanes  formed  on  chlorinating  normal  pentane 
(Schorlemmer^  ibid.,  clxi.  268). 

It  is  a  colourless  liquid^  resembling  the  fermentation  alcohol 
in  odour  and  other  properties  ;  it  boils  at  137°  (278^-6  P.),  and  at 
0°  (32°  P.)  has  the  specific  gravity  -8296.  It  is  converted  into 
normal  valeric  acid,  C^H^\COOH  on  oxidation. 

(1438)  Isoprimary  Amylic  Alcohols.  Isobutylcarbinol : 
C^H/.CHj(OH)  or  C^(ClL^)^.ClL^.CV\^{OYi).  Secondary^butyU 
4Mrbinol:  C^H.y.CHglOH)  or  CjH5.CH(CH3).CHj(OH).  — The 
dbiief  constituent  of  fusel  oil,  or  the  portion  of  higher  boiling 
point  which  remains  after  the  separation  of  the  greater  part  of  the 
ethylic  alcohol  from  the  crude  spirit  produced  by  fermentation^ 
is  a  mixture  of  these  two  alcohols.  Their  complete  separation  is 
very  difficult,  however,  and  cannot  be  effected  by  distillation; 
but  they  are  readily  distinguished,  since  one  of  them  is  optically 
inactive,  whilst  the  other  (secondary-butylcarbinol)  turns  the 
plane  of  polarization  of  a  ray  of  light  to  the  left,  a  property  by 
which  it  is  distinguished  from  all  other  known  alcohols. 

The  method  by  which  the  two  alcohols  were  originally 
separated  by  Pasteur  in  1855,  or  rather  by  which  the  existence 
of  two  isomeric  alcohols  in  fusel  oil  was  first  demonstrated, 
consists  in  acting  upon  the  mixture  with  concentrated  sulphuric 
acid,  neutralizing  with  banc  carbonate,  and  fractionally  crys- 
tallizing the  resulting  mixture  of  baric  amylic  sulphates ;  the 
product  from  the  active  alcohol  being  considerably  more  soluble 
than  the  corresponding  inactive  derivative,  the  two  salts  may 
thus  be  separated,  and  the  alcohols  obtained  from  them  by  dis- 
tillation with  dilute  sulphuric  acid: 

(C,Hu.SO^)^Ba  +  2OH,  =  2C5H11.OH  +  BaSO^  +  H,SO,, 

Bate  amrlio  lolpluito.  Aiqylic  aleohoL 

For  this  purpose  the  portion  of  fusel  oil  is  employed,  which, 
after  repeated  distillation,  boib  at  about  129^  (264^*2  P.) ;  it  is 
mixed  with  about  an  equal  weight  of  sulphuric  acid,  the  latter 
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being  gradually  added  to  the  alcohol^  and  the  mixture  allowed  to 
stand  in  a  warm  place  for  several  days  before  it  is  added  to 
water  and  the  solution  neutralized.  When  fusel  oil  containing 
a  large  proportion  of  the  inactive  xpodification  is  employed,  it  is 
possible  to  isolate  it  in  a  state  of  purity ;  but  the  method  does 
not  appear  to  be  applicable  to  the  preparation  of  the  active  modifi- 
cation in  a  state  of  purity,  since  the  statements  of  various  observers 
as  to  the  rotatory  power  of  the  alcohol  are  most  discrepant  (Ley, 
Deut,  chem.  Ges,  Ber.,  vi.  1362) ;  and  even  to  obtain  it  approxi- 
mately pure  involves  the  expenditure  of  a  large  amount  of  material 
and  much  time  and  labour. 

From  Le  Bel's  experiments  (tWd.,  vi.  13 14;  vii.  824;  ix.  73a) 
it  appears,  however,  that  different  acids  behave  differently  with 
the  two  alcohols :  the  inactive  alcohol  having  a  greater  tendency 
to  enter  into  reaction  with  hydrochloric,  hydriodic,  and  tartaric 
acids,  whilst  the  active  alcohol  appears  more  readily  to  enter 
into  reaction  with  sulphuric  and  valeric  acids  than  the  inactive 
alcohol.  On  this  Le  fiel  founds  a  method  for  the  preparation  of 
the  active  alcohol,  which  consists  in  saturating  the  mixture  of 
alcohols  with  hydrochloric  acid  gas,  and  then  heating  to  100^ 
(212°  F.),  whereby  the  inactive  alcohol  is  converted  into  amylic 
chloride,  the  active  alcohol  remaining  for  the  most  part  unattacked ; 
the  chloride  and  alcohol  are  then  separated  by  distillation,  and 
the  latter  again  similarly  treated,  until^  in  fact,  the  optical 
activity  is  no  longer  increased. 

The  inactive  alcohol  boils  at  about  131°  {26j°'8  F.),  and  the 
active  at  about  128°  (269°-4  F.),  and  the  latter  has  a  slightly 
lower  specific  gravity  than  the  former  (Ley).  The  rotatory 
power  of  the  most  active  alcohol  yet  prepared  by  Pasteur's 
method  was  46^,  in  a  column  500  mm.  long,  which  is  equal  to 
that  of  a  solution  of  cane  sugar  containing  4*7  grams  of  sugar  to 
100  of  water  (Ley).  According  to  Le  Bel,  the  alcohol  which  he 
separated  by  his  method  had  a  rotatory  power  of  4®  38'  in  a 
column  100  mm.  long,  but  as  he  does  not  state  what  instrument 
was  employed,  this  number  cannot  be  compared  with  that  given 
by  Ley,  who  used  a  Soleil-Ventzke  instrument. 

Both  are  colourless  liquids  possessing  a  peculiar  penetrating 
unpleasant  odour  and  burning  taste,  and  are  nearly  insoluble  in 
water ;  their  vapours  excite  coughing.  Most  of  the  statements 
in  the  text  books  with  regard  to  the  reactions  of  amylic  alcohol 
refer  to  the  behaviour  of  the  mixture  of  alcohols  from  fusel  oil, 
which  is  ordinarily  spoken  of  as  amylic  alcohol ;  in  fact^  scarcely 
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any  of  the  derivatives  of  these  alcohols  have  been  obtained  in  a 
state  of  purity. 

On  oxidation^  both  furnish  in  the  first  instance  valeric 
aldehydes,  which,  on  further  oxidation,  are  converted  into  valeric 
acids,  C^Hj.COOH ;  the  acid  from  the  active  alcohol  is  also 
optically  active,  but  dextro-jotatory,  and  it  is  also  distinguished 
by  forming  a  gummy  baric  salt,  the  baric  salt  from  the  inactive 
acid  being  crystalline.  When  an  8  per  cent,  solution  of  chromic 
acid  is  employed  to  effect  the  oxidation,  a  considerable  amount  of 
amylic  valerate  is  produced,  but  with  a  5  per  cent,  solution 
(i  litre  water;  105  grams  HgSO^;  and  78  grams  KgCr^O^)  this 
is  no  longer  the  case.  The  two  alcohols  are  oxidized  with  very 
different  degrees  of  readiness,  however,  the  active  alcohol  being 
much  more  readily  attacked,  and  even  when  a  feebly  oxidizing 
mixture  is  employed,  much  of  the  active  valeric  acid  undergoes 
further  oxidation  to  acetic  acid  and  carbonic  anhydride ;  both 
valeric  acids  are  readily  oxidized  by  a  saturated  solution  of 
potassic  dichromate  in  a  mixture  of  z  vols,  water  and  i  vol. 
sulphuric  acid,  being  converted  into  acetic  acid,  water  and 
carbonic  anhydride ;  but  the  inactive  acid  yields  considerably  more 
carbonic  anhydride  than  the  active  (Erlenmeyer  and  Hell,  Ann. 
Chem.  Pharm.y  clx.  294 ;  Pedler,  Jovrn.  Chem.  Soc,  xxi.  74 ;  Ley, 
loc.  cii.). 

The  behaviour  on  oxidation  is  of  great  importance,  as  it 
enables  us  to  determine  the  constitution  of  the  two  alcohols  from 
fusel  oil.  Since  both  furnish  valeric  acids  on  oxidation  they 
must  be  primary  alcohols,  and  as  the  normal  primary  amylic 
alcohol  is  not  identical  with  either,  they  can  only  be  isopri- 
mary  alcohols ;  but  three  isoprimary  amylic  alcohols  can  exist, 
viz. : 

CH(CH,),  CjHj  CHj 

CH,  J         CH.CH,     ;       C(CH,), 

CHj-OH  CHj.OH  CH,.OH 

These  three  alcohols  irill   furnish    the   three    following  valeric 
acids  on  oxidation : 

CHCCHj),  C,H,  CH, 

CH,  ;         CH.CH,     ;        C(CH,), 

COOH  COOH  COOH 

Iflopropacetic  acid.  MethethaoeUo  acid.       Trimetbacetic  add. 
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The  first  of  these  has  been  obtained  by  Erlenmeyer  and  Hell 
{loc,  cit.f  p.  264)  from  isobutylic  iodide  by  the  following  reactions : 

CH(CH3),.CHjjI  +  KCN  =  CH(CH8),.CH2.CN  +  KI; 

laobotylio  iodide.  Isobotylic  cyanide. 

CH(CH,)j.CH,.CN + OH, + NaOH = CH(CH  j),.CHg.COONa + NH,. 

leobatyliti  cyanide.  Sodio  isoTalenta. 

The  acid  separated  from  this  sodic  salt  was  found  to  be  identical 
with  that  formed  on  oxidizing  the  inactive  alcohol  from  fusel  oil, 
thus  proving  that  this  alcohol  is  represented  by  the  formula 
CH(CHjj)3.CHg.CH2{OH).  Trimethacetic  acid  has  also  been  syn- 
thetically prepared,  and  differs  entirely  in  its  properties  from  the 
active  valeric  acid  from  the  active  amylic  alcohol ;  hence  it  follows 
that  the  active  alcohol  has  the  formula  C2H5.CH(CH8).CHg(OH), 
nuless  we  assume  that  it  is  merely  physically  isomeric  with 
the  inactive  modification,  as  some  chemists  have  supposed; 
but  this  assumption  is  not  admissible  since,  according  to  Le  Bel, 
the  iodide  prepared  from  it  furnishes  an  optically  inactive  amy* 
lene,  boiling  at  31°— 32^  (87°-8— 89^6  F.),*  different  from  the 
amylene  (B.P.  25°  C.)  from  the  iodide  formed  from  the  inactive 
alcohol : 

C,H..CH(CHJ.CH,I   +   KHO  =   C,H,.C(CH.)=:CH,   +   KI  +  OH,. 

Iodide  from  actiTe  alcohol.  ^-Etbylmethylethylene. 

CH(CHJ,.CH,.CH,I  +  KHO  =  CH(CH,),.CHizCH,  +  KI  +  OH,. 

Iodide  from  inacAiTe  aleohoL  Isopropylethylene. 

This  amylene  combines  in  the  cold  with  hydrochloric  acidj 
forming  a  chloropentane  convertible  into  the  isomeric  amylenej 
trimethylethylene,  by  the  action  of  potassic  hydrate  : 

CH,.CH,.C(CHJ=CH,   +   HCl  =   CH,.CH,.CCI(CH,).CH, ; 
CH,.CH,.CC1(CH,).CH,  +  KHO  =  CH,.CHizC(CH,).CH,  +  KG  +  OH,. 

Moreover  Saur  has  recently  succeeded  {Deut,  chem.  Ges.  £er., 
viii.  1037)  in  preparing  methethacetic  acid  synthetically,  and 
finds  that  it  resembles  the  active  valeric  acid  from  active 
amylic  alcohol  in  its  properties,  and  that  it  yields  a  non- 
crystalline baric  salt;  so  that  there  can  no  longer  be  any 
doubt  as  to  the  constitution  of  active  amylic  alcohol. 


*  This  amylene  has  the  f&pecific  gravity  '670  at  o*  (32°  F.) ;  it  shoald  be  in- 
serted in  the  table  p.  184,  in  the  column  headed  Series  H,ClzC(CoH,„+j),. 
According  to  Le  Bel,  pure  trin  eth}  lethylene  boils  at  36^-^38**  (g6**'S — 
ioo''*4  F.),  and  at  o'*(32°  F.)  has  the  specific  gravity  •67835  it  also  combines 
with  hydrochloric  acid  in  the  cold.  ^^  ^ 

Digitized  by  VjOOQ IC 


'439-1  FBOPTLMETHTLCARBINOL.  448 

Many  of  the  derivatives  of  active  amylic  alcohol  are  thera- 
©elves  active,  but  it  is  remarkable  that  they  are  dextrorotatory. 
According  to  Le  Bel,  the  rotatory  powers  of  the  chloride, 
bromide,  and  iodide  prepared  from  the  alcohol  form  a  pro- 
portional series,  and  are  related  to  each  other  as  the  numbers 
J,  4,  and  8. 

If  sodic  or  potassic  hydrate,  calcic  chloride,  or  apparently  any 
salt  easily  soluble  in  the  alcohol,  be  dissolved  in  ordinary  amylic 
alcohol  at  the  boiling  point,  and  the  saturated  solution  be  dis- 
tilled from  an  oil  bath,  finally  at  about  200^  C,  a  considerable 
amount  of  the  alcohol  is  retained  in  the  retort,  and  when  this  is 
liberated  by  adding  water  and  again  distilling,  it  is  found  that  the 
alcohol  which  passes  over  is  considerably  less  active  than  that 
originally  employed  (Chapman  and  Smith,  Proc,  R,  Soc,  xvii. 
308).  If  sodium  be  dissolved  in  active  amylic  alcohol,  the  excess 
of  the  latter  distilled  off  in  the  oil  bath,  the  alcohol  liberated 
from  the  sodium  compound  by  the  addition  of  water  and,  after 
drying,  again  similarly  treated,  it  is  rendered  inactive ;  this 
change  appears  to  be  produced  by  the  heating,  and  is  not  a 
specific  action  of  the  sodium  (Le  Bel).  The  alcohol  is  apparently 
not  altered  in  its  chemical  properties  (Le  Bel) ;  and  this  is  the 
more  probable  since  firlenmeyer  and  Hell  have  shown  that  when 
active  valeric  acid  is  heated  to  250^  (482°  F.)  with  a  few  drops  of 
concentrated  sulphuric  acid  for  at  most  fifteen  minutes,  it  entirely 
loses  its  optical  activity,  but  is  not  altered  in  chemical  pro- 
perties. 

Sodium  dissolves  in  amylic  alcohol,  forming  sodic  amy  late,  which 
separates  in  crystals  of  the  composition  C5Hn.ONa  +  3CgH^20. 
When  a  solution  of  sodic  hydrate  in  amylic  alcohol  is  distilled, 
water  passes  over  (Chapman)  : 

CjHji.OH   +  NaOH  =   C^Hii-ONa  +  OH,, 

Amylio  alcohol  Sodic  amylata. 

80  that  distillation  from  sodium  cannot  be  resorted  to  as  a  method 
of  rendering  amylic  alcohol  anhydrous. 

In  all  its  reactions  umylic  alcohol  (fusel  oil)  closely  resembles 
ethylic  alcohol,  but  it  is  a  much  less  stable  compound. 

(1439)  See,  Amy,  Alcohols.  Fropylmethylca^hinol :  C3H,*.CH(CH,).0H. 
— This  alcohol  is  formed  hy  the  action  of  rascent  hydrogen  on  propylmethy!- 
ketone,  CjHy.CO.CH^,  and,  together  with  normal  primary  amylic  alcohol,  from 
normal  pentane  by  Schorlemmer's  method.  It  has  also  been  prepared  Irom  the 
amylic  iodide  obtained  by  combining  a-amylene  (1232)  with  hydrioHc  acid.  It 
boils  at  about  120®  (248°  P.),  and  at  o"*  (32**  P  )  has  the  specific  gravity  '826  ; 
on  oxidation  it  yields  a  ketone  of  the  formula  C^H^^O,  and  propionic  and  acetic 
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BiethylcarUnol :  (C,Hj),CH.OH,  is  obtained  by  the  action  of  zincic  ethide 
on  ethylic  fonnate,  and  subsequent  treatment  of  the  product  with  water  (Wagner 
and  Saytzeff,  Ann,  Chem.  Fharm,,  clxxv.  363).  It  is  a  colourless  liquid,  diffi- 
cultly soluble  in  water,  possessing  the  peculiar  odour  characteristic  of  the  amylic 
alcohols;  it  boils  at  ii6°— 117°  (240°-8— U2°*6  F.),  and  at  0°  (32**  F.)  has 
the  specific  gravity  '832.  On  oxidation  it  furnishes  diethylketone,  propionic 
acid  and  acetic  acid. 

Isopropylmeihylcarhinol :  C,H^.CH(OH).CH,,  is  formed  from  theamylene 
from  isoprimary  amylic  iodide*  by  combining  it  with  hydriodic  acid,  digesting 
the  resulting  iodide  with  dry  argentic  acetate,  and  decomposing  the  amylic  acetate 
with  a  concentrated  aqueous  solution  of  potassic  hydrate  (Flavitzsky,  ibid.^ 
clxxix.  348).  It  has  also  been  obtained  from  methylisopropyiketone  by  the 
action  of  nascent  hydrogen  (Miinch,  ihid.f  clxxx.  339).  The  alcohol  from 
amyleue  is  said  to  boil  at  103** — 104°  (2 17®* 4 — 2I9°'2  F.),  and  on  oxidation 
with  a  five  per  cent,  solution  of  chromic  anhydride,  it  furnishes  acetone  and 
acetic  acid,  no  isopropylmetiiylketone  being  formed ;  its  specific  gravity  at  o'' 
(32°  F.)  is  "826.  The  alcohol  prepared  from  the  ketone  is  a  liquid  of  pleasant 
ethereal  odour,  of  the  specific  gravity  "827  at  17^  (62°-6  F.);  it  is  stated  to 
boil  at  108°  (2  26°*4  F.),  and  to  be  reconverted  into  the  ketone  on  oxidation. 

(1440)  Tertiary  Amylic  Alcohol  or  Ethyldimethylcarhinol :  Cfi.^Sl(C¥L^^XyB., 
may  be  prepared  by  the  action  of  zincic  methide  on  propionic  chloride,  CgH^.COCl, 
the  product  being  subsequently  treated  with  water  (Popolf,  ibid.,  cxlv.  292 ; 
Ennolaiew,  ihid.,  clxii.  1 90).  This  alcohol  has  a  peculiar  aromatic  odour,  different 
from  Uiat  of  its  iifiomerides,  and  is  also  more  soluble  in  water.  It  solidifies  at 
about  —30°  (—22®  F.)  to  a  mass  of  small  needles,  and  boils  at  98**"5  —  102* 
(209^3  -  2i5°-6  F.)  (Ermolaiew), 

The  so-called  amylene  hydrate  obtained  by  combining  amylene  from  fermen- 
tation amylic  alcohol  with  hydriodic  acid  and  treating  the  resulting  amylic  iodide 
with  moist  argentic  oxide  (Wurtz),  or  by  combining  it  with  sulphuric  acid  and 
then  distilling  with  water  (Flavitzsky,  p.  195  ;  ibid,,  clxxix.  343),  appears  to  be 
this  alcohol.t     It  boils  at  102°  (2i5°-6  F.),  and  on  oxidation  by  a  5  per  cent. 


•  The  amylic  iodide  employed  by  Flavitzsky  contained  a  certain  amount 
of  the  active  iodide,  and  the  amylene  prepared  from  it,  therefore,  was  a 
mixture  of  isopropylethylene,  H^CziCH.CjHy^,  with  ethylmethylethylene, 
Ojlf j.C(CH^ZlCH, ;  hence  the  alcohol  probably  contained  a  certain  amount 
of  ethyldimethylcarbinol,  and  this  may  account  for  the  low  boiling  point  observed 
by  Flavitzsky  as  compared  with  that  observed  by  Miinch. 

t  According  to  Ossipofi*  (Deut  chem.  Ges.  Ber,,  viii.  1240),  difierent  alcohols 
are  produced  when  sulphuric  acid  of  difierent  degrees  of  concentration  is  employed. 
By  adding  the  amylene  drop  by  drop  to  a  well-cooled  mixture  of  2  pts.  by  weight 
of  sulphuric  acid  and  i  pt.  of  water  (as  employed  by  Flavitzsky)  and  subsequently 
distilling  with  water,  he  obtained  an  alcohol  boiling  at  102°  —  105°  C,  which 
did  not  solidify  when  cooled  to  —  30°  C. ;  but  with  a  mixture  of  2  vols,  of 
sulphuric  acid  (about  3*6  pts.  by  weight)  and  i  vol.  of  water  an  alcohol  boiling 
at  about  97°  C.  was  produced,  which  readily  solidified  between  —  20°  and  —  30°  C, 
and  which  had  not  the  same  odour  as  the  alcohol  of  higher  boiling  point. 
Amykne  hydrate,  also,  which  he  prepared  from  the  amylic  iodide  from  amylene 
by  Wurtz's  method,  did  not  solidify  at  —  30°  C.  Although  Ossipoff  concluded 
from  this  that  the  two  alcohols  he  obtained  were  isomeric,  and  respectively 
identical  with  ethyldimethylcarbinol  and  amylene  hydrate — adopting  the  view 
then  prevalent  that  the  latter  was  isopropylmethjlcarbinol — it  appears  highly 
probable  that  the  two  alcohols  in  question  are  really  identicd^and  that  the 
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aolution  of  chromic  anhydride  yields  acetone  and  acetic  acid  (Flavitzskj). 
Ainjlene  hydrate  is  remarkable  on  account  of  the  great  readiness  with  which  it 
is  resolved  into  amylene  and  water, — hence  its  name ;  this  decomposition  takes 
place  when  its  vapour  is  heated  to  200°  (392°  F.),  on  mixing  it  with  sulphuric 
acid,  or  when  it  is  heated  with  acetic  acid  in  the  water-bath ;  similarly,  when 


difference  observed  in  the  products  was  due  to  the  presence  of  impurity ;  for  we 
may  now  regard  it  as  an  established  fact  that  amylene  prepared  from  fermenta- 
tion amylic  alcohol  by  the  action  of  zincic  chloride  is  trimethylethylene  (see 
Amylglycols).  From  Henry's  more  recent  experiments  it  appears  that  the  state- 
ment on  p.  40 1  that  propylene  may  combine  with  hypochlorons  acid  in  two  ways 
is  incorrect,  and  that  the  compound  CH,.0HC1.CH2(0H)  is  always  produced 
(com p.  p.  462).  The  behaviour  of  hypochlorous  acid  with  olefines,  therefore, 
resembles  that  of  the  haloid  acids,  and  we  have  consequently  little  reason  to 
expect  that  the  behaviour  of  sulphuric  acid  will  prove  exceptional ;  so  that,  accord- 
ing to  the  law  which  regulates  the  combination  of  the  olefines  with  the  haloid 
acids  (p.  400),  trimethylethylene  will  furnish  a  tertiary  amylic  derivative  when 
combined  with  sulphuric  acid  : 

(CH,),CizCH.CH,   +   H,SO,   =    (CH,),C(HS0J.CH,.CH,, 

the  alcohol  from  which  would  be  ethyldimethylcarbinoL  Even  supposing, 
however,  that  the  complementary  reaction : 

(CH,),CI=CH.CH,  +    H.SO,  =    (CH,)3CH.CH(HS0^.CH„ 

is  possible,  it  is  highly  improbable  that  the  one  would  take  place  to  the  exclusion 
of  the  other  by  a  comparatively  slight  variation  in  the  concentration  of  the  acid, 
as  was  the  case  in  Ossipoff's  experiments.  Therefore,  admitting  the  action  of 
sulphuric  acid  on  amylene  to  vary  with  the  concenti'ation,  it  is  improbable  that  in 
the  one  experiment  only  the  tertiary  alcohol  and  in  the  other  only  the  secondary 
was  produced,  which  is  the  interpretation  Ossipoff  places  upon  his  results. 

The  production  of  trimethylethylene  from  fermentation  amylic  alcohol  is 
doubtless  the  final  result  of  a  series  of  changes.  It  is  not  improbable  that  in 
the  first  instance  the  zincic  chloride  and  alcohol  enter  into  reaction  to  produce 
zincic  chloramylate : 

ZnCl,    +   C,H,,.OH   =    ZnCLOC.Hj,    +    HCl, 

and  that  this  compound  is  subsequently  resolved  into  amylene  and  ZnCLOH, 
thus : 

ZnC1.0C,Hj,   =   C.H,,    +    ZnCLOH. 

These  reactions,  it  will  be  observed,  are  the  counterpart  of  those  which  occur  in 
the  formation  of  ethylene  from  sulphuric  acid  and  ethylic  alcohol.  In  this 
manner,  the  amylene,  isopropylethylene,  would  be  formed  from  the  isoprimary- 
butylcarbinol,  and  the  isomeric  ethylmethylethylene  from  the  secondary  butyl- 
carbinol  present  in  the  fermentation  alcohol.  Both  these  amylenes,  however, 
combine  with  hydrochloric  acid,  and  furnish  the  same  amylic  chloride :  and  the 
tertiary  amylic  chloride  thus  produced  is  readily  resolved  into  hydrochloric  acid 
and  the  amylene,  trimethylethylene.  The  supposition,  therefore,  that  these  two 
inverse  reactions  actually  occur,  is  perfectly  warranted,  and  appears  to  afford  a 
simple  explanation  of  the  isomeric  change  observed  in  the  formation  of  trimethyl- 
ethylene from  the  fermentation  alcohols.  The  action  of  zincic  chloride  on 
fermentation  amylic  alcohol,  however,  is  a  subject  requiring  investigation  on 
account  of  the  occurrence  of  other  hydrocarbons  besides  amylene  and  its  poly- 
merides  in  the  product  (p.  194) ;  the  formation  of  paraffins  is  not  yet  explained, 
and  it  has  to  be  shown  whether,  as  Wurtz  supposes,  all  the  products  are  derived 
from  amylic  alcohol,  or  in  part  from  other  alcohols.  niaitized  bvGoOQlc 
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mixed  with  bromine  at  ordinary  temperaturev,  it  furnishes  water  and  an  amylene 
bromide.  Its  haloid  derivatives  are  equally  unstable,  the  iodide  being  reconverted 
into  the  alcohol  by  mere  digestion  with  moist  argentic  oxide  at  o"  (32**  F.), 
whereas  the  iodide  from  fermentation  amylic  alcohol  is  scarcely  acted  upon  below 

I00''(2I2'*P.). 

( 1 44 1 )  Hex YLtc  Alcohols  :  C^H^.OH  =  i  o 2.— No  less  than  eight  isomeric 
hexylic  alcohols  have  been  described,  but  most  of  them  have  been  comparativelj 
little  studied : 

Primary         /  Pe^tylcarbinol C.H„«.CH,.OH  157" 

rnmary     .    ^  igoprimary-pentylcarbinol      .  C,H,,^.CH,.OH  148^- 154° 

(  huiyli.ethyk'arbinol    .     .     .  C,H/.CH(CH,).OH   135**— 138** 
Secondary  .    ^  Prop}    thylcarbinol      .     .     .  C,H,*CH(C,H,).OH        135° 
(  Tertijny-butylmethylcarbinol    C,H/.CH(CH3.0H        I20**'5 

(  Difthylmethylcarbinol.     .     .  (CgH.),C(CH,).OH     up*— I2i** 

Tertiary     .    ^  Propyldimethylcarbinol     .     .  (CH,)^C(C,H,)«OH    lu**—!!;"* 

(  l>opropyldimethylcarbinol     .  (CH,),C(C,H,)^.OH   112°— 113* 

(1442)  Primary  Hexylic  Alcohols,  Normal  Primary  Hexylic  Alcohol : 
CH,.CH,.CH,.CH,.CH,.CH,(OH).— The  essential  oil  of  Heracleum  giganie^m 
contains  a  considerable  amount  of  hexylic  acet4ite,  the  portion  boiling  at  about 
201''— 206°  (393°'8 — 402°-8  F.)  being  a  mixture  of  this  ether  and  octylic 
butyrate ;  from  this,  hexylic  and  octylic  alcohols  may  be  obtained  by  saponifica- 
tion with  an  alcoholic  solution  of  potassic  hydrate,  and  then  separated  by 
fractional    distillation   (Franchimont  and  Zincke,  Ann,   Chem.  Pharm.,  clxiii. 

193). 

The  hexylic  alcohol  thus  obtained  is  a  colourless  oily  liquid  of  pleasant 
aromatic  odour  and  insoluble  in  water.  It  boils  at  157*  (3I4°'6  F.),  and  at  23** 
(73°'4  F.)  has  the  specific  gravity  '8 1 9.  On  oxidation,  it  furnishes  normal 
caproic  acid,  C^H^^.COOH. 

IsopHmary  Hexylic  Alcohol :  (CII,),CH.CH,.CH,.CH,(OH).  —  Faget 
in  1853  separated  liom  brandy  fusel  oil,  a  portion  boiling  at  148^ — ^54° 
(298**  4 — 309°'2  F.),  which  he  states  gave  caproic  acid  on  oxidation  ;  he  re- 
garded it  as  caproylic  or  hexylic  alcohol,  and  from  the  boiling  point  it  appears 
not  improbable  that  the  substance  he  obtained  was  the  next  homologue  of  fer- 
mentation amylic  alcohol  (compare  also  Wurtz,  Ann.  Chem.  Pharm,,  cxxviii. 
3r6).  No  attempt  appears  to  have  been  made  since  then  to  isolate  this 
alcohol  from  fusel  oil,  but  its  re-dibcovery  and  investigation  are  much  to  be 
desired. 

(1443)  Secondary  ffejylic  Alcohols.  Primary-hutylmethylcarhinol : 
CH3.CH,  CH,.CH,.CH(CH,).OH.— Aniixture  ofthis  alcohol  with  primary  hexylic 
alcohol  is  obtained  from  normal  hexane  by  chlorination,  Su\t  according  to  Schorlem- 
mer's  method.  The  pure  alcohol  is  produced  by  the  action  of  moist  argentic  oxide 
on  the  secondary  hexylic  iodide  from  mannite,  or  by  combining  the  hexylene  ob- 
tained from  thin  iodide  with  sulphuric  acid,  and  distilling  the  product  with  water 
(Erlenmeyer  and  Wanklyn  ;  Hecht,  Ann,  Chem.  Pharm.,  clxv.  146).  By  the 
action  of  zincic  ethide  on  dichlorinated  ethylic  ether,  Lieben  {ihid,,  clxxviii.  i) 
has  obtained  a  dielhylether,  which,  by  the  action  of  hydriodic  acid,  may  be  con- 
verted into  a  hexjlic  iodide  ;  this,  when  treated  with  argentic  acetate  and  glacial 
acetic  acid,  yields  an  acetate  from  which  butylmethylcarbinol  may  be  obtained 
on  saponification.  The  formation  of  butylmethylcarbinol  in  this  manner,  how- 
ever, is  the  result  of  isonitric  change,  and  that  this  is  the  caae  will  be  evident 
from  the  following  formulae :  ^  j 
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CHCl        ;         CH.aH.        ;         CHI        ;        CH..OH. 

II  II 

O.C,H,  O.C,H.  C,H,  CH, 

Dlchk^ther.  Dlethjlether.  |^«ii^?itttr.  "^aSlIlT'- 

The  change  probably  occurs  when  the  iodide  is  submitted  to  the  action  of  acetic 
acid  and  argentic  acetate,  the  iodide  being  first  converted  into  the  hexjlene, 
propylmethjlethylene,  C,H,.HCziCH.CH,,  which  combines  with  the  acetic  acid, 
forming  the  acetate  of  butyl  methylcarbinol.  A  similar  change  in  the  butyl 
series  has  been  mentioned  previously  (p  442). 

Bntylmethylcarbinol  is  a  colourless  liquid,  insoluble  in  water,  possessing  a 
pleasant  alcoholic  but  also  aromatic  odour ;  it  boils  at  135° — 138"  (275® — 
280^*4  F.) ;  the  specific  gravity  of  the  alcohol  from  hexylene  is  '8266  at  0° 
(32*  F.),  according  to  Hecht.  On  careful  oxidation,  it  is  converted  into  butyl- 
methylketone,  which  on  further  oxidation  yields  normal  butyric  acid, 
C.li,.COOH,  and  acetic  acid. 

Fropylethylearhinol :  C,H^CH(C,Hj.OH,  is  formed  from  ethylpropyl- 
ketone  by  the  action  of  nascent  hydrogen  (Yolker,  Dewt,  chem,  Q^s.  Ber,, 
viii.  1019).  It  boils  at  135**  (275"  F.),  its  specific  gravity  at  0°  (32*  F.) 
^ng  '8335,  *"^  '8188  at  20**  (68**  F.).  By  oxidation  it  yields  ethylpropyl- 
ketone,  from  which  propionic  and  acetic  acids  are  obtained  by  further  oxidation. 

Ih-tiary-bufylmetkylcarbinol :  FmacoUe  Alcohol:  C^H,«.CH(CH,).OH, 
or  (OH.),C  CH(CH,).OH.— Friedel  and  Silva  have  obUined  this  alcohol  by  the 
action  of  nascent  hydrogen  on  pinacolin  or  tertiary-butyl  methylketone  (Compt 
Itend,y  IxxvL  226) ;  it  is  a  liquid  of  camphorous  odour,  which  boils  at  120^*5 
(248*9  F.),  and  at  o**  (32°  F.)  has  the  specific  gravity  '8347.  It  solidifies 
at  a  low  temperature  to  a  mass  of  long  silky  needles,  which  melt  at  4^  (39^'2  F.). 
By  careful  oxidation  it  is  reconverted  into  the  ketone,  which  may  be  oxidized  to 
triroethaoetic  acid : 

(CH,),C.CO.CH,  +  4(0+ OH,)  --  (CH,)^C.COOH  A  H.COOH  +  4H,0. 

This  behaviour  is  of  especial  interest,  as  it  is  the  only  instance  at  present 
known  in  which,  on  oxidizing  the  ketone  formed  from  a  secondary  alcohol  of 
the  ethylic  series,  the  more  complex  radicle  remains  in  combination  with  the 
CO  gronp  of  the  ketone,  the  simpler  radicle  being  displaced  by  OH. 

The  constitution  of  this  alcohol  has  been  the  subject  of  considerable  dis> 
cossion  on  account  of  its  formation  from  pinacolin,  which  is  produced  by 
heating  pinaoone  with  dilute  sulphuric  acid;  pinaoone  is  a  body  obtained 
together  with  isopropylic  alcohol  when  acetone  is  submitted  to  the  action  of 
nascent  hydrogen,  and  its  formation  in  this  manner  is  the  result  of  the  following 
simple  reaction : 

(CH,),CO  (CH,),C.OH 

+     H,     =  I 

(CH,),CO  (CH,),C.OH 

S  mob.  aoetooe.  Plnscone. 

Pinacolin  is  produced  from  pinaoone  by  the  withdrawal  of  the  elements  of  a 
molecule  of  water,  but  on  comparing  the  formulae  of  the  two  compounds,, 
it  will  be  obvious  that  its  formation  most  be  attended  with  isomerio: 
change : 

C(CHJ,.OH  C(CH,), 

C(CH,),.OH       '  CO.CH^ 
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That  this  is  the  case  there  is  no  doubt,  lor  Batlerow  has  shown  that  the 
ketone  prepared  from  zincie  methide  and  trimethacetio  chloride,  C(CH,)^C0C1« 
is  identical  with  the  pinaoolin  from  acetone.  The  manner  in  which  the  oonrer- 
fdon  occurs  cannot  at  present  be  traced,  but  it  would  appear  to  be  an  instance  of 
direct  intramolecular  change. 

(1444)  Tertiary  ffexylic  Alcohols, — ^Three  such  are  known,  viz. : 

B  P  **  C 

Methyldiethylcarbinol  .  .  (C,H.),C(CH3).0H  1 1 9^—1 2 1* 
Propyldimettiylcarbinol  .  (CH,),C(C,H,)»OH  114°— 117** 
Isopropyldimethylcarbinol .  (CH,),C(C,H/.OH    112**— ii3' 

They  are  respectively  obtained  by  the  action  of  zincie  ethide  on  acetic  chloride, 
CH^COCl ;  by  the  action  of  zincie  methide  on  butyric  chloride,  C^Hy^COCl ; 
and  by  the  action  of  zincie  methide  on  isobutyric  chloride,  C,H,^.(X>C1, 
the  products  of  these  reactions,  after  standing  several  days,  being  treated  with 
water  (Butlerow,  Jahrb,,  1865,  461 ;  Prianichnikoff,  Ann,  Chem.  Pharm,, 
clxii.  67). 

They  are  liquids  possessing  an  alcoholic  and  camphorous  odour.  Diethyl- 
methyloarbinol  solidifies  at  -  35°  (  -  31^  F.)  to  a  mass  of  long  fine  needles, 
but  the  isomeric  tertiary  alcohols  merely  become  viscid.  Oo  oxidation,  diethyl- 
methylcarbinol  is  converted  into  acetic  acid ;  dimethylpropylcarbinol  furnishes  a 
mixture  of  propionic  and  acetic  acids;  and  dimethylisopropylcarbinol  yields 
acetone  or  dimethylketone.  A  small  quantity  of  a  hexylene  was  also  formed 
from  diethylmethylcarbinoL 

(1445)  Hepttlic  Alcohols:  C,H^f.OH  =  116. — The  nine  following  hep* 
tylio  alcohols  have  been  obtained : 

B.P.'a 

Hexjrlcarbinol C,Hj,*.CH,.OH  175°'5 

Isoprimaryhexyloarbinol  •     .     .     C,H„^.CH,.OH  163**— 165"* 

Amylmethyloarbinol   .     .     •     .  C,H^,«.C(CH,)H.OH  160^— 162'» 

Dipropylcarbinol (C,H,),*CH.OH  149**— 150^ 

l8oprimaryamyImethylcarbin<d   .  C,Hjj^.C(CH,)H.OH  146*^— 148* 

Diisopropylcarbinol     .     .     •     .  (C,H,)/CH.OH  131^—132^ 

Triethylcarbinol C,H,.C(e;B,),.OH         146**— 142** 

Isoprimarybutyldimethykarbinol     C^H/.C(CH,),.OH         1 29*— 13 1* 
Tertiarybutyldimethyloarbin<d    .     C^H/.C(CH,)^OH         131'*— 132^ 

(1446)  Primary  ffeptylie  Alcohols,  Normal  Primary  Heptylie  AUokol 
w  Hexylcarbinol :  C.H^»CH,(OH)  or  CH,.CiH,.CH,.CH,.CH,.CH,.CH,(OH), 
is  best  prepared  by  the  action  of  nascent  hydrogen  on  heptylic  or  oenanthic 
aldehyde  from  castor  oil,  which  for  this  purpose  ia  dissolved  in  acetic  acid 
and  treated  with  sodium  amalgam  (Grimshaw  and  Schorlemmer,  Proc.  Roy, 
80c,,  1873,  393)*  ^^  ^^7  ^^  ^  formed  fix>m  normal  heptane  by  chlorination, 
&c.  It  is  a  limpid,  somewhat  oily  liquid,  possessing  an  aromatic  odour,  and 
boils  at  I'JS'^'S  (347***9  F.)  (Schorlemmer,  Ann.  Chem.  Pharm.,  dxxvil  303) ; 
on  oxidation  it  yields  hexylic  or  oenanthic  acid,  C,Hj,.COOH. 

Isoprimary  or ^Hexylcarhinol :  (CH,),CH.CH,.CH,.CH,.CH,(OH),  is 
formed  together  with  isoprimary  or  /3-amylmethylcarbinol  from  the  paraffin 
ethylisoamyl,  CH,.CH,.CH,.CH,.CH(CH J^  by  Schorlemmer's  method.  It  boila 
at  163^—165'*  (325*'4 — 329®  P.),  and  on  oxidation  yields  isocenanthic  add, 
(CH,),CH.CH,.CH,.CH,.COOH  (Grimshaw,  Joum,  Chem.  Soc.,  xxvi.  313). 

Schorlemmer  has  in  a  similar  manner  obtained  an  isomeric  alcohol  from  the 
heptane  which  accompanies  normal  heptane  in  petroleum,  but  its  constitution  ia 
not  known;  it  boils  at  165°— 170°  (329"*— 338"  P.)  (ibid.,  ^lo). 
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AooordiDg  to  Faget  (^itn.  Chem,  Pkarm,,  czxiv^.  355),  the  portion  of  the 
fusel  oil  from  the  fermentation  of  grape  gkins,  boUing  at  155** — 160^ 
(239° — 248**  P.)  has  the  composition  of  heptylic  alcohol. 

(1447)  Sec.  Sept.  Alcohols.  Amylmethylcarbinol :  C,H„*  C(CHJH.0H, 
obtained  from  normal  heptane,  boils  at  160® — 162®  (320° — 323®'6  F.),  and  fur- 
nishes amylmethylketone  on  oxidation  (Schorlemmer).  The  heptane  which 
sux»mpanies  normal  heptane  yields  an  isomeric  alcohol  of  onknown  constitntioD, 
boiliDg  at  148° — 156**  (298''4— 302*  F.).  The  secondary  alcohol,  itoamylr 
methylcarbinol :  C,HyP.C(CH[,)H.OH,  from  the  heptane  ethylisoamyl,  boils  at 
146° — 148°  (294®-8— 298°'4  F.),  and  is  converted  into  isoamylmethylketone 
by  oxidation  (Qiimshaw). 

Biprop^learbinol :  C,H,*  C(C,Hy)»H.OH,  is  obtained  by  the  action  of 
nascent  hydrogen  on  dipropylketoue,  C,Hy«  CO.C,Hya.  It  is  a  somewhat  yiscid 
liqaid,  of  penetrating  odour,  only  slightly  soluble  in  water,  and  boiling  at  149^ — 
^5<>°  (300^-2— 302"*  F.);  its  specific  gravity  at  25°  (77**  F.)  is  -814.  On 
oxidation,  it  is  reconverted  into  the  ketone  (Kurtz,  Ann,  Chem.  Fharm.,  clxi. 
212). 

Diieopropylearhinol,  C,HyP.C(C,Hy)^H.OH,  is  prepared  in  a  similar  man- 
ner from  diisopropylketone,  C,H/.CO.C,Hy^  (Munch,  ibid.,  dxxx.  333).  It 
possesses  a  pleasant  ethereal  odour,  somewhat  like  peppermint,  and  has  the 
specific  gravity  8323  at  17°  (62**-6  ¥.).  It  boils  at  131**— 132''  (267**-8— 
269^*6  F.),  and  on  oxidation  is  reconverted  into  the  ketone. 

(1448)  Tertiary  Heptylie  Alcohols.  2We%fcar6t»o/ .•  C,H,.C(C,H,\.OH, 
prepared  from  propionic  chloride,  C,H,.C0C1,  and  zineic  ethide,  is  a  colourlens 
liqaid  of  camphorous  odour,  difficultly  soluble  in  water ;  it  becomes  visdd  when 
cooled  to  -  20°  (  -  4*  F.).  It  boils  at  140^—142°  (284°— 287°-6  F.),  and  at 
o**  (32°  F.)  has  the  specific  gravity  '8593.  On  treatment  with  an  oxi- 
dizing mixture  of  sulphuric  acid  and  potassic  dichromate,  it  furnishes  propionic 
and  acetic  acids,  and  a  small  quantity  of  a  heptylene  (Nahapetian,  ihid.,  dxii. 

44). 

DknethylisohOylcarhinol :  C^H/.C(CH,)^OH,  has  been  obtained  from 
valeric  chloride,  C^Hj^.COCl,  and  zineic  methide;  the  valeric  acid  em- 
ployed in  the  preparation  of  the  chloride  being  that  produced  by  oxidizing 
fennentation  amylic  alcohoL  The  heptylic  alcohol  thus  prepared  is  probably  a 
mixture  of  isoprimary-bntyldimethylcarbinol  with  small  quantities  of  secondary- 
bntyldimethylcarbinol.  It  is  almost  insoluble  in  water,  and  possesses  a  powerful 
camphorous  odour ;  it  boils  at  129**— 131**  (264*-2 — 267°'8  F.).  When  cooled 
to  —  20^  (  -  4"  F.)  it  merely  becomes  viscid.  On  oxidation,  it  yields  isobntyric 
and  acetic  acids  (Pawloff,  ibid.,  dxxiii.  192). 

Marko?mikoff,  by  combining  the  heptylene  from  oxyisocaprylie  acid  (p.  197) 
with  hydriodio  acid,  and  treating  the  resulting  iodide  with  moist  argentic  oxide, 
obtained  an  lalcohol  boiling  between  123°  and  132°  (253°'4  and  269^*6  FJ, 
which  there  can  be  little  doubt  is  impure  isoprimary-butyldimethylcarbinol.  It 
is  distinguished  by  the  readiness  with  which  it  is  resolved  into  heptylene  and 
water  (Zeits.  Chem.^  187 1,  269). 

Tertiary-buiyldimethylearbynol :  (OH,),C.C(CH,),.OH,  is  obtained  from 
trimethacetic  chloride,  (CH,),C.C0C1,  and  zineic  methide.  It  crystallizes  in  long 
needles,  melting  at  about  17°  (62°*6  F.),  and  boils  at  about  131"* — 132* 
(267*''8 — 269'''6  F.);  it  attracts  water  with  g^reat  avidity,  forming  a  crystalline 
hydrate,  2C,H,,0,H,0,  which  melts  at  about  83**  (i8i°-4  P.).  This  hydrate 
crystallizes  in  long  transparent  prismatic  needles,  perceptibly  soluble  in  water ; 
it  is  extremely  volatile  even  at  ordinary  temperatures,  and  especially  on  heating 
with  water.  It  is  very  slowly  acted  upon  by  a  mixture  of  potassic  dichromate 
and  dilate  sulphtiric  add ;  bromine  is  also  without  action  at  ordinary  toq^peratans. 
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but  on  wftrmiDg  a  white  solid  produet  is  obtained,  which  sppveDtly  if  a  mtz- 
tore  of  C,H,^Br  and  C,H„Br,  (Butlerow,  Und.,  clxxvii.  176). 

(1449)  OcTYLic  Alcohols:  C,H^^0H=i3o. — Oar  knowledge  of  theae^ 
alcohols  is  at  present  very  imperfect,  only  three  being  known  with  certainty, 
y]z«: 

Heptylcarbinol    .     .     .     C,Hj,«.CHj.OH  196**— 197*^ 

Hexylmethykarbinol      .     C.H„«C(CH,).H.OH  iSo*' 

Propyldiethykarbinol     •     C,U,».C(C,HJ,.OH  ? 

(1450)  Normal  Primary  Octylic  AlcoM  or  Sepijflearhinoi  .• 
CH,.CH,.CH,.CH^CH,.CH,CH,.CH,(OH),  is  obtoined  by  saponiiying  the 
portion  of  the  esuential  oil  of  Meracleum  tpondylium,  boiling  at  206° — 208^ 
(402^*8 — 4o6'''4  E.),  and  wh^ch  oiiiefly  oonsiHts  of  octylic  acetate.  Normal 
octylic  etbere  are  also  present  in  the  oils  from  other  wubellifera,  such  aa 
S.  gigwnteum  and  JPastinaea  saliva  (comp.  Motflinger,  DeuL  ckem,  Om. 
JSer.,  ix.  998).  It  is  a  colourless,  oily  liquid,  almost  insoluble  in  water,  of  the 
specific  gravity  '830  at  16''  (6o"*8  .F.)>  ^nd  possesses  a  peculiar,  penetrating, 
aromatic  odour.  It  boils  at  196" — 197"^  (384° — 386**'6  F.).  On  oxidation,  it 
furnishes  normal  octylic  or  caprylic  acid,  C^H^.COOH  (Zincke,  Ann.  Ckem, 
Fharm,,  clii.  i ;  Renesse,  ibid.,  clxvi.  80). 

(145 1)  PrimaryhexylmethylcarUnol  :  C.H„« C(CH,)H.OH.  —  Thia 
alcohol  is  obtained  by  the  dry  distillation  of  castor-oil  soap.  The  corresponding 
ketone,  methylhexyllietone,  is  also  produced;  from  Nelson's  experimenta 
(Joum,  Ckem.  Soc,,  xxvii.  837),  it  appears  that  the  ratio  between  the  amount 
of  alcohol  and  ketone  depends  upon  the  excess  of  alkaline  hydrate  and  the 
temperature  employed,  a  relatively  greater  yield  of  alcohol  being  obtained  the 
higher  the  temperature,  and  the  greater  the  excess  of  alkaline  hydrate,  within, 
of  course,  proper  limits.  A  soap  made  from  equal  parts  of  sodium  hydrate  and 
castor-oil,  with  a  quantity  of  water  equal  to  about  one-fourth  the  weight  of  the 
oil,  may  be  employed,  and  distilled  in  quantities  of  100  to  200  grammes  from 
a  copper  retort 

Alethylhexylcarbinol  is  a  mobile,  oily  liquid,  of  peculiar  aromatic  odour, 
having  the  specific  gravity  '823  at  16**  (60°  8  F.);  it  boils  at  181*' 
(357°'^  F.) .  according  to  Neison,  but  according  to  Schorlemmer  at  I79'''5 
(355**' I  F.)  {ibid,,  xxviii.  207),  When  oxidized  it  furnishes  methylhexylketone, 
which  on  further  oxidation  is  converted  into  acetic  and  normal  caproic  aoida ; 
bromine  is  readily  dissolved  by  it,  but  exerts  no  action  upon  it  at  ordinary 
temperatures, 

A  mixture  of  this  alcohol  with  the  primary  alcohol  is  obtained  from 
normal  octane  by  chlorination,  &a.  (Schorlemmer,  Ann.  Chem,  Fkarm.,  dii. 
152). 

By  distilling  hezylmethylcarbinol  with  zincic  chloride,  combining  the  oetylene 
ihus  obtained  with  hydriodic  acid,  converting  the  resulting  octylic  iodide 
into  acetate  by  digesting  it  with  argentic  acetate,  and  saponifying  this  acetate, 
De  Clermont  has  obtained  an  alcohol  boiling  at  174**— 178'' (345*** 2—35 2'*'4F.), 
of  tbe  specific  gravity  '811  at  o^  (32^  F.),  and  which  furnishes  methylhexylcar- 
binol  and  acetic  and  caproic  acids  on  oxidation  {iHd.,  cxlix.  38 ;  Bull.  Soc, 
€!kim,  [2],  xiL).  Unless  the  action  of  sincic  chloride  on  methylhexylcarbinol  is 
.attended  with  isomeric  change,  there  can  be  little  doubt  that  the  oetylene  pro- 
duced is  a  methylamylethylene  of  the  formula  CH,.CHziCH.C^„'',  and  thia 
•olefine  may  be  expected  to  furnish  the  iodide  OH,.Cm.CU,.C.H^^'^  when 
•combined  with  hydriodic  acid.  The  alcohol  produced  in  the  manner  above 
4e8oribed  should,  thereforei  be  methylhexylcarbinol;  but,  according  to  De  GLar- 
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mont.  it  do6«  aot  agree  with  it  in  all  it  properties,  althoagh  it  foniiahea  the 
■ame  oxidatioii  produets. 

(1452)  Prop^ldieMycarhinol ;  C,H  «.C(C,H  J,.OH,  i«  prepared  from  butyric 
chloride,  C,Hy*.COCU  And  zincic  ethide,  bat  it  has  not  been  obtained  in  a  state 
of  parity.  Its  boiling  point  is  stated  to  be  between  145°  and  155^  (293^  and 
311°  E.),  but  thede  numbers  am  probably  much  too  low;  on  oxidation  it 
yields  propionic  and  acetic  acids  (Butlerow,  Jahresb.,  1865,  4^')* 

(1453)  Milker  Homologue»  (f  Etkylic  AleohoL — No  alcohols  of  known 
constitution  of  the  higher  terms  of  the  series  hare  been  artificially  prepared  in 
a  state  of  parity.  What  is  probably  a  mixture  of  two  nonylio  alcohols  has 
been  obtained  from  petruleam  nonane,  and  diisoamyl  appears  also  to  furnish  a 
mixtnre  of  two  isomeric  decylic  alcohols  when  chlorinated,  ^  It  is  stated 
(Deitt.  ekem,  Qes.  Ber.,  v.  479)  that  when  bromacetic  bromide,  CH^Br.COBr, 
is  submitted  to  the  action  of  zincie  ethide,  and  the  product  treated  with  water, 
a  decylic  alcohol,  Cj^H^.OH,  boiling  at  1 5  5**— 1 5  7"*  (3 1 1  **— 3 1 4'*6  F.)  is  obtained. 
The  reaction  is  apparently  of  an  altogether  abnormal  character  and  requires 
explanation :  if  a  decylic  alcohol  is  really  produced,  it  is  probably  the  tertiary 
alcohol  (C,H  J,CH.C{C,H  J,.Oa 

We  have  now  only  to  consider  the  three  remaining,  and  highest,  terms  of 
the  series,  which  are  derived  from  natural  products — viz.,  cetylic  alcohol  or  ethalf 
C„H„.OH;  cerylic  alcohol,  Q„R^,OR  I  and  ww/mw  a/coibt  C„H.,.OH. 

Cetylic  alcohol  is  prepared  I'rom  Hpermaceti  by  saponification  either  by  boiling 
it  with  an  alcoholic  solution  of  potassic  hydrate,  or  by  carefully  fusing  it  with 
potasaic  hydrate;  spermaceti  consisting  chiefly  of  cetylic  palmitate.  It  is 
pnrified  by  crystallization  from  ether.  Cerylic  alcohol  is  obtained  in  a  similar 
manner  from  CUineae  wax  or  cerylic  cerotate.  Melissio  alcohol  is  obtained  by 
the  action  of  melting  potassic  hydrate  on  myriein,  the  portion  of  bees-wax 
insolable  in  boiling  alcohol,  and  which  consists  chiefly  of  melissio  palmitate. 

These  alcohols  are  crystalline  waxy  solids,  insoluble  in  water,  but  sohible  in 
«ther  and  alcohoL  Cetylic  alcohol  is  stated  to  melt  at  50^  (122*  F.)»  and  to 
distil  unaltered ;  cerylic  alcohol  melts  at  97°  (2o6°'6  F.),  and  is  partly  decom- 
posed into  water  and  cerotene,  C^H^,  on  distillation  ;  meiissic  alcohol  melts  at 
35^  (185°  F.),  and  is  also  partially  decomposed  on  distillation  into  water  and 
joeleue,  C^H^.  When  heated  for  some  time  with  potassic  hydrate  these  alcohols 
Are  converted  into  the  potassie  salts  of  the  corresponding  acids  of  the  acetic 
Aeries,  for  example : 

C„H„.OH     +     KHO     =     C,.H„FO,     +     2H,. 

CekyUo  alcohol  Potauie  pslmttste. 

From  this  behaviour  they  would  appear  to  belong  to  the  primary  alcohols. 
At  present  no  other  reactions  are  known  which  tend  to  throw  light  npon  their 
constitntion, 

(1454)  In  order  to  facilitate  a  comparison  between  the  yarions 
homologous  and  isomeric  alcohols  of  the  ethylic  series^  they  are 
classified  in  the  following  table  in  groups  of  strictly  homologous 
compounds.  The  mean  boiling  point  in  ^  C.  is  given  for  each 
^cohQl  underneath  its  formula ; 
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CH,.OH 


CH. 

78^-4 


CH,.OH 


CH. 


C^.  CH.OH 

CH..OH  CH. 

97°'4  82*^-8 

C.H. 

C.H,»  CH(CH.),                                   CH.OH 

CH,.OH  CH..OH                                     CH. 

117''  io8**-4                                          99* 


C.H,-  C.H.  C,H,3 

C,H.-  CH,.CH(CH.),      Ch|^^«        CH.OH  CH.OH  CH.OH 

I  I  I     i^^«        I  I  1 

CH..OH      CH,.OH  CH..OH         CH.  C.H,  CH, 

137*"  131''  128*  120''  117*  104* 


C,H..  C.H,* 

C.H,j«  CH.OH  CH.OH 

CH,.OH  CH.  C.H. 

157"  138*  135* 


C.H,-  W  C.H,,^ 

C.H  «         C.H,/  CH.OH  CH.OH  CH.OH 

II  I  I  I 

CH..OH      CH,.OH  .         CH.  C.H,*  CH, 

175^-5  164*  i6i^  150^  147" 


C,H„*  CH.OH 

CH..OH  CH. 


i96**-s  180'' 
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CH,) 


CH.  f  C.OH 

—  ( 


CH,  ' 


CH.  ) 


C.OH 


102 


C(CH.), 

CH.OH 
I 
CH. 

no's 


C,H. 
C.H. 
CH.J 


C,H,«  )  C.H/  ) 

C.OH     CH.     [  C.OH  CH,     ^C.OH 


CH. 


CH. 


120 


iiS'-o 


II2°-5 


CH, 
I 
C.H, 


.OH     C,H,  \ 

C,H,  I  C.OH 

1/    c.H.r 


i3i°'5 


141" 


CH, 
CH, 


l,"  )  C(CH.). 

,     \  C.OH  CH, 

J  — 


CH. 


C.OH 


130 


i3i"S 


C.H,. 
C.H. 
C.H. 


tCOH 
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From  this  table  it  will  be  evident  that  a  relation  exists 
between  the  boiling  points  of  the  homologous  alcohols  ;  but  this 
will  be  better  seen  on   reference  to   the  following  table,  which 


B.P.       Bit 

B.P.     wr. 

B.P. 

va. 

B.P.      ©if. 

B.P.    mr. 

RP. 

Dit 

B.P.        Mt 

S8»-6 

ip'-S 

78% 

i9°.o 

97-4 

82*»-8 

i9'-6 

i6°-2 

117*0 

io8«-4 

99' 

8a«- 

5 

ao*o 

ajo-e 

21» 

i9°S 

i37°-o 

iSi'-o 

I20* 

1I7* 

104' 

102' 

20°0 

i57°'o 

0 

X 

138' 

18" 

18" 
I3S' 

M 
M 

X 

120' 

18° 

II2'-5 

i8»-5 

• 

23" 

IS' 

C« 

2I« 

i7°-5 

i75°'S 

i64°o 

161° 

ISO" 

147° 

141- 

130' 

2l'-0 

19' 

196*5 

180° 

exhibits  only  the  bailing  points  of  the  alcohols^  and  the  differences 
between  them.  In  the  series  of  normal  primary  alcohols  the 
difference  between  the  boiling  points  of  two  successive  terms  is 
in  most  cases  19° — 20°  C,  19^7  being  the  mean  difference  in 
this  group.  The  differences  between  successive  terms  in  the 
other  groups^  ifc  will  be  seen^  also  approxinciate  more  or  less 
closely  to  this  number^  and  the  mean  of  the  23  differences  in 
the  table  is  19^*2;  hence  it  would  seem  that  a  difference  in 
composition  of  CHg  between  two  strictly  homologous  alcohols 
corresponds  with  a  difference  of  19^  to  20^  in  boiling  point;  and 
it  is  the  more  probable  that  this  relation  obtains  since  the 
boiling  points  of  most  of  the  alcohols  have  been  determined  only 
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approximately.  Usually^  only  small  quantities  of  material  ha^e 
been  at  the  disposal  of  the  operators,  and  therefore  it  has  been 
impossible  to  completely  purify  the  alcohols;  moreover,  the 
determinations  have  been  made  by  different  chemists,  employing 
different  instruments,  and  in  most  cases  merely  the  observed 
boiling  point  is  stated  without  correction.  It  is  remarkable  that 
whilst  the  difference  in  boiling  point  between  successive  homo- 
logues  in  the  ethylic  series  of  alcohols  is  apparently  constant,  and 
the  same  in  each  group,  in  the  paraffin  series  of  hydrocarbons 
quite  a  different  relation  obtains;  thus  we  have  seen  (p.  [33) 
that  in  the  latter  series,  the  increase  of  boiling  point  for  each 
difference  of  CH,  in  the  case  of  the  normal  paraffins  diminishes 
progressively  by  about  4°  from  37°  to  about  19°  when  it  appears  to 
become  constant.  It  will  be  evident,  without  further  remark,  from 
the  table  on  the  previous  page,  that  if  the  relation  in  boiling 
point  between  the  homologous  alcohols  of  the  ethylic  series  here 
pointed  out  as  probable  actually  obtaias,  the  boiling  points  of 
many  of  the  alcohols  are  at  present  very  incorrectly  determined ; 
for  example,  supposing  that  the  boiling  point  of  isoprimary- 
butylic  alcohol  is  io8°'4  C,  it  is  probable  that  131°  is  too  high 
a  boiling  point  for  the  homologous  isoprimary  amylic  alcohol, 
since  the  difference  between  the  two  numbers  is  no  less  than 
2a°"6.  Similarly,  if  82°'8  C.  is  the  boiling  point  of  isopropylic 
alcohol,  that  of  the  homologous  ethylmethylcarbinol  is  probably 
3°  or  3°  higher  than  99°,  since  the  difference  between  the 
numbers  82°-8  and  99°  is  only  i6°*2. 

(1455)  Haloid  Derivatives  of  the  Alcohols  of  the  Ethylic 
Series, — Very  little  is  known  in  regard  to  the  behaviour  of  the 
halogens  with  the  alcohols  of  the  ethylic  series ;  chlorine  and 
bromine  appear  to  enter  more  or  less  readily  into  reaction  with 
most  of  them,  but  it  is  doubtful  whether  iodine  is  capable  of 
directly  acting  upon  them. 

Chlorine  and  bromine  are  without  action  on  pure  methyl ic  alcohol  in  the 
cold  (Henry,  Deut  chem.  Get.  Ber,,  vi.  744 ;  Grimaux,  Bull  Soc,  Ohem., 
1874,  xxii.  24);  the  nature  of  the  products  obtained  on  heating  ban  yet  to 
be  ascertained  *  To  judge  from  the  behaviour  of  ethylic  alcohol  and  the  few 
observations  made  with  other  primary  alcohols,  the  first  action  of  chlorine  and 


*  The  statement  on  p.  425,  that  chlorine  acts  with  great  energy  on  methylic 
alcohol,  is  apparently  incorrect.  It  was  written  without  knowledge  of  Grimaux's 
experiment*,  which  show  that  Cloez's  observations  were  made  with  an  impure 
alcohol  containing  acetone,  and  that  the  substances  he  obtained  were  derived 
from  the  latter,  the  so-called  parachloride  being  pentaohloracetone,  C,HCl  0,  and 
parabromalide,  pentabromaoetone,  C,UBr  0. 
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bromine  on  primary  alcohols  consists  in  the  displacement  of  one  of  the  atoms  of 
hydrogen  attached  to  the  carbon  atom  with  which  the  OH  group  is  associated ; 
and  if  the  behaviour  of  isopropylic  alcohol  is  typical  of  that  of  secondary  aloohoLn 
generally,  the  first  product  of  the  action  of  halogens  on  these  alcohols  is  formed 
by  the  displacement  of  the  atom  of  hydrogen  associated  with  the  carbon  atom  to 
which  the  OH  group  is  united.  The  monohaloid  derivatives  thus  produced  are 
so  unstable,  however,  that  they  cannot  be  isolated,  being  readily  resolved  into 
haloid  acid  and  an  aldehyde,  if  derived  from  a  primary  alcohol ;  or  into  haloid 
acid  and  a  ketone,  if  derived  from  a  secondary  alcohol. 

The  continued  action  of  the  halogens  on  the  primary  alcohols  does  not  lead 
to  the  displacement  of  a  second  atom  of  hydrogen  in  the  OH,(OH)  group,  but 
chlorine  or  bromine  becomes  introduced  in  place  of  hydrogen  in  the  radicle 
associated  with  this  group.  In  the  case  of  ethylic  alcohol,  we  know  that  the 
whole  of  the  hydrogen  in  this  radicle  may  be  displaced,  and  that  the  final  pro- 
duct of  the  action  of  chlorine,  for  example,  is  the  compound  CC1,.CHCL0H,  but 
we  have  no  knowledge  of  the  extent  to  which  hydrogen  may  be  displaced  in  other 
alcohols. 

From  the  behaviour  of  trimethyloarbinol  and  of  the  so-called  amylene  hydrate, 
it  appears  that  the  tertiary  alcohols  may  either  furnish  haloid  derivatives  which 
are  more  or  less  readily  resolved  into  water  and  haloid  define  derivatives,  or  they 
are  at  once  resolved  into  water  and  a  dihaloid  paraffin,  the  elements  of  a  molecale 
of  water  apparently  being  directly  split  off,  and  displaced  by  a  molecule  of  the 
halogen. 

Monohaloid  derivatives  of  alcohols  are  also  obtained  by  the  combination  of 
the  defines  with  hypochlorous  and  hypobromous  acids.  In  the  compounds  ^o 
formed,  the  halogen  and  the  OH  group  are  always  attached  to  different,  although 
contiguous,  carbon  atoms,  and  as  compared  with  the  monohaloid  derivatives 
formed  by  the  direct  action  of  the  halogens  on  primary  and  secondary  alcohols, 
they  are  highly  stable  bodies.  Thus  monochlorethylic  alcohol  or  glycol ic 
chiorhydrin,  CHjCl.CH^(OH),  formed  by  the  union  of  ethylene  and  hypochlorous 
acid,  is  a  colourless  liquid  of  specific  gravity  I  '24  at  8^  (46°'4  F.),  and  boils 
at  about  130^  (266*'  F.) ;  whUst  the  chloropropylic  alcohol,  CH,.CHC1.CH,(0H), 
boils  at  about  128°  (2 6 2° '4  F.).  Very  few,  however,  of  these  chlorinated 
alcohols  have  been  prepared  in  a  state  of  purity  and  their  properties  de- 
termined. 

In  discussing  the  law  which  regulates  the  combination  of  the  olefiues 
with  hypochlorous  acid  (p.  401))  we  have  stated  that  from  Henry  and 
Markownikoff's  experiments  it  appears  that  propylene  may  combine  with 
hypochlorous  acid  in  the  two  ways  represented  by  the  following  equations : 

a.  CH,.CHIZCH,   +   aOH   =   CH,.CHC1.CH.0H. 
/3.  CH,.CHz:CH,  +   C1.0H   =  CH,.CH(0H).CH,C1. 

The  first  expresses  the  manner  in  which  the  reaction  occurs,  according  to  Henry ; 
whilst  the  second  represents  Markownikoff's  view.  The  experimental  evidence 
from  which  these  very  opposite  conclusions  were  drawn  is  derived  from  the  study 
of  the  behaviour  of  the  product  on  oxidation.  Thus,  to  judge  from  the 
behaviour  of  propylic  and  isopropylic  alcohols,  a  chloropropylic  alcohol  of  the 
formula  CH,.CHC1.CH^(0H)  may  be  expected  to  furnish  the  aldehyde, 
CHg.CHCl.COH,  on  oxidation,  and  on  further  oxidation  this  should  yield  the 
chloropropiouic  acid,  CH,.CHC1.C00H;  but  chlorinated  isopropylic  alcohol, 
CH,.CH(0H).CH,C1,  should  furnish  monochloracetdne,  CH,.CO.CHp,  which  on 
further  oxidation  would  yield  acetic,  carbonic,  and  hydrochloric  acids. 

By  oxidizing  the  product  with  chi'omic  acid  mixture,  Markownikoff  obtained 

Digitized  by  VjOOQ IC 


I455-]  HALOID    DERIVATIVES.  463 

ft  body  of  ihe  composition  C,H^C10,  which  oa  further  oxidation  farnifthed  acetic, 
carbonic,  and  hydrochloric  acids ;  he,  therefore,  concluded  that  monochloracetone 
was  produced,  and  hence,  that  the  product  of  the  action  of  hypochlorous  acid  on 
propylene  was  the  chlorinated  alcohol,  CH,.CH(0H).CH,C1.  Henry,  however, 
found  that  when  nitric  acid  was  employed  as  oxidizing  agent,  the  product  was 
converted  into  the  chloropropionic  acid,  CH^.CUCLCOOH,  thus  proving  ap- 
parently that  it  had  the  constitution  expressed  by  the  formula  CH,.CHCLCHg(OH). 
Henry's  more  recent  experiments  {Deut.  chem.  Ges.  Ber,,  ix.  960,  1034)  show 
that  the  different  results  obtained  by  Markowuikoff  and  himself  are  probably 
due  to  the  employment  of  a  different  oxidizing  agent.  Thus  he  finds  that  the 
chloropropionic  acid,  CH^.CHCl.COuH,  is  oxidized  by  chromic  acid  to  acetic  and 
carbonic  acids ;  the  formation  of  these  latter  bodies,  therefore,  does  not  prove, 
as  Markownikoff  supposed  it  did,  that  the  compound  C,H^C10,  which  he  obtained, 
was  monochloracetone,  and  not  the  isomeric  chloropropionic  aldehyde.  The 
alcohol,  CH3.CH(0H).CHjCl,  which  Oppenheim  obtained  by  the  action  of  sul- 
phuric acid  on  a-chloropropylene  or  allylic  chloride  (p.  204),  when  oxidized  by 
nitric  acid  yields  carbonic  and  monochloracetic  acid,  CH^Cl.COOH,  but 
ciiromic  acid  produces  a  small  quantity  of  monochloracetone  with  acetic  and 
carbonic  acids. 

Hence  it  would  seem  that  the  action  of  hypochlorous  acid  on  the  defines 
does  not  vary,  but  that,  as  in  the  case  of  the  haloid  acids,  its  more  negative  con- 
stituent chlorine  enters  into  union  with  the  least  hydrogenized  carbon  atom  in 
the  define,  the  less  negative  radicle  OH  combining  with  the  contiguous  carbon 
atom  previously  united  by  two  affinities  to  that  with  which  the  chlorine  becomes 
asbodated. 

Two  other  methods  of  obtaining  chloro-  and  bromo-  deri- 
vatives of  alcohols  of  the  ethylic  series  remain  to  be  mentioned. 
The  first  consists  in  acting  upon  polyhydric  alcohols  derived  from 
paraffins  with  the  haloid  acids.  Thus  glycol  is  converted  by 
hydrochloric  acid  into  a  monochlorethylic  alcohol : 

CH,(0H).CH2(0H)   -h  HCl  =   CHgCl.CH3(0H)    +   OH^, 

Glycol.  Chlorethjlio  aloohoL 

and  in  a  similar  manner  glycerin  furnishes  a  dichlorisopropylic 
alcohol : 

CH,(OH).CH(OH).CH,(OH)  -1-  2HCI  =  CH,C1.CH(0H).CH,C1  +  2OH,. 
Glycerin.  Dichlorisopropylic  alcohol. 

The  chlorinated  alcohols  so  produced  are  usually  termed  chlor- 
hydrinSf  and  the  corresponding  bromo-derivatives  bromkydrins ; 
since  the  halogen  and  OH  are  associated  with  different  carbon 
atoms  :  they  are  stable  compounds. 

The  second  method  consists  in  combining  allylic  alcohol  with 
halogens.  Thus,  when  combined  with  chlorine  it  forms  a 
dichloropropylic  alcohol : 

CH23:CH.CH2(0H)   +  C\  =  CH2a.CHCl.CH2(OH). 

Ailjlio  alcohol.  Dichloropropylic  aloohoL 
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§  II.  MoNOHTDRic  Alcohols  of  the  Cj^Hsn^^pH  or  Allylic 

Series. 

Only  three  alcoliols  of  this  series  are  at  present  known  to  ns  : 
AUylic  alcohol,  C3H5.OH,  dimethylallylcarbinol,  C^11^.C{CW^^.0VL, 
and  menthylic  alcohol  or  menthol,  C^qH^^.O!!. 

(1456)  Allylic  Alcohol :  C3H5.OH  or  CH2ZZCH.CHg(0H).— 
This  alcohol  has  only  been  artificially  produced,  but  two  of  its 
derivatives  may  be  obtained  from  natural  sources — viz.,  allylic 
sulphide,  (€3115)28,  which  constitutes  oil  of  garlic,  and  mustard 
oil  or  allylic  isothiocyanate,  C3H5.NCS.  To  procure  the  latter, 
bruised  black  mustard  seed  is  macerated  for  some  hours  with 
water,  and  the  mixture  then  distilled ;  it  is  formed  by  the 
decomposition  of  the  potassic  salt  of  an  acid  termed  myronic 
acid  under  the  influence  of  a  ferment  present  in  the  seed,  the 
potassic  myronate  being  resolved  into  allylic  isothiocyanate> 
dextroglucose  and  hydric  potassic  sulphate : 

C,oH,3KNS,0,o  =  C3H3.NCS   +  C,U,p,  +  KHSO,. 

Allylic  alcohol  is  produced  when  acrolein  or  acrylic  aldehyde, 
CgH^O,  is  submitted  to  the  action  of  zinc  and  hydrochloric  acid 
(Linnemann;  Claus,  Deut  chem,  Ges.  Ber.,  iii.  404).  It  may  be 
obtained  from  the  allylic  iodide  from  glycerin,  which  for  this 
purpose  is  converted  into  allylic  oxalate  by  treatment  with 
argentic  oxalate,  and  the  oxalate  so  produced  decomposed  by 
ammonia  gas : 

COOC3H,  CO.NH, 

I  +   aNHg  =    I  +  aCjH.OH. 

COOC3H5  CO.NH, 

Alljlie  oxalate.  Oxamide.  Allylio  i 


Allylic  alcohol  is  now  always  prepared,  however,  according  to 
Tollens  and  Henninger's  method,  by  heating  glycerin  with 
oxalic  acid  {Ann.  Chem,  Pharm.,  clvi.  134).  In  this  process,  the 
oxalic  acid  is  decomposed  on  heating  into  carbonic  anhydride 
and  formic  acid:  U^Cfi^^CO^-^U.COOH ;  the  latter  entering 
into  reaction  with  the  glycerin,  produces  an  acid  glyceric  for- 
mate or  monoformin,  which  on  distillation  is  resolved  into 
allylic  alcohol,  water  and  carbonic  anhydride : 
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CH,.OH  CH,.OH 

CH.OH  +  HCO.OH   =  CH.OH  +  OH,. 

CH,.OH  CHg.O(HCO) 

Oljoerin.  Monoformiii. 

CH,(OH).CH(OH).CH,(O.HCO)   =  CH,(OH).CHz:CH,   +   CO,   +   OH,. 

Glyceric  monoformate.  Allylic  alcohol 

The  mixture  of  4  pts.  of  glycerin  and  i  pt.  of  oxalic  acid  is  heated  in  a 
retort  provided  with  a  thermometer  and  connected  with  a  condenser,  the  receiver 
being  changed  when  the  temperature  rises  to  195°  (383"  P.),  and  the  distilla- 
tion continued  from  that  point  to  260°  (500°  F).  The  presence  of  an  alkaline- 
metal  salt  in  the  oxalic  acid,  unless  of  a  stronger  acid,  greatly  interferes  with  the 
production  of  the  alcohol,  and  appears  to  promote  in  a  remarkable  manner  the 
decomposition  of  the  formic  acid  into  carbonic  oxide  and  water ;  therefore,  when 
commercial  oxalic  acid  is  employed,  about  half  a  per  cent,  of  sodic  chloride 
and  a  quarter  to  one-half  a  per  cent,  of  ammonie  chloride  is  added.  If 
after  heating  to  260°  (500°  F.)  the  liquid  has  still  an  alkaline  reaction,  too 
little,  but  if  the  glycerin  darkens  much  on  heating,  too  much  ammonie  chloride 
is  present.  If  the  operation  be  successful  a  peculiar,  somewhat  irritating,  but 
highly  characteristic  odour  is  developed,  and  oily  streaks  appear  in  the  neck  of 
the  retort ;  if  these  indications  are  not  observed  when  the  temperature  has  risei. 
to  215° — 220**  (419** — 428®  F.)  a  small  quantity  of  ammonie  chloride  is  added. 
The  distillate  is  a  mixture  of  allylic  alcohol  with  water  and  some  allylic  formate, 
glycerin  and  glyceric  allylic  ether,  sometimes  with  much  acrolein.  The  excess 
of  glycerin  remaining  in  the  retort  serves  to  convert  fresh  quantities  of  oxalic 
acid.  To  obtain  the  alcohol  the  distillate  is  rectified  until  oily  drops  no  longer 
separate  on  the  addition  of  potassic  carbonate  to  the  liquid  which  passes  over ; 
this  is  usually  the  case  when  the  thermometer  registers  about  105°  (221°  F.). 
The  crude  alcohol  is  separated  from  this  distillate  by  the  addition  of  potassic 
carbonate,  it  is  then  dried  over  potassic  carbonate,  allowed  to  stand  for  24  hours 
in  contact  with  5  to  10  per  cent,  of  pulverized  potassic  hydrate,  rectified  and 
freed  from  the  last  traces  of  water  by  digestion  with  anhydrous  baryta.  In  this 
manner  an  amount  of  allylic  alcohol  may  be  obtained  equal  to  about  20  per 
cent  of  the  weight  of  the  oxalic  acid  empbyed. 

Allylic  alcohol  is  a  colourless  liquid  of  sharp  irritating  odour, 
miscible  in  all  proportions  with  water;  it  boils  at  96° — 97° 
(204°  8— 2o6°-6  F.),  and  at  0°  (32°  P.)  has  the  specific  gravity 
'8709.  When  cooled  to  —  50°  (  -  58°  F.)  it  solidifies.  It  is  con- 
verted by  nascent  hydrogen  into  propylic  alcohol,  but  the  con- 
version is  only  imperfectly  effected  by  the  employment  of  either 
sodium  amalgam  and  water,  or  zinc  and  hydrochloric  or  sulphuric 
acid ;  the  tendency  to  combine  with  hydrogen  appears,  however, 
to  be  far  greater  in  acid  than  alkaline  solutions  (Linoemanii, 
Deut.  chem.  Ges,  Ber.,  vii.  854).  When  allylic  alcohol  is  heated 
with  solid  potassic  hydrate  it  also  furnishes  propylic  alcohol,  but 
the  reaction  is  complicated  by  the  occurrence  of  secondary 
reactions,  as  besides  oily  substances,  ethylic  alcohol,  formic  acid, 
and  probably   propionic    acid,   are  produced.     The  mixMre  of i 
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equal  weights  of  the  two  substances^  placed  in  a  flask  attached  to 
a  condenser^  is  heated  in  an  oil  bath :  the  reaction  commences 
at  about  ioo°  (aia°  F.),  and  by  the  time  that  the  temperature  of 
the  bath  has  been  carefully  raised  to  155°  it  is  almost  complete 
(ToUens,  Ann.  Chem,  Pharm.,  clix.  92).  In  the  purification  of 
the  crude  alcohol  from  glycerin,  it  is  on  this  account  neces- 
sary to  avoid  heating  with  potassic  hydrate.  On  adding  allylic 
alcohol  to  an  oxidizing  mixture  of  dilute  sulphuric  acid  and 
potassic  dichromate,  a  powerful  odour  of  acrolein  is  developed 
and  cai'bonic  anhydride  escapes,  but  on  afterwards  distilling  the 
liquid  only  formic  acid  is  obtained ;  with  nitric  acid,  formic  and 
oxalic  acids  are  produced. 

Allylic  alcohol  readily  exchanges  OH  for  CI,  Br  or  I  when 
submitted  to  the  action  of  the  haloid  acids  and  haloid  phosphorus 
compounds,  and  it  reacts  with  sulphuric  acid  to  form  hydric 
allylic  sulphate,  CjHg.HSO^;  sodium  dissolves  in  it  with  evolu- 
tion of  hydrogen,  producing  sodic  allylate,  CgHg.ONa.  Allylic 
alcohol  in  this  respect  resembles  the  alcohols  of  the  ethylic  series, 
but  it  differs  from  them  by  combining  directly  with  chlorine, 
bromine,  cyanogen,  &c.,  forming  the  .compounds  CjHgClg.OH, 
C3H6Br2.0H  and  C3H5(CN)2.0H.  The  alcohol  is  readily  repro- 
duced  from  its  compounds  with  the  halogens  by  the  action  of 
nascent  hydrogen,  but  it  then  contains  traces  of  propylic  alcohol 
(Linnemann,  loc,  cit,).  The  compound  with  bromine  yields  du 
bromopropionic  acid,  CgHjBrg.COOH,  on  oxidation  with  nitric  acid. 

The  constitution  of  allylic  alcohol  has  recently  been  the  subject 
of  much  discussion,  with  the  result,  however,  that  chemists 
generally  now  regard  the  formula  CH2ZlCH.CH3(OH)  as  the 
only  one  by  which  its  reactions  can  be  satisfactorily  expressed. 
The  alternative  formula  CHg.CHlZ CH(OH)  would  require  the 
formation  of  acetic  acid  on  oxidation ;  moreover,  the  supposition 
of  the  existence  of  the  CH3  group  in  allylic  alcohol  is  altogether 
irreconcilable  with  the  facts  that  allylic  bromide  combines  with 
bromine  to  form  a  tribromopropane  identical  with  the  so-called 
tribrorahydrin  from  glycerin,  and  that  when  allylic  bromide  is 
combined  with  hydrobromic  acid  it  furnishes  a  dibromopropaue 
(p.  160),  which  is  not  identical  with  ordinary  propylene  bromide, 
CHg.CHBr.CHgBr,  but  has  a  higher  bbiling  point  (comp.  Wis- 
licenus,  Ann,  Chem,  Pharm.,  clxvi.  45  ;  Tollens,  ibid.,  clxvii.  257). 

(1457)  Allyldimethylcarhinol :  C,Hj.C(CH,)j.OH,  is  produced  by  the 
action  of  zinc  oq  a  mixture  of  allvlic  iodide  and  dimetbylketone,  and  Bubee- 
quently  treating  the  product  with  water;  it  boils  at  119"  (246°*2  F.)  (Saytzeff, 
Deut,  chem,  Ges.  Ber,,  ix.  33). 
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(1458)  Menihylic  Alcohol  or  Menthol :  C^^H^^.OH, — This  substance  is 
deposited  in  orystalfr  when  essential  oil  of  peppermint  is  cooled  to  a  low  tempera- 
ture; it  is  now  imported  in  large  quantities  from  Japan.  The  Japanese 
camphor,  according  to  Beckett  and  Wright  {Joitm.  Chem.  80c,,  zxix.  i), 
separates  from  alcohol  as  an  oil  which  crystal lizes  on  exposure  to  air;  the 
crystals  melt  at  42°  (io7***6  F.)  and  boil  at  212°  (4I3°'6  P.) 

Menthol  is  but  slightly  soluble  in  water,  but  imparts  to  it  a  strong  fragrant 
aromatic  smell  and  taste ;  it  is  very  soluble  in  alcohol,  ether,  and  oils,  but  in- 
soluble in  aqueoua  alkalies.  It  crystallizes  from  an  alcoholic  solution  of  sodio 
hydrate  in  long  needles.  It  is  converted  into  the  compound  C^^H^Cl  or  men- 
thylic  chloride  when  heated  for  a  considerable  time  with  a  concentrated  solution 
of  hydrochloric  acid,  or  by  phosphoric  pentachloride ;  corresponding  bromine 
and  iodine  compounds  are  formed  by  the  action  of  the  bromide  and  iodide  of 
phosphorus.  Sodium  acts  very  energetically  upon  menthol,  with  evolution  of 
hydrogen.  When  distilled  with  zincic  chloride  it  yields  menthene,  C^^H^,  (1258). 

§  III.  MoNOHYDRic  Alcohols  of  thb  C^Han.j.OH  and 
CnHjta^fi.OH  Series. 

(1459)  The  lowest  term  of  the  CnHga.j.OH  series  is  propar- 
gylic  alcohol,  C3H3.OH.  Probably  some  of  the  oxidized  oils  of 
the  composition  C^QH^gO  which  accompany  terpenes  in  the 
essential  oils  of  various  plants  are  members  of  this  series — ^viz., 
bodies  such  as  citronellol  from*  the  essential  oil  of  citronella 
{Andropogon  Schoenanthus),  absinthol  from  oil  of  wormwood,  and 
cajepuiol  from  oil  of  cajeput.  At  present^  however,  we  are 
almost  entirely  unacquainted  with  the  properties  of  these  bodies. 

Similarly,  myristicol,  C^QH^gO,  from  oil  of  nutmeg,  is  probably 
an  alcohol  of  the  CnH2n_6.0H  series,  since  it  exchanges  OH  for 
CI  when  submitted  to  the  action  of  phosphoric  pentachloride 
(Wright,  Chem.  Soc.  Journ.,  xxvi.  687). 

(1460)  Propargylic  Alcohol :  CgHg.OHor  CH=C.CH2(0H). 
— ^To  prepare  this  alcohol,  bromallylic  acetate  (p.  206)  is  saponi- 
fied by  treatment  with  solid  potassic  hydrate  at  ordinary  tempe- 
ratures, or  by  distillation  from  pieces  of  sodic  hydrate ;  it  is  thus 
converted  into  bromallylic  alcohol : 

CH,Z:CBr.CH,{C,H,0,)    +   KHO   =  CH— CBr.OH,(OH)   +    KC,H,0„ 

Bromallylio  acetate.  Bromalfylic  alcohol. 

which  is  a  colourless  mobile  liquid  of  pleasant  odour,  boiling  at 
155®  (311°  F.)  (Henry,  Lent,  chem.  Ges.  Ber.,  v.  453).  When 
heated  with  the  necessary  quantity  of  potassic  hydrate  and  a 
small  quantity  of  water  it  is  converted  into  propargylic  alcohol : 

CH— CBr.CH,(OH)   +    KHO  =   CH=C.CH,(OH)   +   KBr   +   OH,. 

BroxnallyUc  alcohoL  Propargylic  alcohol. 

Propargylic  alcohol  is  a  colourless  mobile  liquid  of  pleasant  j 
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odour,  soluble  in  water;  it  boils  at  114° — 115®  (237^*2 — 239°?.), 
and  at  21°  (69°'8  F.)  Las  the  specific  gravity  '96.  It  exhibits  the 
property  so  characteristic  of  many  of  the  hydrocarbons  of  the 
acetylene  series  of  forming  metallic  derivatives-  Thus,  when  it 
is  added  to  an  ammoniacal  solution  of  cuprous  chloride  a  canary- 
yellow  coloured  precipitate  of  the  composition  (C3H2.0H)2Cu2 
is  thrown  down,  and  a  white  precipitate  of  the  composition 
CgHgAg.OH  is  produced  when  it  is  added  to  an  ammoniacal 
solution  of  argentic  nitrate;  these  substances  bum  explosively 
when  ignited.  When  the  alcohol  is  heated  with  potassic  hydrate 
it  readily  furnishes  acetylene,  hydrogen,  and   potassic  formate : 

CH=C.CH2(0H)   +  KHO  =  HC  =  CH   +   H^  -h  H.COOK. 

Propargylic  alcohol  combines  readily  with  bromine  and  with  the 
haloid  acids,  so  that  its  haloid  derivatives  cannot  be  produced  by 
the  action  of  the  latter  on  the  alcohol ;  they  are  obtained,  how- 
ever, by  acting  upon  it  with  the  haloid  phosphorus  compounds. 
Propargylic  chloride  or  monochlorallylene,  CH  =  C.CHgCl,  is  a 
very  mobile  liquid,  of  extremely  pleasant  odour,  insoluble  in 
water;  it  boils  at  65°  (149®  F.),  and  at  f  (41®  F.)  has  the 
specific  gravity  i'0454.  The  bromide,  CH^zCCH^Br,  boils  at 
88°— 90°  (i90°-4— 194''  F.),  and  at  11®  (5i°-8)  has  the  specific 
gravity  1*59 ;  it  combines  with  bromine,  forming  the  compounds 
CHBrZI CBr.CHgBr  and  CHBrg.CBr^j.CHjjBr,  which  cannot  be 
distilled.  The  iodide,  CHEEC.CHgl,  is  a  white  crystalline  sub- 
stance, which  melts  at  about  49^  (120®  2  F.),  but  cannot  be  dis- 
tilled (Henry,  ibid.,  v.  570;  vii.  761  ;  viii.  398), 

( 1 46 1 )  Diallylmethylcarhinol :  CHj.C(CgHg),.OH,  is  prodnced  by  the  action 
of  zinc  on  a  mixture  of  ulljlic  iodide  and  ethylic  acetate,  and  treating  the  product 
with  water;  it  boils  at  157"  (3I4®'6  F.)  (Saytzeff,  ibid.,  ix.  34). 


§  IV.  MoNOHYDRic  Alcohols  of  the  CJ1^_j.0M  Series. 

These  alcohols  bear  the  same  relation  to  the  hydrocarbons  of 
the  benzene  series  that  the  monohydric  alcohols  of  the  ethylic 
series  bear  to  the  paraffins.  But  the  series  includes  two  groups 
possessing  very  dissimilar  properties :  the  so-called  phenols  or 
alcohols  derived  from  hydrocarbons  of  the  benzene  series  by  the 
displacement  of  an  atom  of  hydrogen  in  the  C^  group  by  the 
group  OH  ;  and  the  compounds,  which  for  want  of  a  better 
name  may  be  called  alcohols  of  the  benzylic  series,  formed  by  the 
displacement   of  hydrogen  in  the   so-called    side-chain    of  the 
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hydrocarbon.     The  two  classes  of  alcohols  are  represented  by  the 
following  general  formulse : 


Rjdroearbon 
ofbenieneseriet. 


Phenol. 


Aloohol  of  ben^lic  Beriea. 


Each  of  these  groups  of  metameric  compounds  may  include 
numerous  isomerides.  Like  the  hydrocarbons  from  which  they 
are  derived,  these  alcohols  exhibit  the  behaviour  of  saturated 
compounds,  but  to  a  far  more  pronounced  extent,  as,  so  far  as 
we  are  at  present  aware,  they  do  not  under  any  circumstances 
furnish  stable  additive  compounds.  In  their  general  behaviour 
the  alcohols  of  the  benzylic  series  very  closely  resemble  the 
alcohols  of  the  ethylic  series,  but  the  phenols  possess  totally  dis- 
tinct properties. 

{1462)  The  following  monohydric  alcohols  derived  from  hydro- 
carbons of  the  benzene  series  are  known  : 


C.H.0 


C.H„0 


C,H..OH 


B.P.»C. 
182° 


■I 

:) 


C,H,.CH,(OH) 
CH,.C.H,.OH 

CH,.0,H,.CH,(OH) 
C.H,.CH,.CH,(OH) 


Phenol  or  Ozjbenzene      .... 

f  Benzjlic  aleohol  or  Phenylcarbinol  . 

4 '  H  O    J  ^*""^^^8<*^  or  Paroxjmethylbenzene . 

»    •        J  Metacresol  or  Metoxymethylbenzene 

VOrthocresol  or  Orthoxymethylbenzene 

Paratolylic  alcohol  or  Tolylcarbinol 
Primary  phenylethylic  alcohol  .  . 
Secondary  phenylethylic  alcohol  or  Methyl 

phenylcarbinol CH,.CH(C.HJ.OH 

Metaxenol  or  Oxymetadimethylbenzene      .  1   .^^  \  ri  xr  qtt 
Xenol  (liquid)  (?)  Oxyparadimethylbenzene  j  *       ■  **  •    ** 
Ethylphenol  (solid)  (?)  Paroxyethylbenzene  ] 
Ethylphenol(liquid)(?)Orthoxyethylbenzene  V  C,H,.C.H,.OH 
\  Phlorol  Oxyethylbenzene ) 

/  Primary  phenylpropylic  alcohol  .     .     .     .  C,H^.CH,.CH,.CHg(OH)  235° 
r  H  0  J  Secondary  phenylpropylic  alcohol  or  Ethyl- 

•    "     \      phenylcarbinol C,H,.CH(C,H,).OH 

^Mesitol  or  Oxymeaitylene (CH,),C,H^.OH 

(Cuminylio  alcohol C,H,.C.H,.CH,(OH) 
Secondary  phenylbatylic  alcohol  or  Propyl- 
phenylcarbinol C,H,.CH(C.H,).OH 
Thymol  or  a-Oxyparamethylpropylbenzene    \r^xj  /OR^  i  ^'^s 
CarvacrolorjS-Oxypararaethylpropylbenzene)     •    '^       '  I  C,H, 

C„H,^0     Sycocerylic  alcohol C^H^.OH 


207" 
198" 
200^ 
186° 

217° 

212** 

203° 

212^ 
214^ 
212** 
220' 


210 

? 

243" 


230° 
233° 


•  The  value  of  m  may  be  o,  and  cannot  exceed  6  j  where  there  are  several 
CaHjn  ^  J  groups  in  the  hydrocarbon  ?i  may  have  the  same  or  a  different  value 
in  each. 


Digitized  by  VjOOQ IC 


470  ALCOHOLS   OP    THE    Cj^H2n_7.0H    SERIES.  [1463- 

(1463)  Methods  of  Preparing  Phenols. — ^The  phenols  cannot 
be  obtained  from  the  mono-haloid  derivatives  of  the  hydrocar- 
bons of  the  benzene  series  in  which  the  halogen  is  associated 
with  the  Cg  group,  potassic  hydrate,  argentic  acetate,  &c.,  being 
entirely  without  action  on  these  compounds ;  but  they  are  pre- 
pared by  a  method  which  in  principle  is  the  same  as  that  by 
which  the  alcohols  of  the  ethylic  series  are  formed  from  the 
paraflSns.  This  consists  in  converting  the  hydrocarbon  by  the 
action  of  concentrated  sulphuric  acid  into  a  mono-sulphonic  acid, 
and  carefully  fusing  the  potassic  salt  of  this  acid  with  about 
twice  its  weight  of  potassic  hydrate ;  thus  : 

C,H,     +     HjSO,     =     C.Hj.SOgH     +     OH,. 

Benzene.  Benzeneflulphonic  Mid. 

C^H^.SOjK  +  KHO    =     CjHj.OH     +     K^SO,. 

Potassic  benzenesolphonate.  Phenol. 

The  operation  is  one  requiring  great  care,  and  the  amount  of  phenol  produced 
is  always  much  below  the  theoretical  quantity.  The  fusion  should  be  conducted 
at  as  low  a  temperature  as  possible  in  a  silver  or  iron  dish,  and  the  mass  con- 
stantly stirred  in  order  to  avoid  secondary  reactions  ^  tlie  heating  is  continued 
until  it  is  ascertained,  by  taking  out  small  portions  from  time  to  time  and  adding 
acid,  that  the  amount  of  phenol  formed  does  not  increase.  The  phenols  are 
obtained  by  dissolving  the  fused  mass  in  water  and  supersaturating  the  solution 
with  hydrochloric  or  sulphuric  acid ;  the  oil  which  rises  to  the  surface  may  easily 
be  separated,  bat  as  most  of  the  phenols  are  soluble  to  some  extent  in  water, 
the  solution  should  be  agitated  with  ether  to  extract  the  dissolved  phenoL  In 
order  to  free  the  crude  phenol  from  the  acids  with  which  it  is  frequently  con- 
taminated, and  which  are  produced  by  the  oxidizing  action  of  the  potassic 
hydrate,  it  is  shaken  with  a  saturated  solution  of  ammonic  carbonate,  by  which 
the  acids  are  dissolved.  It  is  then  oflen  advisable  to  distil  the  phenol  in  a 
current  of  steam  before  it  is  finally  purified  by  distillation  alone.  On  account 
of  their  high  boiling  points  the  phenols  can  usually  be  dehydrated  by  simple 
distillation  ;  it  is  seldom  desirable  to  employ  desiccating  agents,  but  exposure  over 
sulphuric  acid  in  vacuo  may  be  advantageously  resorted  to  in  some  instaooes 
as  a  means  of  removing  the  water. 

The  second  general  method  of  preparing  phenols  is  similar 
in  principle  to  that  by  which  the  alcohols  of  the  ethylic  series 
are  prepared  from  the  corresponding  amines.  The  hydrocarbon 
of  the  benzene  series  corresponding  to  the  phenol  required  is 
converted  by  the  action  of  concentrated  nitric  acid  into  the 
mononitro-derivative,  which  is  then  reduced  by  tin  and  hydro- 
-chloric  acid,  or  some  other  suitable  reducing  agent,  to  the  amido- 
derivative  or  amine ;  a  salt,  usually  the  nitrate,  of  this  amine 
is  then  submitted  to  the  action  of  nitrous  acid,  being  for  this 
purpose  either  suspended  or  dissolved  in  anhydrous  alcohol ;  the 
xliazo-nitrate  thus  produced  is  converted  by  treatment  with  sul- 
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pharic  acid  into  the  corresponding  sulphate,  and   finally  this  salt 
is  decomposed  hy  heating  with  water.     For  example  : 


C,H,     +     ] 

HNOj     = 

C,H,.NO, 

+ 

H,0. 

BttDxene. 

NttrobenteQA. 

C,Hj.NO,  + 

3H,     = 

C,H,.1JH, 

+ 

aHgO. 

AmidobeBsene. 

C.H,.NH,(N03) 

+   HNO, 

=  C,H,.N,(NO,) 

+   aOHg. 

Amidobezuene  nitrate. 

I>i..cobensene  altrate. 

C.H,.N,(HSO,) 

+    OH, 

=  CeHg.OH 

+   N3  +  HgSO,. 

DUuobenzene  falphate. 

Phenol. 

A  third  method  of  obtaining  phenols  is  by  distilling  oxy- 
acids  such  as  salicylic  acid,  CgH^(OH).COOH,  and  oxyuvitic  acid, 
CH3.CgHj(0H)(C00H)j,  with  lime  or  baryta,  and  thereby  ab- 
stracting the  elements  of  one  or  more  molecules  of  carbonic 
anhydride. 

(1464)  Methods  of  Preparing  Alcohols  of  the  Benzylic  Series, 
— There  are  three  methods  of  general  application,  which  are 
precisely  analogous  to  those  by  which  alcohols  of  the  ethylic 
series  are  prepared :  i.  The  monohaloid  derivatives  of  the 
hydrocarbons  of  the  benzene  series  prepared  by  the  action  of  the 
halogens  on  the  heated  hydrocarbons,  that  is  to  say,  those  which 
contain  the  halogen  in  the  side-chain,  are  converted  by  treatment 
with  potassic  acetate  into  the  corresponding  acetate,  which  is 
then  saponified ;  thus : 

CeHj.CHgCl  +   KCgHjOg   =  C^ll,.CI[^(C^Ufi^   +   KCl. 

Benzjllc  chloride.  Benzylic  acetate. 

C,Hj.CH,(CjH,OJ  +  KHO  =  C,H,.CH,(OH)  +  KCjHjO,. 

Benzylic  acetate.  Benzylic  alcohol. 

2.  The  aldehydes  of  the  benzoic  series  are  heated  with  an  alco- 
holic solution  of  potassic  hydrate ;  a  portion  of  the  aldehyde  is 
thus  converted  into  the  corresponding  acid  of  the  benzoic  series, 
and  the  hydrogen  which  this  transformation  furnishes,  converts 
another  portion  of  the  aldehyde  into  the  alcohol.  In  this 
manner  only  primary  alcohols  are  formed.    For  example  : 

C.Hj.COH   +  KHO  =  C.Hg.COOK  +  H,. 

Benzoic  aldehyde.  Potaeeio  benzoate. 

C,H,.COH  +   H,  =  C,H,.CHsj(OH). 

Benzoic  aldehyde.  Benzylic  alcohol. 

3.  Lastly,  secondary  alcohols  of  the  benzylic  series  are  pro- 
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duced  by  the  action  of  nascent  hydrogen  on  the  ketones  of  the 
form  C>,Hj„_7.C0.C„Hg„+i ;  thus:* 

C,H^_7.C0.C„H^^i   +  H,  =  C„H,„_,.CH(OH).C„Ha,+i. 
C.Hj.CO.CHj  +  H,  =  C,H5.CH(0H).CHj. 

Metbylphenjflketone.  MethylphrajloarbinoL 

(1465)  General  Properties  of  the  Phenols  and  Alcohols  of  the 
Benzylic  Series. — i.  The  haloid  acids  are  without  action  upon 
the  phenols^  but  readily  convert  the  alcohols  of  the  benzylic  series 
,4Dto  the  corresponding  haloid  hydrocarbon  derivatives  : 

CgH6.CH8(OH)    +   HCl  =  C,H6.CH2C1   +   OH^. 

BeDzjrlic  aloohoL  Benzylic  chloride. 

The  corresponding  haloid  derivatives  may  be  obtained  from  the 
phenols,  however,  by  the  action  of  phosphoric  pentachloride  or 
pentabromide  : 

C.Hg.OH   +   PCTg  =  C^HgCl   +  POCI3  +   HCL 

Phenol.  Chlorobenzene. 

The  phosphoric  oxychloride  thus  produced  at  once  acts  upon 
another  portion  of  the  phenol  forming  the  corresponding  phos- 
phate : 

POCl,  +  3C,H,.0H  =  PO(OC2H5),   +  3HCI. 

Phenol.  Phenjlic  phosphate. 

a.  The  phenols  readily  dissolve  in,  and  enter  into  reaction 
with,  concentrated  sulphuric  acid,  forming  sulphonic  acids,  but  the 
alcohols  of  the  benzylic  series  are  resinified  by  treatment  with 
the  concentrated  acid : 

C^Hg.OH  +  HgSO,  =  C,H,(0H).S03H  +  OH3. 

Phenol.  Phenolsnlphonic  add. 

3.  On  oxidation,  the  alcohols  of  the  benzylic  series  behave 
precisely  as  the  alcohols  of  the  ethylic  series,  the  CH3.OH  group 
of  the  primary  alcohols  being  oxidized  to  COOH,  and  the  CH.OH 
group  of  the  secondary  alcohols  to  CO ;  but  it  is  necessary  to 
effect  the  oxidation  with  extreme  care,  as  the  entire  side-chain 
is  liable  to  undergo  oxidation  in  the  manner  characteristic  of  the 
hydrocarbons  of  the  benzene  series.  The  phenols  behave  in  an 
entirely  different  manner,  and  mostly  furnish  quinones ;  probably, 
however,  the  first  product  of  oxidation  is  a  hydroquinone  or 
dihydric  alcohol  of  the  CJl2Ti^^i!^^)%  series,  which  on  further 
oxidation  is  converted  into  the  quinone,  thus : 
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C,H,.OH   +  (0+OH^  =  C,H^(OH),   +  OH, 

PhenoL  Hjdroqtiinone. 

C,H^(OH),  +  (d+OHj)  =    C,H,0,  +   aOH,. 

Qainone. 

Since  the  hydroquinones  are  formed  by  the  displacement  of  an 
atom  of  hydrogen  in  the  phenol  which  occupies  the  para-position 
relatively  to  the  OH  group,  only  those  homologues  of  phenol 
furnish  quinones  on  oxidation  in  which  the  para-position  is  not 
occupied  by  a  side-chain ;  the  behaviour  of  phenols  which  do  not 
come  within  this  definition  is  not  known,  but  probably  they  will 
be  found  to  furnish  oxyacids  through  the  oxidation  of  the  side- 
chains  to  COOH.  All  the  homologues  of  phenol  behave  in  this 
manner,  that  is  to  say,  the  side-chains  are  oxidized  to  COOH, 
when  heated  with  fused  potassic  hydrate  ;  thus  the  three  isomeric 
cresols  furnish  the  potassic  salts  of  the  corresponding  oxybenzoic 
acids  when  fused  with  potassic  hydrate : 

C,H^<0H).CH3   +   aKHO  =   CgH,(OK).COOK  +   3H,. 

CreaoL  DipotaMic  lalt  of  oxybenxoic  acid. 

The  ethers  formed  by  displacing  the  hydrogen  in  the  OH  group 
by  methyl  or  ethyl  are  similarly  oxidized  by  the  ordinary  reagents, 
such  as  chromic  acid  and  potassic  permanganate,  and  afford  most 
important  aid  in  the  investigation  of  the  constitution  of  the 
phenols;  for  example,  the  methylic  ethers  derived  from  the 
cresols  are  readily  converted  into  corresponding  methoxybenzoic 
acids  on  oxidation : 

C,H^(OCH3).CH3  +  3{0  +  0Hg)  =  C,H^(OCH3).COOH  +  40H2. 

CremlmeUiyleUier.  Hethozybenzoic  add. 

4.  The  phenols  are  mostly  converted  by  the  action  of  nitric 
acid  into  well  characterized  nitro-derivatives,  thus : 

C.H5.OH   +   HNO3  :=   C^H^(N02).0H   +   OHj; 

PhenoL  NitrophenoL 

but  the  alcohols  of  the  benzylic  series  are  oxidized  by  this  reagent, 
benzylic  alcohol,  CgH5.CH2(0H),  being  converted  into  benzoic 
aldehyde,  C^Hg.COH,  and  ultimately  into  benzoic  acid. 

5.  The  monohydric  alcohols  derived  from  benzene,  like  the 
tlcohols  of  the  ethylic  series,  furnish  metallic  derivatives,  dissolv- 
'og  sodium  and  potassium  with  evolution  of  hydrogen : 

aC^Hg.OH  +   2Na  =   C^Hg.ONa   +   H^. 

PhenoL  Bodiiun  phenoL  ^^  , 
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But  the  phenols  dissolve  readily  even  in  aqueous  solutions  of  the* 
alkaline  hydrates;  moreover  their  metallic  derivatives  are  ex- 
ceedingly stable  as  compared  with  those  of  the  alcohols  of  the 
ethylic  series,  and  may  in  many  instances  be  recovered  from  their 
aqueous  solutions  by  evaporation.  On  account  of  this  beha- 
viour the  phenols  are  often  spoken  of  as  acids,  phenol  itself 
having  long  received  the  name  of  carbolic  acid.  It  is  to  be 
noticed  that  the  acid  properties  of  the  phenols  become  less  pro- 
nounced as  the  series  is  ascended ;.  on  the  other  hand,  the  intro- 
duction of  negative  radicles  such  as  the  halogens  and  (NOg) 
renders  them  more  pronounced.  Thus  the  higher  haloid  and  the 
nitro-derivatives  of  the  phenols  not  only  dissolve  in  aqueous 
solutions  of  the  alkaline  hydrates,  but  they  decompose  the 
metallic  carbonates  with  effervescence  forming  corresponding 
metallic  derivatives. 

One  of  the  most  characteristic  properties  of  the  potassium 
and  sodium  derivatives  (rf  the  phenols  is  their  power  to  enter 
directly  into  combination  with  carbonic  anhydride,  forming  salts 
of  the  corresponding  oxy-acids.  For  example,  when  sodium 
phenol  is  heated  in  an  atmosphere  of  carbonic  anhydride 
disodium  salicylate  is  produced  and  phenol  distils  over : 

aCgH-.ONa   +  CO^  =  CgH,(ONa).COONa   -h  CgH,.OH. 

Sodium  pbe&ol.  Disodiam  BtlicfUte.  Phenol. 

The  reaction,  however,  probably  occurs  in  two  stages,  a.  disodium 
phenol  being  first  produced  from  twa  molecules  of  the  sodium 
phenol : 

CgH5.0Na  +  C.Hj.ONa  =  C,H^Na.ONa  +   C.Hg.OH ; 

Sodium  pbeuoL  Sodium  phenoL  Disodium  phenol..  Phenol. 

which  at  the  moment  of  formation  enters  into,  reaction  with  the 
carbonic  anhydride. 

C^H^Na(ONa)   +  CO^  =  CeH^(ONa).COONa, 

DiBodium  phenol.  Dieodium  BalicyUie. 

6.  When  distilled  over  heated  zinc  dust  the  phenols  are  con- 
verted into  the  corresponding  hydrocarbons  of  the  benzene  series ; 
for  example  : 

CgHj.OH    -f   Zn  =  C^Hg   +  ZnO. 

PhenoL  Benxene. 

7.  Many  of  the  phenols  and  of  their  derivatives  when  mixed 
with  a  solution  of  ferric  chloride  produce  characteristic  colouri^; 
phenol,  for  example^  furnishes  a  violet  solution^ 
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(1466)  Phexol.  Oxybenzene,  Phenylic  Hydrate  or  Carbolic 
Add:  CgHg.OH  =  94. — Phenol  may  be  obtained  by  the 
general  methods  above  described  from  benzene  and  the  oxy- 
benzoic  acid§^  and  it  is  also  formed  in  small  quantity,  together 
with  glyceric  ether  and  other  products,  when  glycerin  is  distilled 
with  calcic  chloride  (Linnemann  and  von  Zotta,  Ann,  Chem, 
Pharm,  Sup.,  viii.  254).  It  appears  also  to  be  produced  when 
glycerin  is  heated  with  other  dehydrating  agents  such  as  zincic 
chloride  and  hydric  potassic  sulphate,  and  by  the  action  of  a 
concentrated  solution  of  potassic  hydrate  on  glyceric  ether, 
(0311^)203.  According  to  Berthelot,  by  heating  acetylene  with 
fuming  sulphuric  acid  it  is  converted  into  acetylenesulphonic 
acid,  CgH.SOjH,  and  on  fusing  the  potassic  salt  of  this  acid  with 
potassic  hydrate  phenol  is  obtained  {Compt,  Rend,,  Ixviii.  539). 
The  chief  source  of  phenol,  however,  is  coal-tar,  from  which  it 
may  be  prepared  in  the  following  manner : 

By  treating  light  coal>tar  naphtha,  or  the  portion  of  coal-tar  oil  boiling  at 
aboat  150* — 200^(302° — 392°  F.),  with  a  solution  of  aodic  hydrate  or  milk  of 
lime,  all  the  acid  substances  present  and  a  not  inconsiderable  quantity  of  naph- 
thalene are  dissolved ;  much  of  the  naphthalene  is  precipitated  on  dilating  with 
water,  and  if  the  solution  be  then  exposed  to  the  air  in  shallow  vessels  for 
several  days  it  turns  dark  brown,  and  certain  impurities  are  thus  removed  by 
oxidation.  The  acid  substances  present  in  this  solution  consist  of  phenol  and 
its  homolognes  and  bodies  of  unknown  composition,  but  phenol  appears  to  possess 
more  pronounced  acid  properties  than  any  of  the  bodies  with  which  it  is  asso- 
ciated ;  hence,  on  adding  insuflScient  acid  to  precipitate  the  whole  of  the  acid  com- 
pounds, chiefly  phenol  remains  in  solution,  so  that  by  the  addition  of  successive 
quantities  of  sulphuric  acid  the  greater  part  of  the  impurities  are  removed,  and 
the  oil  which  finally  separates  on  supersaturating  the  solution  with  acid  is  com- 
paratively pure  phenol.  It  is  further  purified  by  fractional  distillation,  and  the 
I)ortion  which  comes  over  a  few  degrees  below  and  above  182°  (359^*6  F.)  is 
well  cooled ;  it  then  solidifies  to  a  mass  of  crystals,  from  which  the  liquid  portion 
is  removed  by  draining  and  pressing,  or  by  means  of  a  centrifugal  machine.  In 
order  to  separate  phenol  from  its  homologues  advantage  may  also  be  taken  of 
the  property  it  possesses  of  forming  a  crystalline  hydrate  with  water.  In  pre- 
paring pure  phenol,  it  is  necessary  to  repeat  the  solution  in  alkali  and  fractional 
precipitation  before  proceeding  to  rectify  the  oil. 

Phenol  crystallizes  in  long  colourless  needles,  which  melt  at 
about  39°  {io2°-2  R);  it  boils  at  18:1°  (359'''6  F.),  and  at  46^ 
(ii4°-8  F.)  has  the  specific  gravity  1*056.  It  possesses  a  pecu- 
liar characteristic  not  unpleasant  odour.  It  is  moderately 
soluble  in  water,  and  forms  with  it  a  hydrate,  2C^fi,0a^, 
which  crystallizes  in  large  six-sided  prisms ;  it  is  extremely 
soluble  in  alcohol,  ether,  acetic  acid,  carbon  disulphide,  chloro- 
form and  hydrocarbons  of  the  benzene  series.  The  aqueous 
solution  of  phenol  does  not  redden  litmus  ;  it  coagulates 
albumen^  and  on  this  account,  apparently,  it  is  a  most  valuable 
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antiseptic^  preventing  fermentation  and  putrefaction,  and  there- 
fore preserving  animal  substances  from  decomposition.  Phenol 
itself  is  a  powerful  caustic,  and  when  applied  to  the  skin  at  once 
whitens  it ;  many  of  the  haloid  derivatives  of  phenol  exhibit  this 
property  to  a  more  pronounced  extent. 

Phenol  is  an  extremely  stable  body,  and  undergoes  very  little 
decomposition  when  passed  through  a  tube  heated  to  bright  red- 
ness. When  fused  with  an  excess  of  potassic  hydrate  until  the 
mass  assumes  the  consistence  of  a  thick  syrup,  abundance  of 
hydrogen  is  evolved,  and  although  diphenol,  Ci2Hg(OH)3,  together 
with  salicylic  and  oxybenzoic  acids  and  other  substances  of  un- 
known composition  are  produced,  at  least  half  the  phenol 
employed  remains  unaltered,  12, — 15  per  cent,  being  obtained  in 
the  form  of  diphenol,  but  the  amount  of  acids  produced  does  not 
exceed  i  per  cent,  of  the  phenol  decomposed  (Barth,  Ann,  Chem, 
Pharm.,  clvi.  93). 

By  careful  oxidation  with  chromic  acid,  phenol  is  converted 
into  phenoquinone,  Cjgll^^O^  (Wichelhaus,  Deut.  chem.  Ges.  Ber.y 
V.  248;  846).  The  oxidation  probably  takes  place  in  the  manner 
already  pointed  out  (p.  472),  hydroquinone  being  first  pro- 
duced, and  converted  into  phenoquinone  by  the  conjoint  action 
of  phenol  and  the  oxidizing  agent ;  thus  : 

^„    /OH     .     HO.C.H,    ^      /^^raj\         nvt   f  ^-^^fis   ^    .au 
^«"*{0H    •"    HO.CX   +    ^(^  +  OHJ    =   C.H,|^^^«jj*   4.    4OH,. 

Hydroquinone.  Phenol.  Phenoquinone. 

(1467)  NitrO'derivatives  of  Phenol. — Nitric  acid  acts  very 
violently  upon  phenol,  but  by  employing  acids  of  various  degrees 
of  concentration  a  series  of  nitrophenols  may  be  obtained. 
The  first  product  is  a  mixture  of  paranitrophenol  with  the 
isomeric  orthonitrophenol,  CgH4(N02).OH ;  on  further  nitration 
paranitrophenol  is  converted  into  a-  or  paraorthodinitrophenol, 
C^Il^(NO^\.OK,  orthonitrophenol  yielding  the  same  compound, 
together  with  the  isomeric  j3-  or  diorthodinitrophenol.  Both  of 
these  dinitrophenols  furnish  the  same  trinitrophenol  or  picric  acid, 
C^Hj(N0g)3.0H,  on  treatment  with  nitric  acid.  A  metanitrophenol 
is  produced  from  the  metamidonitrobenzene  formed  by  the  partial 
reduction  of  metadinitrobenzene  (p.  324)  by  a  series  of  re- 
actions similar  to  those  by  which  the  phenols  are  prepared  from 
the  amido-derivatives  of  the  hydrocarbons  of  the  benzene  series 
(p.  470) ;  nitric  acid  converts  it  into  a  mixture  of  two  isomeric 
dinitrophenols,  which  are  not  identical  with  those  obtained  from 
ortho-  and  paranitrophenol ;  on  further  nitration  these  furnish  a 
trinitrophenol  isomeric  with  that  directly  produced  from  phenol 
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(Bantlin^  Deut.  chem.  Ges.  Ber.,  viii.  21).       Higher  nitro^eriva- 
tives  of  phenol  are  not  known." 

The  nitrophenols  are  all  crystalline  substances  more  or  less 
yellow  in  colour,  slightly  soluble  in  cold  water,  and  not  soluble 
to  any  great  extent  in  boiling  water ;  they  are  all  readily  soluble 
in  alcohol  and  ether.  Their  properties  are  summarized  in  the 
following  table : 


Name. 

Formola. 

CoDBtitation, 

the  OH  group 

beiDg  in  the 

po«.  I. 

Appeanokoe. 

M.P.'C. 

FaraoitropheDol    .... 
Orthonitrophenol  .... 

\  t  Dmttrophenol    .... 
;  a.  Dinitrophenol    .... 

Trinltrophcnol 

(from  phenol) 
Trixiitropheuol 

(from  meUnitrophenol) 

CeH4(N0,)0H 
*> 

H 

C«II.(NOJ,OH 

H 

If 
»• 

C.H,(NO^gOH 

1:4 

1:3 

I  :  S 

X  :a:4 

x:a:6 
1 :  3  :  (?)  6 

i:3:(?)4 
1:3x4:6 

(P)  I  :  3  :  4  :  6 

White  priami ;  non-rolatUe 

Almost  colourless  prisms; 

noD-yoIatile. 
Pale  yellow   prisms;  Tery 

Tolatile. 
Striated      Tellowish- white 

plates  muted  Id  fern-like 

forms. 
Slender  short   pale  yellow 

needles. 
Slender  short  pale  yellow 

needles;  Tolatile. 
Long     slender     glistening 

needles ;  non-Tolatile. 
Pale  yellow  lamina    .    .    . 

Pale    yellow     transparent 
prims. 

"4" 
960 

45^ 
114« 

64'* 
104" 
141'' 

130'' 
174" 

The  nitrophenols  readily  enter  into  reaction  with  metallic 
carbonates,  and  furnish  a  series  of  magnificently  crystalline 
metallic  derivatives,  all  more  or  less  soluble  in  water;  many  of 
these  derivatives  are  of  great  beauty.  They  vary  in  colour  from 
pale  yellow  to  brilliant  crimson.  The  nitrophenols  and  their 
metallic  derivatives  all  deflagrate  more  or  less  violently  when 
ignited ;  many  of  them,  especially  the  more  highly  nitrated  ones, 
such  as  trinitrophenol  and  its  derivatives,  explode  with  consider- 
able violence. 

(1468)  Nitroaophenol :-  CgH4(N0).0H.— This  compound  is 
the  product  of  the  action  of  nitrous  acid  on  phenol,  but  its  pre- 
paration requires  great  care.  It  crystallizes  in  large  brown 
rhombic  plates,  moderately  soluble  in  water;  it  melts  when 
lieated,  and  at  120°— 130*^  (248°— 266°  P.)  decomposes  with  a 
slight  explosion.  It  is  readily  soluble  in  a  dilute  solution  of 
sodic  hydrate,  and  on  the  addition  of  a  concentrated  solution 
of  the  alkali  sodium  nitrosophenol,  CgH4(N0).0Na,  separates  in 
reddish-brown  needles.  By  reduction  with  tin  and  hydro- 
chloric acid  it  is  converted  into  paramidophenol,  CgH^(NH2).0H. 
On  oxidation  by   nitric  acid,   or    by  an    alkaline    sqlutioni  of 
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potassic  ferricyanide,  it  is  very  readily  converted  into  paranitro- 
phenol. 

(1469)  Amido'  and  Amidonitro'derivatives  of  PhenoL — The  nitrophenols 
are  readily  converted  by  the  action  of  reducing  agentu,  such  as  tin  and  hydro- 
chloric acid,  into  the  corresponding  amidophenols.  At  present  only  the  amido- 
phenols  derived  from  para-  and  orthonitrophenol,  CgH^(NH2).0H,  a-dinitrophenol, 
C,H,(NH,),.OH,  and  the  trinitrophenol  produced  from  phenol,  C,H,(NHJ,.OH, 
have  been  prepared.  They  are  colourless  crystalline  bodies,  but  on  account  of 
the  readiness  with  which  they  undergo  oxidation  it  is  difficult  to  prepare  them 
in  a  pure  state.  They  form  well-crystallized  salts  with  various  acids;  thus 
paramidophenol  combines  with  hydrochloric  acid,  forming  the  hydrochloride, 
CjH^(NH,Cl).OH,  which  crystallizes  in  long  colourless  needles;  similarly, 
diamidophenol  furnishes  the  hydrochloride  CjHj(NH,Cl)j.OH,  and  triamido- 
phenol  the  hydrochloride  C.H^CNH.COj.OH. 

By  the  employment  of  less  energetic  reducing  agents,  such  as  ammonic 
sulphydrate,  the  higher  nitrophenols  may  be  partially  reduced  and  converted  into 
amidonitrophenols;  At  present  only  the  compounds  C,Hj(NOj)(NHj).OH  from 
a-dinitrophenol  and  C.H,(NO,),(NH,).OH  and  C,H,(NO,)(NH,).OH  from  tri- 
nitrophenol have  been  prepared.  By  the  employment  of  an  alcoholic  solution  of 
ammonic  sulphydrate,  amidodinitrophenol  or  picramic  acid  alone  is  formed,  whilst 
with  an  aqueous  solution,  although  the  same  compound  is  first  produced,  it  is 
converted,  by  the  further  action  of  the  aqueous  sulphydrate,  into  diamidonitro- 
phenol.  These  compounds  crystallize  in  deep  yellow  or  reddish-brown  crystals  ; 
they  exhibit  both  basic  and  acid  properties,  combining  with  acids  to  form  Mdts 
such  as  C,H,(NO,)j(NH,Cl).OH,  and  furnishing  metallic  derivatives,  such  as 
C,H3(N0,)(NHj)j.0Ag.  Both  amidodinitro-  and  diamidonitrophenol,  however, 
are  only  monacid  bases,  that  is  to  say,  they  combine  with  only  a  single  molecule 
of  a  monobasic  acid ;  but  diamidonitrophenol  has  far  stronger  basic  properties 
than  amidodinitrophenol,  being  soluble  even  in  very  dilute  solutions  of  the 
mineral  acids  and  forming  stable  salts,  whilst  amidodinitrophenol  dissolves  only  in 
concentrated  acids,  and  is  again  precipitated  on  the  addition  of  water.  On  the 
other  hand,  the  metallic  derivatives  of  diamidonitrophenol  are  far  less  stable  than 
those  of  amidodinitrophenol,  and  undergo  oxidation  when  exposed  to  the  air  in  a 
moist  state. 

When  amidonitrophenol  is  warmed  with  ethylic  nitrite,  the  NH^  group  is 
displaced  by  hydrogen  and  paranitrophenot is  produced,  thus  proving  that  in  the 
formation  of  the  amido-derivative  from  paraorthodinitrophenol  the  NO,  group, 
which  occupies  the  ortho-position,  is  reduced.  Similarly,  amidodinitrophenol  is 
converted  into  a-dinitrophenol  by  treatment  with  ethylic  nitrite,  proving  that  in 
the  reduction  of  trinitrophenol  one  of  the  NO,  groups  in  the  ortho-position  is 
converted  into  the  NH,  group ;  although  it  hsA  not  been  directly  proved,  it  is 
probable  that  the  nitro-group  in  diamidonitrophenol  is  in  the  para-position,  and 
that  in  its  formation  from  trinitrophenol  the  two  NO,  groups  in  the  ortho- 
position  undergo  reduction. 

(1470)  Sulphonic  Adds  derived  from  Phenol. — Phenol  readily 
dissolves  in  concentrated  sulphuric  acid^  a  considerable  amount 
of  heat  being  developed.  The  product  is  a  mixture  of  the  isomeric 
'  phenolorthO'  and  phenolparamlphonic  acid,  CgH^(0H).S03H. 
When  the  phenol  and  acid  are  slowly  mixed,  and  the  mixfure 
prevented  from  becoming  hot,  the  product  chiefly  consists  of  the 
former,  but  much  phenol  remains  unattacked.     By  heating  for 
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•some  time  to  about  ioo°  (212°  P.)  the  conversion  into  sulpho- 
acids  may  be  rendered  almost  perfect,  even  when  little  more  than 
the  theoretical  quantity  of  acid  is  employed,  but  the  orthosulpho- 
acid  then  in  great  part  undergoes  conversion  into  the  isomeric 
para-acid,  although,  apparently,  however  long  the  heating  be 
^^ontinued,  the  product  always  contains  a  small  amount  of  the 
phenolorthosulphonic  acid. 

Phenolmetasuiphonic  acid  cannot  be  directly  produced  from 
phenol,  but  it  is  obtained  by  displacing  the  NHg  group  in  met- 
amidobenzenesulphonic  acid  by  OH  by  Griess^s  method  (p.  471), 
And  as  potassic  salt  by  fusing  potassic  benzenemetadisulphonate 
with  potassic  hydrate  (Barth  and  Senhofer,  Deut.  chem.  Ges.  Ber., 
ix.  969): 

C,H^(S03K),  +  KHO  =  C,H,(0H).S08K   +  K^SOg. 

Potasnc  benzeneroeUdi-  Potamic  phenolmeta- 

sulphoaate.  solphonate. 

By  digesting  phenol  with  a  considerable  excess  of  a  mixture 
of  ordinary  and  Nordhausen  sulphuric  acid  at  about  100°  (212°  F.) 
it  is  converted  into  phenoldisulphonic  add,  C^H3(OH)(S03H)2. 
Lastly,  by  heating  phenol  with  a  mixture  of  concentrated  sul- 
phuric acid  and  phosphoric  anhydride  in  sealed  tubes  to  about 
iSo'^  (356°  F.),  a  phenoUrimlphonic  add,  C^H2(OH)(S03H)3,  is 
produced. 

By  heating  these  sulpho-acids  or  their  salts  with  hydro- 
chloric or  dilute  sulphuric  acid  in  closed  vessels,  they  are  all 
completely  decomposed  with  more  or  less  readiness,  phenol  being 
reproduced,  thus: 

C,H/,0H).S03K   -h  OH,  =   C.Hg.OH    -h  KHSO,. 

The  sulpho-acids  derived  from  the  homologues  of  phenol  and  the 
haloid  sulpho-acids  of  the  phenols  behave  similarly.  The  decom- 
position takes  place  at  temperatures  varying  from  100® — 200° 
(212° — 392°  F.),  according  to  the  nature  of  the  compound  and 
the  strength  of  the  acid  employed ;  concentrated  hydrochloric 
acid  is  to  be  preferred.  The  salts  of  the  phenolsulphonic  acids 
usually  crystallize  well,  and  are  therefore  readily  purified,  and 
the  isomeric  and  homologous  sulpho-salts  may,  in  most  cases,  be 
separated  without  any  great  diflSculty  by  fractional  crystallization, 
whereas  the  homologous  and  isomeric  phenols  and  haloid  phenol 
derivatives  are  usually  extremely  difficult  to  separate.  This  reaction 
therefore  is  of  considerable  practical  value,  as  it  often  affords  a 
means  of  separating  isomeric  and  homologous  phenols  or  their 
derivatives,  and  of  obtaining  them  in  a  pure  state ;  the  mixed 
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product  being  converted  into  sulpho- acids,  the  salts  of  the  sulpho- 
acids  separated  by  appropriate  means,  and  then  decomposed  by 
heating  with  hydrochloric  acid. 

( 1 47 1 )  Haloid  Derivatives  of  Phenol, — Chlorine  and  bromine  act 
very  readily  upon  phenol,  much  heat  being  developed;  iodo- 
phenols  are  obtained  by  the  action  of  iodine  on  phenol  in  presence 
of  mercuric  oxide  or  iodic  acid.  Haloid  derivatives  of  phenol 
may  also  be  prepared  by  Griess's  method  from  the  haloid  amidx)- 
derivatives  of  benzene  in  the  same  manner  thdt  phenol  itself  is 
produced  from  amidobenzene  or  aniline. 

Chloroplienols, — The  first  product  of  the  action  of  chlorine  on 
phenol  is  a  mixture  of  para-  and  orihochlorophenol,  CgH^Cl.OH, 
which  may  be  separated  by  repeated  fractional  distillation ;  the 
isomeric  metachlorophenol  has  not  been  directly  produced  fix)m 
phenol,  but  it  may  be  obtained  from  metachloramidobenzene  or 
metachloraniline.  Parachlorophenol  is  converted  into  para- 
ortkodichloropkenol^  CgHjClg.OH,  by  the  action  of  chlorine,  and 
the  same  dichlorophenol,  together  with  the  isomeric  diorthochloro- 
phenol,  is  furnished  by  orthochlorophenol.  Both  these  dichloro- 
phenols  yield  the  same  diorlhoparatrichlorophenol,  C^HgCl^.OH,. 
on  further  chlorination. 

The  conversion  of  phenol  int6  trichlorophenol  is  effected  by 
merely  passing  chlorine  into  the  phenol,  which  towards  the  close  of 
the  operation  is  heated  on  the  waterbath.  Under  ordinary  conditions, 
such  as  these  may  be  considered,  it  is  not  possible  to  displace  more 
than  three  atoms  of  hydrogen  in  phenol  by  chlorine,  but  when 
chlorine  is  passed  into  a  mixture  of  phenol  and  antimonious 
chloride,  which  is  heated  at  first  on  the  water  bath,  and  after- 
wards in  a  salt  bath,  until  hydrochloric  acid  is  no  longer  evolved, 
pentachlorophenol,  CgClg.OH,  is  produced.  Tetrachlorophenol  has 
not  been  obtained.  The  properties  of  the  chlorophenols  are 
summarized  in  the  following  table : 


Name. 

Formula. 

Constitu- 
Uon. 

M.P.  »C. 

B.P.OC. 

Parachlorophenol   .... 

C,H«C1.0H 

1:4 

Colourless  needles 

41' 

«i8*» 

Metachlorophenol   .... 

M 

1:3 

Colourless  oil    .    .    . 

— 

-M'* 

Orthochlorophenol  .... 

»» 

1:3 

Colourless  needles.    . 

7" 

If',- 

Paraorthodicblorophenol .    . 

C«U8C1,.0H 

1:3:4 

Six-sided  needles  .    . 

43^ 

ao9*» 

Diorihodichlorophenol     .    . 

M 

i:3:6 

Colourless  needles .    . 

65** 

ai9° 

Paradiorthotrichlorophcnol . 

C«H,a,.OH 

1:3:4:6 

White  woolly  needles 

68« 

^44^ 

Pentaohlorophenol  .    . 

CeCl5.0H 

— 

i860 

- 
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With  the  exception  of  pentachlorophenol^  which  is  odourless 
when  cold^  but  has  an  intensely  sharp  odour  and  causes  coughing 
when  heated^  the  chlorophenols  all  possess  an  extremely  unplea* 
sant  and  persistent  odour.  Like  phenol,  they  furnish  metallic 
defivatives,  and  the  mono-,  di-  and  trichlorophenols  even  appear  to 
possess  more  ^pronounced  acid  proi>ertie8  than  phenol  itself.  They 
are  almost  insoluble  in  water,  but  readily  soluble  in  ether  and 
other  menstrua.  They  are  very  stable  compounds,  being  reduced 
but  slowly  by  nascent  hydrogen  when  treated  with  sodium 
amalgam  and  water;  they  are  decomposed  by  heating  with 
fused  potassic  hydrate,  but  the  immediate  products  are  not 
obtained,  excepting  from  the  monochlorophenols,  which  furnish 
the  corresponding  dioxybenzenes,  owing  to  their  decomposition  by 
the  potassic  hydrate. 

JBromaphenols, — These  compounds  exhibit  the  closest  resemblance  to  the 
chlorophenols,  but  ar^  less  stable  substances.  By  the  first  action  of  bromine  on 
phenol  a  mixture  of  ^aro-  and  ortkobromophenol  is  produced,  and  under  certain 
conditions  not  yet  defined  metabromophenol  also  appears  to  be  formed.  Tlie 
further  action  of  bromine  on  para-  and  orthobromopbenol  is  similar  to  that  of 
chlorine  on  the  corresponding  chlorophenols,  and  ceases  under  ordinary  condi- 
tions with  the  production  of  tribromophenol ;  metabromophenol,  however,  is 
directly  convertible,  without  heating  to  an  elevated  temperature,  into  tetra- 
bromophenol.  By  heating  tribromophenol  with  bromine  to  170° — 180^ 
(338** — 356^  F*)  it  is  converted  into  t^trctbromophenol,  and  on  further  heating 
with  exceas  of  bromine  to  210° — 220°  (410° — 428°  F.)  2>^»^abromophenol  is 
produced.  The  following  table  exhibits  the  properties  of  the  various  bromo- 
phenols  with  which  we  are  acquainted : 


Nsme. 

Formola. 

Constita- 
tion. 

Appearance. 

M.P.  <»C. 

B.P.°C. 

CeU4Br.0U 

1:4 

Largre  monoclinic  prisms 

66'» 

.^ 

» 

1:3 

Colourless  oil  .... 

... 

aa8» 

»> 

1:1 

m           n           •     •     • 

... 

- 

CeH.Br,.0H 

.:a:4 

Coborless  prisms .    .    . 

40*' 

„   i 

CsH,Brg.OH 

I  :a:4:6 

White  silky  needles.    . 

9a» 

- 

CeHBr4.0H 

IK>'» 

- 

C,BvOH 

... 

• 

335^ 

— 

lodophenols, — ^The  nature  of  the  moniodophenols  formed  from  phenol  by 
the  action  of  iodine  in  presence  of  mercuric  oxide  or  iodic  acid  is  not  yet  satis- 
factorily determined,  but  apparently  the  three  isomeric  moniodophenols  are 
simultaneously  produced.  Pure  paraiodophenol  may  be  obtained  by  Griess's 
method  from  paramidophenol,  and  orthiodophenol  is  prepared  in  a  similar  manner 
from  orthamidophenol ;  metiodophenol  is  obtained  by  displacing  the  NH, 
group  in  metiodaniline  from  metadinitrobenzene  by  OH.  They  are  whit« 
crystalline  substances,  possessing  a  feeble,  unpleasant,  and  most  persistent  odour. 
The  only  other  iodophenols  known  are  a  di-  and  a  triiodophenol,  whioh^crystaU 
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lize  in  white  needlfis.     The  melting  points  of  theee  oomponnds  are  given  in  the 
following  table : 


Name. 

Formala. 

M.P.«C. 

Paraiodophenol     .... 
Metiodophenol       .... 
Orthiodophenol     .... 

Diiodophenol 

Triiodophenol 

C.H.LOH 
it 

C.H,I,.OH 
C.H,I,.OH 

I  :4 

I  -3 
I  :  2 

(P)  I  :  2  :  4 
(?)  I  :  2  :  4  :  6 

65° 

< 
156° 

(1472)  JECaloid  Nitro-derivaUves  qf  PhenoL — The  monohaloid  derivatives 
of  phenol  readily  famish  mono-  and  dinitro-derivatives  on  treatment  with  nitric 
acid,  and  the  dihaloid  derivatives  are  converted  by  nitric  acid  into  mono-nitro- 
oomponnds;  but  corresponding  nitro-derivatives  cannot  be  obtained  from  the 
trihaloid  derivativee  of  phenol,  triohlorophenol  being  converted  into  dichloro- 
qninone,  C^H^Cl^O,,  by  the  action  of  nitric  acid,  whilst  tribromophenol  famishes 
a  paranitrodibromophenol,  C,H,Br,(NOJ.OH,  one  of  the  bromine  atoms.being 
displaced  by  the  NO,  group.  On  the  other  hand,  the  nitrophenols  readily  enter 
into  reaction  with  the  halogens,  producing  mono-  and  di-haloid  nitro-derivatives, 
whilst  the  dinitrophenols  furnish  monohaloid  derivatives ;  trinitrophenol,  how- 
ever, is  converted  into  chlor-a-dinitrophenol  by  the  action  of  chlorine  in  presence 
of  iodine^  and  into  brom-a-dinitrophenol  by  the  action  of  bromine,  one  of  the 
NO,  groups  in  the  ortho-position  being  displaced  by  the  halogen. 

Two  isomeric  mononitro-derivatives  are  simultaneously  produced  by  nitrating 
the  ortho-monohaloid  derivatives  of  phenol,  both  of  which  fumish  the  same 
dinitro-monohaloid  phenol  on  further  nitration.  Thus,  orthochlorophenol  is  con- 
verted by  nitric  acid  into  a  mixture  of  orthochloroparanitrophenol  and  ortho- 
chlororthonitrophenol,  both  of  which  on  further  treatment  fumish  orthochlor- 
orthoparadinitrophenol.  Similarly,  two  isomeric  mononitro-monohaloid  deriva- 
tives are  simultaneously  formed  by  the  action  of  halc^ns  on  orthonitrophenol, 
and  these  both  famish  the  same  dihaloid-nitrophenol.  The  pararhaloid  deriva- 
tives and  paranitrophenol  do  not  yield  isomeric  compounds ;  the  behaviour  of 
metanitrophenol  and  of  the  meta-monobaloid  derivatives  of  phenol  has  not  been 
studied,  but  there  is  little  doubt  that,  like  the  ortho-derivatives,  they  will  fur- 
nish mixtures  of  isomerides. 

Haloid-nitro-derivativeB  of  phenol  are  also  produced  by  the  action  of  alkalies 
on  certain  of  the  haloid-nitro-  and  haloid-nitro-amido-derivatives  of  benzene ; 
thus,  the  two  isomeric  dinitroparadichlorobenzenes  ixumish  the  sodic  salts  of  cor- 
responding dinitroparachlorophenols  when  digested  with  sodic  hydrate  solution, 
and  bromodinitroaniline,  Cfifir(SO^^.^m^  (NH,  :  Br :  NO, :  NO,  =  i :  2 :  4 : 6), 
is  converted  into  the  potassic  salt  of  bromo-a-4initrophenol  by  heating  witii 
potassic  hydrate  solution. 

The  haloid-nitso*derivatives  of  phenol  are  all  crystalline  bodies  of  various 
shades  of  yellow  in  colour.  They  exhibit  pronounced  acid  properties,  and  fur- 
nish a  most  beautiful  series  of  well-crystallized  salts,  varying  in  colour  from 
yellow  to  brilliant  crimson,  and  more  or  less  soluble  in  water.  The  metallic 
derivatives  of  the  nitrohaloidphenoLs  derived  from  paranitrophenol  and  a-dinitro- 
phenol  are  yellow  or  orange ;  those  derived  from  orthonitrophenol  and  /S-dinitro- 
phenol  are  mostly  deep  orange  or  red.  The  bromo-derivatives  are  mostly  of  a 
deeper  colour  than  the  corresponding  chloro-derivatives,  and  the  iodo-derivatives 
of  a  deeper  colour  than  the  corresponding  bromo-derivatives.  The  meta-deriva- 
tivea  have  been  too  little  studied  to  enable  us  to  state  in  general  terms  what 
their  properties  are. 
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The  following  table  includes  all  the  haloid-nitrophenoU  at  present  known : 


Colour  of 

c 

Name. 

Formula. 

Oonstitation. 

Potaasittm 
Deiiratire. 

M.P.o''- 

OrtbochloroparaDitrophenol  .    .     . 

C.HjCKNOJOH 

1:2:4 
1:2:6 

Yellow 

III" 

OrthochiororthoDitropbenoI  .    .     . 

f» 

Bed 

70« 

Parachlororthonitrophenol    .     .     . 

fy 

1:4:2 

Red 

87'' 

C,H,C1,(NOOOH 

I  :  2  :  6 : 4 
1:2:4:6 

Oraoge 

"5^ 

OrthopMadichlororthoDitropbenol  . 

tf 

Red 

121' 

Parachlorodiorthonitrophenol    .     . 

C.HjCKNOjJjOH 

1:4:2:6 

Bed 

8i' 

OrtboohloroparaorthodiDitropheDol 

ft 

I  :2  :4:6 

Yellow 

III' 

Metacbloroparaortbodioitrophenol . 

tt 

i;3:(4:6!) 

YeUow 

? 

Parachlororthometadinitrophenol    . 

t) 

i:4:(6:3?) 

Red 

7o* 

Orthobromoparanitropbenol       .     . 

C,H,Br(N02)0H 

1:2  :4 

YeUow 

ro2*» 

ParabromorthonitropbeDol   .     .     . 

t» 

1:4:2 

Bed 

87'' 

Diorthobromoparanitrophenol    .     . 

C.H,Br,(NOjOH 

1:2:6:4 

Orange 

141'' 

Orthoparadibromortbonitrophenol . 

») 

1:2:4:6 

ii8» 

Parabromodiorthonitrophenol    .     . 

C.HaBrlNOJ^OH 

1:4:2:6 

Crimson 

76» 

OrthobromoparaortbodinitropheTiol 

if 

1:2:4:6 

Orange 

118' 

MelabromoparaorthodinitropheDol . 

»> 

i:3:(4:6?) 

YeUow 

9J'-5 

Orthiodoparauitropbenol  .... 
PariodortbonitropheDol    .... 

C.BJL{NO^OK 

I  :2:4 

Orange 

94- 

if 

1:4:2 

(?)  no'' 

Diorthiodoparanitropbenol    .     .     . 

C.H,I,(NOJOH 

1:2:6:4 

Oraoge 

156- 

Ortbopaiadiiodorthonitropbenol      . 

0,H^(NO^aOH 

1:2:4:6 
I  :  4  : 2 : 6 

Crimson 
Crimson 

OrthiodoparaorihodinitropheDol     . 

f> 

I  :2 :4  :6 

Orange 

107' 

(1473)  SaloidrSulphQ;  NitrO'Sulpho-,  Amido-sulpAo',  and  Haloid- 
nitro-sulpho-derivatives  of  Phenol, — The  monohaloid  derivatives  of  phenol 
readily  enter  into  reaction  with  sulphuric  acid  forming  monosulphonic  acids,  and 
by  heating  with  an  excess  of  the  acid  they  are  converted  into  disulphonic  acids. 
Similarly,  the  dihaloid  derivatives  of  phenol  are  converted  into  monosulphonic 
acids  by  the  action  of  sulphuric  acid ;  but  the  trihaloid  derivatives  of  phenol  do 
not  furnish  corresponding  sulphonic  acids. 

Haloid  phenolsulphonic  acids  may  also  be  produced  by  the  action  of  the 
halogens  on  the  phenolsulphonic  acids.  Thus,  on  the  addition  of  bromine  to  a 
Bolution  of  potassic  phenoldisulphonate,  CqH,(S03E),.0H,  potassic  bromo- 
phenoldisulphonate,  C,H,Br(S0,E)2.0H,  is  formed,  and  in  a  similar  manner 
potassic  phenolparasulphonate,  C0H^(SO,K).OH,  may  be  converted  in  succession 
into  the  iromophenolparasulphonate,  C^H,Br(SO,R).OH,  and  the  cft&romophenol- 
parasulphonate,  C,H,Br,(SO,K).OH. 

It  is  not  possible,  however,  to  displace  more  than  three  atoms  of  hydrogen 
in  phenol  by  the  halogens  and  the  snlpho-group,  and  by  the  continued  action  of 
the  halogens  in  presence  of  water  on  the  haloid-sulphonio  acids  in  which  sub- 
stitution has  taken  place  to  this  extent,  the  sulpho-groups  are  more  or  less 
readily  displaced  by  the  halogen.  For  example,  on  adding  bromine  to  a  solution 
of  potassic  bromophenoldisulphonate  it  is  converted  into  the  dibromomonosul- 
phcmate,  and  by  the  continued  action  of  bromine  on  the  latter  tribromophenol 
is  produced : 

C.H,Br(SO,K),.OH  +  Br,  +  OH,  =  C.H,Br,(SO,K).OH  +  HBr  +  HKSO,. 
Potaatic  bromophenoldiBalphoiiate.  Potaaaio  dlbromopbenolsnlpliODate. 

C.H,Br,(SO,K).OH  +  Br,  +  OH,  =  C,H,Br,.OH  4-  HBr  4-  HKSO^. 
Potasaic  dibromopheoolBiilphoDat«.  TribromopbenoL 

The  phenolsulphonic  acids  behave  similarly  with  nitric  acid.  Thus,  potassic 
phenolparasulphonate  is  converted  by  careful  nitration  into  potassic  opthonitro-j 
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phenolparasulphonate,  C,H,(NO,)(SO,K).OH.  Orthonitrophenolparasulphonic 
acid  h  also  produced  by  gently  warming  orthonitrophenol  with  sulphuric  acid, 
and  the  isomeric  paranitrophenolorthosulphonic  acid  is  obtained  in  a  similar 
manner  from  paranitrophenol ;  by  careful  nitration  these  acids  may  be  converted 
into  dinitrophenolsuphouio  acids,  which  by  the  continued  action  of  nitric  acid  are 
converted  into  trinitrophenol.  Sulpho-acids  have  not  been  directly  produced 
from  the  dinitrophenols. 

The  nitrophenolsulphonic  acids  are  converted  by  the  action  of  reducing  agents 
into  corresponding  amidophenolsulphonic  acids,  which  msiy  also  be  produced  from 
the  amidophenol  hydrochlorides  by  treatment  with  sulphuric  acid. 

Apparently,  the  haloid-nit ro-phenols  do  not  enter  into  reaction  with  sulphuric 
acid  to  produce  corresponding  sulpho-acids,  but  on  treatment  with  nitric  acid  the 
monohaloid-phenolmonosulphonic  acids  furnish  mononitro-monohaloid-phenolsul- 
phonic  acids,  and  similar  compounds  are  formed  from  the  monohaloid-disulpho- 
acids,  one  of  the  sulpho-groups  being  displaced  by  NO, ;  by  the  further  action  of 
nitric  acid  these  haloid-nitro-sulpho-acids  are  converted  into  haloid-dinitrophenoLs. 
The  dihaloid-phenolmonosulphonic  acids  are  either  converted  into  dihaloid-nitro- 
phenols  by  the  action  of  nitric  acid,  or  one  of  the  atoms  of  halogen  is  displaced 
by  NO,,  and  haloid-nitro-sulpho-acids  are  produced. 

The  phenolsulphonic  acids  and  their  derivatives  furnish  two  classes  of  salts  : 
normal  salts,  formed  by  the  displacement  of  hydrogen  in  the  sulpbo-group  by 
metals,  and  so-called  basic  salts,  in  which  not  only  the  hydrogen  in  the  sulpho- 
group,  but  also  that  in  the  OH  group,  is  displaced  by  metals.  The  salts  of  the 
phenol-  and  haloid-phenolsulphonic  acids  are  colourless;  the  normal  salts  of  the 
nitrophenol-  and  haloid-nitrophenolsulphonic  acids  are  yellow,  but  the  basic  salts 
of  these  acids  vary  in  colour  from  yellow  to  red,  and  many  of  them  are  of  g^reat 
beauty.  Apparently,  there  is  a  similar  connexion  between  colour  and  constitution 
as  in  the  case  of  the  nitrophenols,  the  basic  salts  of  orthonitrophenol  derivatives 
being  usually  of  a  more  or  less  red  colour. 


Formula. 

Coiwtitation.* 

SooToe. 

1.  CeH4.0H.R0,H 

3.   CeH4.OH.8OgH 

3.  C,H,.OH.(80aH)3 

4.  C«H,C1.0H.80,H 

5.  CeHaaOH.SOaH 

6.  CsHaaa.0H.SOsH 

7.  CeH.CI,.0H.S08H 

8.  CeH,a.0H.(S0sH), 

9.  CeH,Cl.OH.C808H), 

10.  CeHsBr.OH.SOjH 

11.  CflH.Br.OH.SOiH 
la.  C«H;Br,.0H.80,H 

13.  CeH,Br,.0H.80,H 

14.  CeHal{r.0H.(S0,H), 

15.  CeH,I,.0H.80.fi 

16.  CeHs(NOjO  OH.SOjH 

17.  CeH,(N03.0H.80,H 

18.  CfiK'NJi   :-.ii!L>u.|E 

19.  C,,n,iXEL,f  iiJf.S<>,M 

30.  CtnjrUN.),)o]I>,^,[[ 

31.  Ct,ii/nrN<Lj  uM.MJjff 

33.  Ct}r.Elr(NO»).OK,B<LH 
aj.  Cc,M.Ur{NOJ.0H.S«>3H 

34.  CflEE;Hr[NO,yOH.St.J-H 

35.  CeMJtNCy.OtKSOaK 

36.  C«lIjI(N0jJ.OH.St'jH 

1  :a 

1:4 

I  :  a  :  4 

1:3:4 

i:4:a    ^ 

I  :4:  3  :  6 

1:2:4:6 

1:3:4:6 

1:3:0:4 

1:3:4 

1:4:3 

i:4:a:6 

1:3:4:6 

1:3:4:6 

1:4:3:6 

1:3:4 

i:4:a 

1:3:4 
1:4:3 
1:3:4:6 
1:4:3:6 
1:4:3:6 
I  :  3  :  6  :  4 
I  : 3: 4  :6 
I  :  3  :  6  :  4 
1:4:6:3 

From  phenol  andsulpharic  acid. 

From  I  wd  a  by  action  of  sulphuric  acid. 

From  parachlorophenol. 

From  orthochlorophenol. 

From  3  by  action  of  chlorine. 

From  orthoparadichlorophenol.                                    ' 

From  3  by  action  of  chlorine. 

From  paraohlorophenol  and  Hj«04. 

From  3  and  bromine. 

From  3  and  bromine. 

From  I  and  bromine,  and  from  14  and  bromine. 

From  3  and  bromine. 

From  3  by  action  of  iodine  in  presence  of  HgO. 

From  paranitrophenol  and  HjSO^. 

From  orthonitrophenol  and  H«S04,  and  from  a  and 

HNO,. 
From  1 6  by  reduction,  and  from  paramidophenol. 

From  4  and  HNO,. 

From  6  and  HNO,. 

From  13  and  HNO.,  and  from  17  and  bromine. 

From  16  and  bromine. 

From  10  and  nitric  acid. 

From  16  by  action  of  iodine  in  presence  of  HgO. 

From  17  by  action  of  iodine      „           „     HgO. 

*  The  OH  group  is  always  supposed  to  occupy  the  position  i ;  the  relative 
position  of  the  siilpho-group  is  next  stated,  then  that  of  the  halogen,  and  lastly 
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The  foregoing^  table  includes  all  the  phenolsul phonic  acids  and  Bubstituted 
pheoolnolphonic  acids  of  known  constitution  which  have  been  prepared  from 
phenol  and  phenol  derivatives. 

(1474)  Mode  of  Determining  the  Constitution  of  Phenol  Deriva- 
iives. — Much  discussion  has  taken  place  of  late  with  regard  to 
the  constitution  of  the  phenol  derivatives^  but  the  conclusions  at 
which  chemists  have  now  arrived  are  so  consistent  that  there  can 
scarcely  be  a  doubt  as  to  their  correctness.  After  the  explanation 
we  have  given  of  the  manner  in  which  the  constitution  of  the  benzene 
derivatives  is  determined,  it  will  only  be  necessary  briefly  to  in- 
dicate the  method  adopted  in  the  case  of  the  phenol  derivative:^. 

We  may  conveniently  commence  with  the  three  nitrophenols, 
since  most  phenol  derivatives  can  be  more  or  less  directly  referred 
to  these  compounds.  Their  connexion  with  the  three  isomeric 
dibromobenzenes  is  established  in  the  following  manner.  By 
heating  the  two  isomeric  nitrobromobenzenes  produced  by  the 
action  of  nitric  acid  on  bromobenzene  with  potassic  hydrate 
solution,  the  potassium  derivatives  of  the  two  nitrophenols  which 
are  formed  on  nitrating  phenol  are  obtained : 

C.H.Br.NO^   +   2KHO   =   C^HJN02).0K   +   KBr  +  OH^; 

BromoDitrobenzeue.  PotaMinm  nitropheool. 

but  these  two  nitrobromobenzenes  are  respectively  convertible 
into  para-  and  or/Aodibromobenzene  :  that  which  furnishes  the 
non-volatile  modification  of  nitrophenol  yielding  paradibromo- 
benzene.  Hence  it  follows  that  the  non-volatile  nitrophenol 
(m.p.  114®  C.)  formed  on  nitrating  phenol  is  paranitrophenol 
(OH  :  NO,  =  1:4),  whilst  the  isomeric  volatile  modification 
(m.p.  45°  C.j  is  orthonitrophenol  (OH  :  NO,  =  1:2).  The 
third  isomeride  is  couseq\ieu.tly  met anilrophenol,  (OH  :  NO^  =  i  :  3), 
and  this  is  confirmed  by  its  production  from  the  modification  of 
dinitrobenzene  which  is  convertible  into  metadibromobenzenc. 
These  conclusions  are  supported  by  many  other  conversions 
which  need  not  be  detailed  here ;  in  fact,  no  reactions  are  known 
which  are  not  in  accordance  with  them. 

The  constitution  of  the  mononitrophenols  being  known,  that 
of  a-dinitrophenol  is  readily  inferred  from  its  formation  from 
both  ortho-  and  paranitrophenol,  whilst  the  fact  that  both  a-  and  j3- 
dinitrophenol  furnish  metadinitrobenzene  (NO^  :  NO^  =1:3) 
when  the  OH  group  is  displaced  by  hydrogen,  proves  that  in  the 
/3-compound  both  NOj  groups  occupy  ortho-positions.  The  constitu- 
tion of  trinitrophenol  (from  phenol)  is  deduced  in  a  similar  manner 
from  the  observation  that  it  may  be  produced  by  the  nitration  of 
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both  a-  and  /3-dinitrophenol.  The  following  symbols^  however, 
will  render  more  evident  the  nature  of  the  relation  to  each  other 
of  the  various  nitrophenols  formed  on  nitrating  phenol : 

OH  OH  OH  OH 

/\no,    /^jNOjj  NOj/NnOj  NOj/^NOg 

NO,  NO, 

Paranitro*        Orthonitro-  a-Dinitrophenol.  /3-DinitrophenoI.  Trinitrophenol. 

phenol.  phenol. 

M.P.  ii4»  M.P.45** 

By  displacing  the  NO,  group  in  paranitrophenol  by  chloriae, 
by  Oriess's  method^  it  is  converted  into  the  cUorophenol 
(b.p.  2 1 8°  C.)  which  is  the  main  product  of  the  action  of 
chlorine  on  phenol ;  the  isomeric  chlorophenol  (b.p.  1 76®  C.) 
from  phenol  may  in  a  similar  manner  be  obtained  from  oriho- 
nitrophenol.  From  this  it  follows  that  the  two  chlorophenols 
produced  on  chlorinating  phenol  are  respectively  para-  and 
orthochlorophenol.  The  constitution  of  the  monochlorophenols 
has  also  been  established  by  their  formation  from  the  three 
isomeric  chloramidobenzenes  or  chloranilines^  and  by  their  con- 
version into  dichlorobenzenes  by  the  action  of  phosphoric  penta* 
chloride.  On  chlorination  both  para-  and  orthochlorophenol 
furnish  the  dichlorophenol  (m.p.  43^  C.)  which  is  the  main 
product  of  the  continued  action  of  chlorine  on  phenol,  thus 
proving  it  to  be  paraorthochlorophenol.  The  constitution  of  the 
isomeric  dichlorophenol  (m.p.  6^  C.)  which  is  formed  in  small 
quantity  on  chlorinating  phenol  is  deduced  in  not  quite  so  direct 
a  manner.  It  may  be  obtained  by  displacing  the  NO,  group  in 
dichlorqparanitrophenol  by  hydrogen^  but  by  the  action  of  nitric 
acid  on  the  latter  compound  orthocUoro-a'dinitrophenol  is  pro- 
duced, one  of  the  atoms  of  chlorine  being  displaced  by  NO, ; 
since,  however,  a-dinitrophenol  is  an  orthopara*derivative  of 
phenol,  it  follows  that  the  chlorine  atom  which  is  displaced 
occupies  the  ortho-position,  and  that  consequently  both  chlorine 
atoms  in  dichloroparanitrophenol  occupy  ortho-positions  as  an 
or/Aochlorodinitrophenol  is  formed  by  treating  it  with  nitric 
acid.     Thus : 
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OH 


iNO,       CI 


OH 


NO, 


Pannitrophenol 


,,  NO,  NO, 

ipDinitrophenoL        Orthochlor-a-dinltrophenol.       DUshloropannitiophenol. 


Lastly,  since  both  the  above-mentioned  dichlorophenols  ibrnish 
the  same  trichlorophenol  n^hen  chlorinated^  this  compound  must 
be  a  diorthochloroparachloro-derivative.  We  may,  therefore, 
represent  the  series  of  chlorophenols  formed  on  chlorinating 
phenol  by  the  following  symbols,  which  it  will  be  noticed  exactly 
correspond  to  those  assigned  to  the  nitrophenols  : 


OH 


Painchloro- 
phenol. 
B.P.  176" 


Orthochloro- 
phenol. 
ap.  aiS** 


OH 

/Nci 

Cl 


Diehlorophanol. 
M.P.4J° 


OH  OH 


Diohlorophenol. 
M.P.  65° 


TrichloropUenol. 


The  constitution  of  the  bromo-  and  iodophenols  may  be 
deduced  in  a  similar  manner,  and  that  of  the  haloid  nitro- 
phenols is  also  readily  ascertained  since  they  have  been  obtained, 
on  the  one  hand,  by  nitrating  haloid  phenols  of  known  consti- 
tution, and  on  the  other,  by  the  action  of  the  halogens  on  nitro- 
phenols of  known  constitution.  For  example,  a  single  chloro- 
nitrophenol  is  obtained  on  nitrating  parachhrofhenol  which  is 
identical  with  one  that  is  formed  on  chlorinating  or/Aoni/rophenol ; 
it  is,  therefore,  parachlororthonitrophenol.  Parani/rophenol,  when 
chlorinated,  furnishes  an  isomeric  paranitrochlorophenol,  which 
may  also  be  obtained  by  nitrating  orthochlorojlhenol,  and  is, 
therefore,  paranitroorthochlorophenol.  A  third  nitrochlorophenol 
is  obtainable  by  nitrating  orthochlorophenol,  and  as  on  further 
nitration  it  yields  orthochloro-a-dinitrophenol,  which  may  also 
be  formed  by  nitrating  orthochloroparanitrophenol,  it  must  of 
necessity  be  an  or/Aochloror/Aonitrophenol ;  thus : 
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OH  OH  OH 

.NO. 


NO, 


Qrthoohlororiho- 
nitrophenol. 


Cl  NO,  NOj 

Fanushlororthonitio-       OrthoohloroparftDitro-       Orthochlor-o-diDitrophenoL 
phenol.  phenol. 

The  fact  that  the  phenolme^asulphonic  acid  produced  by  dis- 
placing one  of  the  sulpho-groups  in  benzenemetadisulphonic  acid 
by  OH  (p.  479)  is  not  identical  with  either  of  the  phenol- 
sulphonic  acids  formed  by  the  action  of  sulphuric  acid  on  phenol 
necessitates  the  conclusion  that  the  compounds  directly  produced 
from  phenol  are  the  ortho-  and  para-  acid.  By  its  conversion 
into  parachlorophenol  by  distillation  with  phosphoric  penta- 
chloride^  the  stable  modification  is  shown  to  be  the  para-acid : 

C.H^(SO,H).OH   +    2PCI5  =  C.H^Cl.OH    +   SOCl,  +    2POCI,   +  Ha; 

whilst  the  connexion  of  the  unstable  modification  with  the  ortho- 
series^  which  follows  from  this  observation^  is  confirmed  by  its 
conversion  into  orthodioxybenzene  or  pyrocatechin,  CgH4(OH)2, 
on  fusion  with  potassic  hydrate.* 

The  dichlorophenolsulphonic  acid  obtained  by  chlorinating 
the  stable  phenolsulphonic  acid  from  phenol  is  converted  into 
dichlorc^aranitrophenol  by  the  action  of  nitric  acid^  whilst  that 
produced  from  the  unstable  modification  furnishes  dichlororthoni- 
trophenol.  If,  from  a  consideration  of  the  evidence  above  given, 
we  regard  the  constitution  of  the  phenolsulphonic  acids  from 
phenol  as  established^  these  results  may  be  regarded  as  a  proof 
that  when  the  phenolsulphonic  acids  are  converted  into  corre- 
sponding nitro-derivatives  by  the  action  of  nitric  acid,  the  SO3H 
or  sulpho-group  is  directly  displaced  by  the  NO^  group  ;  thus : 


Cl 


NOo 


NO3 

Dichloroparaiiitro- 
pheuol. 


SO,H 


Dichlorophenolpara- 
■ulphouicadd. 


OH 

Cl 


J>ichIororthonitro< 
phenol. 


OH 


SO3H 


Dichlorophenolortho< 
■olphonic  add. 


*  Although  isomeric  change  not  unfrequently  takes  place  when  such  com- 
pounds as  the  Bulphonic  acids  are  fused  with  potassic  hydrate,  the  formation  of 
the  ortho-modification  of  dioxyhenzene  has  never  been  observed  in  any  ca»^ 
in  which  the  production  of  its  isomerides  is  to  be  expected  (see  Dioxybenzeneit). 
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It  will  now  be  understood  without  {urther  explanation  that  the 
constitution  of  the  haloid-  and  haloid-nitro-phenolsulphonic  acids 
is  readily  inferred  from  their  formation  from  the  haloid-phenols, 
&c.^  and  from  their  conversion  into  haloid-nitrophenols  of  known 
constitution. 

(1475)  ^^  ^^'^  ^f  Substitution  in  the  Phenol  Series. — On 
comparing  together  the  various  compounds  produced  directly  from 
phenol^  it  will  be  evident  that  the  formation  of  substitution 
derivatives  from  it  is  regulated  by  very  simple  laws,  which, 
briefly  stated,  are  as  follows : 

1.  That  the  action  of  the  halogens,  and  of  nitric  and  sul- 
phuric acids,  and  probably  of  reagents  generally,  on  phenol  is 
similar,  inasmuch  as  the  same  hydrogen  atoms  are  always  displaced. 

2.  That  under  what  may  be  termed  ordinary  conditions  at 
most  three  atoms  of  hydrogen  in  phenol  may  be  displaced.  Thus, 
the  action  of  nitric  acid  ceases  with  the  production  of  trinitro- 
phenol,  which,  however,  is  formed  without  diflSculty.  Similarly, 
chlorine,  bromine,  and  iodine  readily  convert  phenol  into  the  cor- 
responding trihaloid  derivatives,  but  higher  derivatives  are  only 
obtained  on  heating  to  a  comparatively  high  temperature,  or  by 
the  aid  of  powerful  agents  such  as  antimony  pentachloride. 

3.  That  the  three  atoms  of  hydrogen  which  may  be  displaced 
are  those  which  occupy  the  ortho-positions,  i  :  2  and  i  :  6,  and 
the  para-position,  1:4;  meta-  or  i  :  3  and  i :  5  derivatives  being 
rarely  produced.  Thus,  neither  nitric  nor  sulphuric  acid  appears 
to  have  any  tendency  to  form  meta-derivatives,  neither  have  they 
been  obtained  by  the  action  of  chlorine,  whilst  metabromophenol 
is  produced  appai'ently  only  under  special  conditions.  At  present 
it  is  not  known  whether  metiodophenol  is  a  constant  product  of 
the  action  of  iodine  on  phenol,  but  it  probably  is. 

4.  That  a  mixture  of  the  ortho-  and  para-mono-derivatives,  in 
proportions  which  vary  according  to  the  conditions  of  experi- 
ment, is  always  produced  in  the  first  instance  :  the  exact  manner 
in  which  the  proportions  vary  with  the  conditions  has  not  been 
ascertained.  On  further  treatment,  the  para-mono-derivatives 
always  furnish  paraortho-di-derivatives,  but  the  ortho-mono-deri- 
vatives yield  paraortho-di-derivatives  and  a  variable  amount  of  the 
diortho-di-derivatives ;  both  the  paraortho-  and  the  diortho-di- 
derivatives  are  finally  converted  into  para-diortho-tri-derivatives. 

The  meta-mono-derivatives  of  phenol  apparently  resemble 
phenol  itself  in  their  behaviour,  metabromophenol  beiilg  readily 
converted  into  tetrabromophenol  by  the  action  of  bromine.  It 
is  also  probable  that  the  order  in  which  substitution  is  efiected 
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is  the  same^  since  the  two  dinitrophenols  formed  on  nitrating 
metanitrophenol  exhibit  considerable  resemblance  to  the  two 
nitrophenols  obtained  from  phenol :  the  one  being  non-yolatile 
and  soluble  in  water^  and  the  other  volatile^  thus  agreeing  in 
properties  with  para-  and  orthonitrophenol  respectively,  and  we 
may  therefore  infer  that  they  are  similarly  constituted. 

(1476)  Alcohols  of  the  Composition  C^H^.OHsssioS. — ^Four 
alcohols  derived  from  toluene  are  known — ^viz.,  benzylic  alcohol, 
CgH5.CH3(OH),  and  the  three  isomeric  cresols,  CH,.CgH^.OH. 

(1477)  Benzylic  Alcohol  or  Phenylcarbinol :  CgH5.CH3(OH). — 
According  to  Kraut,  Peru  balsam  consists  essentially  of  benzylic 
cinnamate,  CyH^O.CgH^O,  from  which  benzylic  alcohol  may  be 
obtained  by  treating  it  with  potassic  hydrate;  benzylic  ethers 
are  also  present  in  Tolu  balsam  and  liquid  storax.  To  prepare 
the  alcohol  from  toluene,  C^H-.CHj,  the  heated  hydrocarbon  is 
submitted  to  the  action  of  chlorine;  the  benzylic  chloride, 
C^Hg.CHjCl,  thus  produced  is  converted  into  the  acetate  by 
heating  it  with  potassic  acetate,  and  the  acetate  saponified  with 
potassic  hydrate ;  or  the  chloride  may  be  directly  converted  into 
the  alcohol  by  heating  it  with  plumbic  hydrate  and  water.  Benzylic 
alcohol  is  idso  produced  together  with  potassic  benzoate  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  on  benzoic 
aldehyde,  CgHg.COH,  and  together  with  hydrobenzoin  and  other 
substances  when  benzoic  acid  is  treated  with  sodium  amalgam. 

It  is  a  colourless,  highly  refractive,  oily  liquid,  insoluble  in 
water,  possessing  a  feeble  pleasant  odour;  it  boils  at  207^ 
(404°'6  F.),  and  at  cP  (32°  F.)  has  the  specific  gravity  vo6.  It 
remains  liquid  at  — 18°  (""0°'4  F.).  On  oxidation,  it  furnishes 
benzoic  aldehyde  and  benzoic  add.  When^  distilled  with  a  con- 
centrated potassic  hydrate  solution  a  portion  is  converted  into 
potassic  benzoate,  and  another  portion  reduced  to  toluene. 

The  chlorinated  toluenes  of  the  formula  CgHg^aCln^CHjCl  yield 
chlorinated  derivatives  of  benzylic  alcohol  when  converted  into 
the  corresponding  acetates,  and  these  are  subsequently  saponified ; 
these  substances,  of  which  the  complete  series  has  been  obtained^ 
are  colourless  crystalline  bodies  (Beilstein  and  Kuhlberg). 

Mononiirohenss^lic  alcohol,  C,H^(NO,).CH,(OH),  prepared  firom  metanitro- 
benzoio  aldehyde  by  treatment  with  alcoholic  solution  of  potaseio  hydrate,  is  a 
viscid  oil  (Grimaux,  Ann,  Chem,  Pkarm,,  cxlv.  47),  whilst  the  compound 
obtained  by  saponifying  nitrobenzylic  acetate  (formed  by  dropping  benzylic 
acetate  into  fuming  nitric  acid)  crystallizes  in  slender  colourless  needles,  which 
melt  at  93^  (i99°'4  f -)*  As  it  yields  paranitrobenzoic  acid  on  oxidation,  it  is 
evidently  a  para-derivative.  By  the  action  of  fuming  nitric  acid  it  is  converted 
into  dinitrobenzylic  alcohol ;  this  crystallizes  in  needles  which  melt  at  7  x^ 
(159*'"8  P.)  (Beilstein  and  Kuhlberg,  ibid.,  cxlvii.  339). 
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(1478)  Cresol  or  Methylphenol :  CHj.C^H^.OH. — Para-  and 
orthocresol  are  obtained  respectively  from  thepotassic  salts  of  the 
para-  and  orthotoluenesulphonic  acids  produced  on  warming 
toluene  with  sulphuric  acid  by  fusing  them  with  potassic 
hydrate.  They  may  also  be  prepared  from  the  corresponding 
nitrotoluenes.  Metacresol  is  prepared  by  heating  thymol  or 
methylpropylphenol  with  phosphoric  anhydride,  when  propylene 
is  evolved,  and  a  cresylic  phosphate  produced  from  which  meta- 
cresol is  obtained  by  fusion  with  potassic  hydrate ;  it  is  also 
formed  on  distilling  the  baric  salt  of  oxyuvitic  acid, 
CgH2(OH)(CHs){COOH)2,  with  lime  or  baryta  (Oppenheim  and 
PfaflF,  DeiU.  chem.  Ges.  Ber.,  viii.  886).  Orthocresol  is  prepared 
in  a  similar  manner  from  carvacrol,  the  isomeride  of  thymol. 
Coal  tar  oil  certainly  contains  both  para-  and  orthocresol,  and 
probably  also  metacresol. 

Paracresol  is  a  white  crystalline  substance  which  melts  at 
36^  (96°' 8  P.);  according  to  Schiff  {ibid.,  viii.  1201),  it  boils  at 
198° — 199°  (388°-4 — 390°- 3  P.).  Metacresol  has  only  been 
obtained  as  a  liquid,  boiling  at  aoo°— 301®  (39^° — 393°'8  P.). 
Orthocresol  is  a  crystalline  solid  which  melts  at  31°  (87°'8  P.), 
and  boils  at  185^—186°  (365°— 366°-8  P.)  (Kekule,  ibid.,  vii.  1007). 
When  oxidized  by  fusion  with  potassic  hydrate,  paracresol  is 
converted  into  paroxybenzoic  acid,  and  metacresol  into  the 
isomeric  metoxybenzoic  acid,  orthocresol  yielding  salicylic  or 
orthoxybenzoic  acid :  the  third  acid  of  the  composition 
C^jH4(0H)C00H.  By  the  action  of  a  mixture  of  potassic 
chlorate  and  hydrochloric  acid,  which  exercises  simultaneously  a 
chlorinating  and  an  oxidizing  action,  metacresol  is  converted 
into  a  dichlorotoluquinone,  C^H^ClgOg,  orthocresol  yielding  a 
mixture  of  a  di-  and  trichlorotoluquinone,  but  paracresol  does 
not  furnish  a  quinone  derivative. 

Very  little  is  known  of  the  derivatives  of  the  cresols.  On 
nitration,  paracresol  is  converted  into  an  orthonitroparacresol, 
melting  at  33°  (9a°'4  P-)^  which  in  all  respects  is  the  analogue  of 
orthonitrophenol ;  on  further  nitration  this  yields  a  didrthonitro- 
paracresol,  melting  at  84°  (i83°*!2  P.),  which  very  closely  resembles 
diorthonitrophenol.  Paracresol,  however,  cannot  be  converted 
into  a  trinitro-derivative,  but  metacresol  yields  without  difficulty 
a  trinitrometacresol,  resembling  trinitrophenol,  and  which  melts 
at  about  105°  (221°  P.).  Similarly,  by  the  action  of  bromine  on 
the  sulpho-acid  produced  by  dissolving  paracresol  in  sulphuric 
acid,  a  bromoparacresolorthosulphonic  acid  is  produced,  but  a 
higher  brominated  derivative  of  this  acid  cannot  be  obtained,  the 
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sulpho-group  being  displaced  by  bromine  by  the  further  action  of 
the  latter. 

(1479)  Alcohols  op  thb  Composition  CgH,.OH=  122. — ^No  law  than 
eight  of  these  alcohols  have  been  described,  but  none  of  them  have  been 
safficientlj  investigated. 

Faratolylic  Alcohol  or  Tolylcarhinol :  CH,.C.H^.CH,(OH)  (CH,:CH,(OH) 
=  1:4),  is  prodaoed  on  heating  paratoloic  aldehyde  with  an  alcoholic  solution  of 
potassic hydrate  (Cannizzaro,  CompL  Bend,,  liv.  1225).  It  is  a  white  crystalline 
substance,  which  melts  at  ^g""  (i38''-2  F.),  and  boils  at  217''  (422''-6  F.)  ;  it  is 
reconverted  into  the  aldehyde,  CU,.C^H^.COH,  by  oxidation. 

Secondary  Phenylethylic  Alcohol  or  Methylph^iM/lcarhinol  : 
CH,.CH(C,HJ.OH,  is  obtained  by  the  action  of  nascent  hydrogen  on 
methylphenylketone,  CHg.CO.O.H.,  and  by  saponifying  the  acetate  formed  from 
bromethylbenzene,  C,H..CHBr.CH,,  and  argentic  acetate  with  sodic  hydrate 
solution  (Badziszewsky,  ibid,,  vii.  1 40).  It  is  a  colourless  highly  refractive  liquid 
of  unpleasant  odour,  which  boils  at  about  203°  (397°-4F.)  j  on  oxidation  it  is 
reconverted  into  the  ketone. 

Primary  Phenylethylic  Alcohol :  C.H,.CH,.CH,(OH),  is  obtained  by  the 
action  of  sodium  amalgam  on  an  aqueous  alcoholic  solution  of  phenylacetic 
aldehyde,  C^H^.CH^.COH.  It  is  a  colourless  liquid  of  faint  odour,  of  the  specific 
gravity  1*0337  *t  21''  {6(f'^  F.),  and  boils  at  212°  (4I3*''6  F.).  It  furnishes 
phenylacetic  aldehyde  and  phenylacetic  acid  on  oxidation.  Primary  phenylethylic 
acetate,  C^Hj.CH,.CH,.C,HgO,,  is  a  colourless  liquid,  possessing  a  powerful,  plea- 
sant odour,  which  boils  without  decomposition  at  224®  (435°"2  F.);  it  readily 
furnishes  the  alcohol  on  saponification  with  potassic  hydrate  (EUulziszewsky, 
Deut,  chem,  Oee,  Ber.,  ix.  372).  When  it  is  added  to  an  excess  of  acetic 
chloride,  chiefly  acetic  acid  and  chlorethylbenzene,  C^H^.CHCl.CH,,  are  produced. 
Secondary  phenylethylic  acetate  has  a  pleasant  jasmine-like  odour,  and  boils  at 
313®— 216°  (4i5'**4--420®-8  F.),  but  is  at  the  same  time  partially  decomposed 
into  acetic  acid  and  cinnamene.  It  cannot  be  saponified  with  an  alcoholic  solution 
of  potassic  hydrate  :  the  chief  products  in  this  case  being  cinnamene  and  meta- 
cinnamene. 

Xenol,  Xylenol  or  Oxydimethylbenzene :  C,H,(CH,),.OH.T-When  coal-tar 
xylene,  consisting  chiefly  of  metadimethylbenzene,  is  converted  into  sulpho-acid, 
and  the  potassic  salt  of  the  latter  is  fused  with  potassic  hydrate,  a  mixture  of 
phenols  is  produced,  from  which  a  crystalline  metaxenol,  C^H,(CH,),.OH,  and  a 
liquid  isomeric  phenol,  which  is  probably  paraxenol  derived  from  the  paradi- 
methylbenzefte  present  in  coal-tar  xylene,  may  be  separated.  The  crystalline 
xenol  is  also  formed  on  fusing  mesitylenesulphonio  acid  with  potassic  hydrate ; 
in  this  case  not  only  is  the  sulpho-group  displaced  by  OH,  but  one  of  tlie 
methyl  groups  is  oxidized  to  COOU,  and  the  elements  of  a  molecule  of  carbonic 
anhydride  are  also  removed.  This  latter  method  of  formation,  it  will  be 
evident,  enables  us  to  infer  the  constitution  of  the  crystalline  xenol ;  thus  : 

OH  OH  OH 


CH,/^CH,       COOH|^^CH, 


OH,  CH,  CH, 

Medtjlenesa  phonic  acid.     Oxymetitjlene.  Oxymeiitylenlo  acid. 
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But  on  (i  priori  grounds  it  is  probable  that  the  xenol  from  metazylene  has  the 
constitution  assigned  to  it,  independently  of  the  evidence  afforded  by  it<s  forma- 
tion from  mesitylene,  as  it  has  been  observed  that  when  di-derivatives  of  benzene 
are  converted  into  tri-derivatives  the  tendency  is  always  to  form  a  i  :  2  :  4  de- 
rivative, so  that  the  conversion  of  metadimethylbenzene  (CH, :  CH,  =  1:3) 
into  the  sulpho-aoid  (HSO, :  CH, :  CH,  =  1  :  2  :  4)  is  what  is  to  be  expected. 

Metaxenol  crystallizes  in  large  colourless  prisms,  which  are  very  volatile,  and 
melt  at  75°  (167**  P.) ;  it  boils  at  about  215*  (419''  P.).  It  is  scarcely  soluble 
in  water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.  When  dissolved 
in  glacial  acetic  acid  and  mixed  with  bromine,  it  is  converted  into  dibromometa- 
x^nol,  which  crystallizes  in  white  needles,  melting  at  about  81°  (177^*8  P.); 
the  same  compound  is  obtained  on  adding  bromine  to  a  solution  of  the  meta- 
xenolsulphonic  acid  produced  by  the  action  of  sulphuric  acid  on  metaxenol. 
When,  however,  bromine  is  added  to  metaxenol  suspended  in  water  and  the 
product  is  crystallized  from  alcohol,  a  substance  which  crystallizes  in  golden  yellow 
plates,  melting  at  about  180°  (356^  P.)>  i«  obtained,  the  nature  of  which  has 
not  yet  been  satisfactorily  ascertained ;  it  would  appear  to  be  a  dibromo-deriva- 
tive  of  a  compound  containing  proportionally  less  hydrogen  than  the  xenol  from 
which  it  is  derived. 

Liquid  xenol  has  a  somewhat  lower  boiling  point  than  the  crystalline  iso- 
meride,  but  has  not  yet  been  examined. 

JSthylphenol  or  Oxyethylhenzene :  C,H^.C.H^.OH.— Bthylbenzene,  like 
methylbenzene  or  toluene,  when  heated  with  concentrated  sulphuric  acid,  fur- 
nishes a  mixture  of  two  isomeric  sulpho-acids,  and  from  the  general  resemblance 
in  behaviour  between  methyl-  and  ethylbenzene  it  can  scarcely  be  doubted  that 
the  two  acids  are  respectively  para*  and  or^Aoethylbenzenesulphonic  acid.  On 
heating  the  potassic  salts  of  the  crude  product  with  potassic  hydrate,  a  mixture  of 
the  corresponding  ethylphenols  is  produced.  Prom  this  mixture  the  chief  pro- 
duct may  be  separated  by  fractional  distillation  and  cooling  the  distillate ;  it  is 
then  obtained  in  large  colourless  transparent  pirismatic  crystals,  which  melt  at 
about  47**  (ii6®'6  P.).  It  boils  at  209**— 210®  (4o8**-2--4io**  P.),  according 
to  Fittig  and  Kiesow;  at  214° — 215**  (4 17®' 2 — 419°  P.),  according  to  Beil- 
atein  and  Euhlberg.  Unlike  metaxenol,  it  instantly  liquefies  in  contact  with 
water,  but  like  the  former  it  is  very  volatile.  The  isomeric  ethylphenol  has 
not  yet  been  separated  in  a  pure  state ;  it  is  said  to  be  a  liquid  boiling  at  212"* 
(4 1 3  ^'6  P.).     No  derivatives  of  either  of  these  phenols  have  as  yet  been  prepared. 

Phlorol  is  obtained  by  distilling  the  baric  salt  of  phloretic  acid,  C^H^^O,, 
with  lime.  It  is  a  colourless  liquid,  resembling  phenol  in  odour,  but  does  not 
solidify  when  cooled  to  -  18^  (  -  o**-4  P.) ;  it  boils  at  about  220''  (428°  P.).  It 
-  ia  said  to  be  converted  into  a  trinitro^erivative  by  concentrated  nitric  acid. 

Phloretic  acid  yields  ^^arooxybenzoic  acid  when  fused  with  potassic  hydrate, 
and  methylphloretic  acid  is  converted  into  paramethoxybenzoic  or  anisic  acid, 
C,H^(OCH^).COOH,  on  oxidation.  Hence  it  would  seem  that  there  are  hot 
two  side-chains  in  phloretic  acid,  and  since  the  one  is  hydroxy!,  the  conclusion 
is  forced  upon  us  that  it  is  a  phenolpropionic  acid,  C,H^(OH).C^H^.COOH,  in 
which  the  OH  and  C,H^.COOH  groups  relatively  occupy  the  positions  i  and  4, 
But  if,  this  be  the  constitotion  of  phloretic  acid,  it  follows  that  phlorol  must  be 
paraethylphenol : 

C.H,(OH).C,H,.COOH   =   C,H^(OH).CH.  +C0,. 

It  does  not  seem,  however,  to  be  identical  with  the  crystalline  ethylphenol 
from  ethylbenzene,  which  there  is  every  reason  to  believe  is  paraethylphenol ; 
moreover,  judging  from  the  behaviour  of  paracresol,  it  is  improbable  that  para* 
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ethylphenol  would  furnish  a  trinito-deriTative.  From  Uub  it  will  be  seen  that 
at  present  the  constitution  of  phlorol  is  uncertain.  According  to  Marasse 
(Ann,  Chem»  Pharm,,  clii.  75)>  a  colourless,  oily  liquid,  isomeric  or  identical 
with  the  aboTe,  is  contained  in  beech-tar,  and  is  found  in  that  portion  of  the 
phenob  which  distils  between  217^  and  220^  (422^*6 — 428°  F.).  The  oil  ex- 
tracted £rom  the  roots  of  Arnica  moniana,  according  to  Sigel,  contains  phlorol 
as  isobutyric  ether  (ibid.,  clxz.  345). 

(1480)  Alcohols  of  the  Composition  C^H^^.OH  =  136. — Only  three  mo- 
nohydric  alcohols  derived  from  hydrocarbons  of  the  composition  C^H^,  are  known. 

Frimafy  Phemflpropylie  AlcoKd  :  C,H^CH,.CH,.CH,(OH),  is  present  in 
storax,  probably  as  a  cinnamic  ether,  and  is  contained  in  commercial  cinnamic 
alcohol.  It  may  be  prepared  by  the  action  of  nascent  hydrogen  on  cinnamic 
alcohol,  C,H,,.OH.  It  is  a  colourless,  thick  liquid,  of  the  specific  gravity 
1*008  at  18^  (64%  F.)»  which  boils  at  235^  (455°  ^O  >  ^^  oxidation  it  yields 
hydrocinnamic  acid,  C,H,.CH,.CH,.COOH (Fittig,i><»<^. chem.  Qet.Ber.,^.  215). 

Secondary  Fhenylpropylic  Alcohol :  C,H^.CH(C^H  J.OH,  is  produced  from 
ethylphenyl  ketone,  C,H^.CO.C,H^,  by  the  action  of  nascent  hydrogen.  It  boils 
at  about  210°  (410°  F.),  but  is  partially  decomposed  (Barry,  ibid.,  vi.  1008). 

Mesitol  or  Oxymentylene :  C^H,(CH,),.OH. — This  phenol  is  produced  by 
carefully  fusing  the  potassic  salt  of  mesitylenesulphonic  acid  with  potassic  hydrate, . 
and  from  nitromesitylene  by  displacing  the  NO,  group  by  OH  (p.  471).  It 
crystallizes  in  long  white  needles,  which  melt  at  68**— 69*'  (i54°'4 — 156°-2  F.); 
bromine  converts  it  into  a  monobromo-derivative,  which  melts  at  80^  (176°  F.) 
(Biedermann  and  Ledoux,  Deut.  chem.  Oct.  Ber.,  viii.  57 — 250). 

(1481)  Alcohols  of  the  Composition  Cj,H„.OH=  150. — Oimic  or 
Cuminylie  Alcohol:  C,Hy.C,H^.CH2(0H),  produced  from  cumio  aldehyde,  is  a 
colourless  liquid,  of  faint  but  agreeable  aromatic  odour,  which  boils  at 
243°  (469***4  F.) ;  on  oxidation  it  yields  oumic  acid,  C,Hy.C^H^.C00H,  which  by 
further  oxidation  may  be  converted  into  terephthalic  acid,  C^H^{C00H),,  proving 
that  the  C^H,  and  Cn,(OH)  groups  in  the  alcohol  are  rekidvely  in  the  parar 
position.  By  the  action  of  an  fdcoholic  solution  of  potassic  hydrate  it  is  converted 
into  cymene  and  potassic  ouminate  (Kraut,  Ann^  Chem,  Fharm.,  xcii.  66). 

FhenylpropylcarUnol :  C,H,.CH(C^H^).OH,  has  been  prepared  from  the 
corresponding  ketope,  but  not  yet  examined. 

Thymol:  C,H,«.C,H,(CHJ.OH.— This  phenol  is  contained  together  with 
terpenes  and  cymene  in  various  essential  oils,  such  as  oil  of  thyme,  the  oil  of 
Ftychotis  Ajowa/n  and  the  oil  of  Monarda  punctata.  It  crystalliases  in  large 
colourless  prisms,  possessing  an  agreeable  odour  of  thyme,  which  melt  at  44^ 
(11 1°'2  F.) ;  it  boils  at  230^  (446''  F.).  On  oxidation  with  sulphuric  acid  and 
manganese  dioxide  it  furnishes  thymoquinone,  C^^H^^O,.  A  number  of  substitu- 
tion derivatives  of  thymol  have  been  prepared,  but  little  is  known  of  their  pro- 
perties. It  is  stated  that  by  the  prolonged  action  of  chlorine  it  is  converted 
into  j>entachlorothymol,  and  iiiBipeTUabromothymol  is  produced  by  the  action  of 
bromine  in  sunlight;  when  bromine  is  added  to  a  solution  of  the  thymolsol- 
phonic  acid  formed  by  dissolving  thymol  in  sulphuric  acid,  a  bromothymol- 
sulphonic  acid  is  produced,  which  is  converted  by  the  further  action  of  bromine 
into  dibromothymol,  which  separates  as  an  oil  Similarly,  by  treating  the  sulpho- 
acid  with  nitric  acid,  a  crystalline  dinitrothymol  is  readily  produced,  and  it  is 
stated  this  may  be  converted  into  trinitrothymol  by  dissolving  it  in  a  mixture  of 
concentrated  mitric  and  sulphuric  acids  (LaUemand,  Ann.  Chem.  Fharm.,  ci.  119, 
cii.  119).  When  thymol  is  distilled  with  phosphoric  pentaohloride  the  OH 
group  is  displaced  by  chlorine,  and  from  the  chlorocymene  thus  produced  cymene 
may  be  obtained  by  the  action  of  nascent  hydrogen. 

Carvacrol:    C,H,«CjH,(CH,).OH,   the  isomeride  of  thymol  may  be  ob- 
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tamed  firom  the  sulpho-acid  prepared  from  cjmeiie  or  paramethylpropjlbeDzene  by 
fusing  it  with  potassic  hydrate,  and  by  heating  camphor  with  one-third  of  its  weight 
of  iodine ;  it  is  also  prodnced  when  canrol,  a  neatral  body  of  the  same  composi- 
tion as  oarvacrol,  which  is  a  constituent  of  oil  of  caraway,  is  warmed  with  a  small 
quantity  of  orthophosphoric  acid,  the  canrol  then  undergoing  isomeric  change. 
Carracrol  is  tat  oily  liquid  which  boils  at  about  333^  (451**4  F.).  Its  deriya- 
tives  have  not  yet  been  examined.  On  oxidation,  it  is  converted  into  thymo- 
quinone  identical  with  that  produced  from  thymol. 

The  cymene  obtained  from  thymol  is  identical  with  that  from  which 
oarvacrol  may  be  prepared ;  hence  it  follows  that  thymol  and  oarvacrol  are  both 
derivatives  of  the  same  paramethylpropylbenzene  or  cymeae,  and  this  conclusion 
is  confirmed  by  the  observation  that  both  furnish  thymoquinone  on  oxidation. 
The  position  of  the  OH  group  may  readily  be  deduced  from  the  fact  that  thymol 
18  converted  into  metacrenol,  and  oarvacrol  into  orthocre»o\,  by  the  action  of 
phosphorio  anhydride :  it  will  be  evident  on  comparing  the  following  symbols 
that  in  thymol  the  OH  group  is  in  the  meta-position  relatively  to  the  methyl-group, 
whilst  in  carvacrol  it  occupies  the  ortho-position : 


CH. 


\/ 


OH 


Cymene. 


Metacmol. 


CH,  CH, 


/\0H 


\/ 


Orthocretol. 


(1483)  Sycocetylic  Alcohol:  CjgH^^.OH. — This  alcohol  is  produced  by 
treating  sycooerylic  acetate,  a  constituent  of  the  resin  of  Mens  rubiginosa  from 
New  Soutii  Wales,  with  sodic  ethylate.  It  forms  very  slender  crystals,  which 
melt  at  90°  (194°  F.),  and  distils  partly  undecomposed.  Little  is  known  of  the 
properties  of  this  body  (De  la  Bue  and  Miller,  Jowr,  Chem.  Soc,  v.  62). 

In  concluding  this  brief  account  of  the  alcohols  derived  from  the  hydro- 
carbons  of  the  b^izene  series,  we  may  refer  the  student  to  Watts'  "  Dictionary  of 
Chemistry,"  voL  iv.  and  ist  and  2nd  supplement,  for  further  particulars  as  to 
their  preparation  and  properties. 


§  Y,  MoNOHYDBic  Alcohols  deriysd  from  Hydrocarbons 

ISOLOGOUS    WITH   BeNZENE. 

(1483)  Alcohols  derived  from  the  Hydrocarbom  of  the 
CnHjn^g  or  Cinnamene  Series. — Only  four  are  known — ^viz., 
cinnamic  alcohol  and  the  phenol  anal,  both  of  which  have  the 
composition  C^H^^O^  and  the  isomeric  bodies^  choksterin  and  iso- 
cholesterin,  Cj^H^O. 

Cinnamic  Alcohol :  CgHg.CHZI CH.CHj(OH),  is  obtained  on 
distilling  cinnamic  cinnamate  or  styraciii  (a  constituent  of  liquid 
storax  and  of  Peru  balsam),  Cj^HyOg.CgHg,  with  a  concentrated 
solution  of  potassic  hydrate. 

It   crystaJtizes  in  colourless  glistening  needles  possessing  a 
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pleasant  odour^  sparingly  soluble  in  water,  but  readily  soluble  in 
alcohol;  it  melts  at  33°  (9i°'4  P.)>  and  boils  at  250°  (482°  F.). 
When  carefully  oxidized,  it  furnishes  cinnamic  acid,  C^HgOj.  It 
combines  directly  with  bromine^  forming  the  compound 
C^jHg.CHBr.CHBr.CHjlOH) ;  on  treatment  with  hydrochloric 
acid  gas,  it  furnishes  chlorocinnamene,  CgHg.CHmCH.CHjCl ; 
by  the  action  of  nascent  hydrogen  it  is  in  part  converted  into 
allylbenzene^  and  in  part  into  phenylpropylic  alcohol. 

Anol  or  AUylphenol :  CjHg.C^H^.OH,  is  prepared  by  carefully 
heating  anethol,  CjHg.CgH^.OCHj,  with  fused  potassic  hydrate  ; 
the  product  is  dissolved  in  water,  and  on  adding  an  acid  the 
anol  is  precipitated  in  yellow  flocculi.  In  thus  precipitating  it 
from  the  alkaline  solution  it  is  necessary  to  keep  the  liquid  cold, 
or  it  separates  as  a  black  oil,  which  soon  resiniHes. 

Anol  crystallizes  from  hot  water  in  white  glistening  plates, 
which  melt  at  9a°-5  (i98°-5  F.);  it  boils  at  about  250°  (482°  F.). 
It  dissolves  in  alcohol,  ether,  and  chloroform  :  it  does  not  always 
crystallize  from  these  solutions,  but  sometimes,  especially  when 
the  solution  is  exposed  to  the  air,  it  passes  into  the  condition  of 
a  brown  liquid  insoluble  in  water. 

Cholesterin :  Cg^H^.OH,  is  a  substance  which  occurs  very 
frequently  both  as  an  animal  and  a  vegetable  product.  It  is 
present  in  various  parts  of  the  animal  system ;  in  biliary  calculi, 
of  which  it  sometimes  constitutes  nearly  the  entire  substance  ; 
in  the  yolk  of  egg  ;  in  the  fat  extracted  from  the  fleece  of  sheep, 
chiefly  in  the  form  of  ethereal  salts  of  acids  of  the  acetic  and 
oleic  series ;  and  in  various  vegetable  substances,  in  the  fixed 
oils,  for  example,  and  seeds  such  as  peas,  wheat,  and  maize. 

Cholesterin  is  tasteless,  inodorous,  insoluble  in  water,  and 
sparingly  soluble  in  cold  alcohol,  but  easily  soluble  in  boiling 
alcohol ;  it  crystallizes  with  a  molecule  of  water  in  thin  white 
shining  plates,  which  melt  at  about  144°  (291^*2  F.).  Its  solu- 
tions exert  a  laevorotatory  action  on  polarized  light.  On  adding 
sodium  to  a  solution  of  cholesterin  in  petroleum,  sodic  cholestery- 
late,  CggH^.ONa,  is  formed  with  evolution  of  hydrogen.  By  the 
action  of  phosphoric  pentachloride,  or  by  heating  with  concen- 
trated hydrochloric  acid,  the  OH  group  in  cholesterin  may  be 
displaced  by  chlorine.  Cholesterylic  chloride,  Cg^H^Cl,  is  a 
crystalline  substance,  which  melts  at  100°  (212®  F.);  when 
digested  with  ammonia,  it  furnishes  cholesterylamine,  Cj^H^.H^N, 
which  crystallizes  in  colourless  plates  melting  at  104®  (2i9°'2  F.). 
Cholesterin  also  enters  into  reaction  with  acids,  forming  ethereal 
salts :  thus,  by  heating  it  with  benzoic  acid  at  200^/392°  F.),  it 
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is  converted  into  cholesterylic  benzoate,  CggH^gO.C^HgO,  which 
crystallizes  from  ether  in  small  glistening  plates,  melting  at  150^ 
(302°  P.)  (Schiilze,  Joum.  pr,  Chem.  [2],  vii.  163)  ;  the  acetate, 
Cg^H^O.CgHgO,  formed  by  the  action  of  acetic  chloride,  crys- 
tallizes in  small  colourless  needles,  which  melt  at  92°  (i97°'6  P.) 
(Loebisch,  Deut.  chem.  Ges,  Btr.,  v.  510).  Cholesterin  com- 
bines with  a  molecule  of  bromine,  forming  the  compound 
CggH^^Brj.OH  ;  this  crystallizes  in  small  colourless  needles,  melting 
at  147°  (2g6^'6  P.)^  and  is  reconverted  into  cholesterin  by  the 
action  of  nascent  hydrogen  (Wislicenus  and  Moldenhauer,  Ann. 
Chem.  Pharm.y  cxlvi.  175).  By  oxidation  with  potassic  dichromate 
and  sulphuric  acid,  cholesterin  is  converted  into  a  white  amorphous 
acid,  having  the  composition  of  oxycholic  acid,  Cg^H^O^,  small 
quantities  of  acids  of  the  acetic  series  being  also  produced 
(Loebisch;  compare  Latschinoff,  Deui,  chem.  Ges.  Ber.y  ix.  131 1). 

hocholesterin  accompanies  cholesterin  in  wool- grease  (Schulze, 
loc.  cii.).  It  separates  from  a  dilute  alcoholic  solution  in  white 
flocculi,  but  a  hot  concentrated  solution  solidifies  on  cooling  to  a 
transparent  jelly ;  it  crystallizes  from  ether  and  acetone  in  fine 
transparent  needles,  which  melt  at  137° — 138°  (278°'6 — 28o°-4  P.). 
Isocholesterylic  benzoate  separates  from  ether  as  a  crystalline 
powder,  which  under  the  microscope  is  seen  to  consist  of  fine 
needles;  it  melts  at  190°  (374°  P.).  Phosphoric  pentachloride 
converts  it  into  the  chloride  CggH^Cl.  If  cholesterin  is  dissolved 
in  a  small  quantity  of  chloroform  and  the  solution  shaken  with 
an  equal  volume  of  concentrated  sulphuric  acid,  the  chloroform 
quickly  becomes  blood-red  and  then  cherry-red  or  purple,  but 
isocholesterin  does  not  exhibit  this  behaviour. 

(1484)  Alcohols  derived  from  Naphthalene.  Naphthoic. — 
When  the  SO3H  group  in  the  two  isomeric  sulphonic  acids  produced 
by  the  action  of  sulphuric  acid  on  naphthalene  is  displaced  by  OH, 
in  the  usual  manner,  by  fusing  their  potassic  salts  with  potassic 
hydrate,  &tc.,  two  isomeric  alcohols,  a-  and  fi-naphihol,  C^qUj.OU, 
are  obtained,  which  bear  precisely  the  same  relation  to  naphtha- 
lene that  phenol  bears  to  benzene,  and  which  closely  resemble 
phenol  in  properties ;  these  naphthols  may  also  be  prepared  from 
a-  and  /3-amidonaphthalene,  or  naphthylamine,  CjQHy.HgN,  by 
Griess's  method  (Schaefifer,  Ann.  Chem.  Pharm.,  clii.  279  ;  Maiko- 
par,  Zeits.  Chem.  [2],  v.  215). 

Both  are  colourless  crystalline  substances,  easily  soluble  in 
alcohol,  ether,  chloroform,  or  benzene,  but  sparingly  soluble  in 
hot  water  and  almost  insoluble  in  cold  water.  a-Naphthol  crys- 
tallizes from  water  in  small  needles,  )3-naphthol  in  lamip«e  :  the 
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crystals  of  tbe  former  belonging  to  the  monoclinic,  and  those  of 
the  latter  to  the  rhombic  system.  a-Naphthol  melts  at  about 
95°  {203°  F.),  and  boils  at  278°— 280°  (532°-4— 536''  P.) ;  it  hiis 
a  faint  odour  resembling  that  of  phenol.  /3-Naphthol  melts  at  123° 
(253°'4r.),  and  boils  at  285° — 290°  (554°  F.);  it  is  almost  odour- 
less. a-Naphthol  readily  volatilizes  with  the  vapour  of  water, 
but  the  )3-compound  volatilizes  only  to  a  very  slight  extent. 
The  aqueous  solution  of  a-naphthol  becomes  dark  violet  on  adding 
bleaching  powder  solution,  and  red,  passing  to  violet,  when  ferric 
chloride  is  added ;  the  solution  of  /3-naphthol  is  coloured  pale 
yellow  by  bleaching  powder  solution,  and  pale  green  by  ferric 
chloride.  The  naphthols  dissolve  readily  in  alkalies,  and  sodium 
and  potassium  act  upon  them  with  evolution  of  hydrogen;  but  their 
metallic  derivatives  are  far  less  stable  than  those  of  phenol,  and 
are  decomposed  when  their  aqueous  solutions  are  evaporated.  By 
the  action  of  carbonic  anhydride  on  their  sodium  derivatives,  the 
Bodic  salts  of  oxy^acids  are  produced,  corresponding  to  those 
obtained  in  a  similar  manner  from  the  phenols.  On  warming 
with  concentrated  sulphuric  acid,  they  are  dissolved  and  converted 
into  naphtholsulphonic  acids,  C^QHg(0H).S03H. 

By  distilling  /3-naphthol  with  phosphoric  pentachloride  it  is 
converted  into /3-chloronaphthalene  (1368),  CjqH^CI  (Rimarenko, 
Deut.  chem.  Ges,  Btr.,  ix.  663).* 

The  only  haloid  derivative  of  naphthol  at  present  known  is 


•  According  to  Rimarenko,  /3-chloronaphthalene  melts  at  56**  (i32®*8  F), 
and  boils  at  264° — 266°  (507°-2 — Sio'^'S  F.).  Atterberg,  in  a  recent  commu- 
nication {ibid.,  ix.  926),  Htuti's  that  the  chloronaphthalene  obtained  from  nitro- 
naphthalene  (1367)  is  the  a-compound,  and  not  tiie  isomeric  /3*derivatLve  as  he 
formerly  supposed. 

a-Chloronaphthalene  is  converted  by  the  action  of  cold  nitric  acid  of  sp.  gr. 
1*4  into  a  nitro-a-chloronaphthalene,  which  crystallizes  in  fine  pale-yellow 
needles,  melting  at  85°  (185°  F.);  this  compound  furnishes  a-naphthylamine 
on  reduction  (Atterberg).  When  a-chlpronaphthalene  is  treated  with  fuming 
nitric  acid,  a  dinitro-a-chloronaphthalene  melting  at  180°  (356°  F.)  is  produced, 
together  with  that  melting  at  105**  (221°  F.):  the  quantity  obtained  being 
greater,  the  higher  the  temperature  at  which  the  nitration  is  effected  (Atterberg). 
Some  light  has  recently  been  thrown  on  the  formation  of  isomeric  chloro- 
naphthalenes  from  naphthalene  by  the  discovery  that,  when  pure  naphthalene 
tetrachloride  (1367)  is  decomposed  by  an  alcoholic  solution  of  potassic  hydrate, 
apparently  only  a-dichloronaphthalene  melting  at  36°  {g6^'S  F.)  is  produced  ; 
whereas,  when  it  is  decomposed  by  rapidly  heating  small  quantities  to  boiling, 
chiefly  the  isomeric  /3-compound  melting  at  68°  (I54°'4  F.)  id  obtained,  and  by 
heating  larger  quantities  and  maintaining  the  liquid  in  the  state  of  gentle 
ebullition  until  hydrochloric  acid  ceases  to  be  evolved,  a  mixture  of  iS-dichloro- 
naphthalene  with  a  considerable  amount  of  the  a- compound  is  formed  (Krafit 
and  Becker,  »&»(£.,  ix.  1088).  ^  , 
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the  dibrom-a-naphlhol,C^Qll. Br^.OR,  which  is  produced  on  adding 
bromine  to  a  solution  of  a-naphthol  in  acetic  acid.  It  crystallizes 
in  long  colourless  glistening  needles,  which  melt  at  1 1 1°  (23 1°*8  F.). 
It  is  readily  converted  into  trioxy naphthalene,  CiQH5(0H)g,  by 
treatment  with  an  alcoholic  solution  of  potassic  hydrate  (Bieder- 
mann,  ilnd,,  vi.  11 19). 

(1485)  Niiroso'y  Nitro-,  and  Amido'derivatives  of  a-  and  ^'Naphfhol. — 
When  submitted  to  the  action  of  nitroun  acid,  a-naphthol  furnisheH  a  mixture 
of  two  isomeric  nitrosonaphthols,  Cj^,Hg(NO).OH  (Fuchj*,  ibid.,  viii.  625). 
a-Nitroso-a-Naphthol  crystallizes  in  needles,  and  when  precipitated  from  its 
solution  in  alkalies  by  the  addition  of  an  acid  is  of  a  pure  white  colour ;  it  melts 
between  175°  and  185®  (347°  and  365°  F.),  but  undergoes  decomposition. 
ff-Nitroso-a-Naphthol,  which  is  the  chief  product,  is  yellow,  and  melts  at 
145° — 150°  (293° — 302**  F.),  but  is  also  decomposed;  it  is  easily  soluble  in 
benzene,  in  which  tjie  isomeride  is  only  sparingly  soluble. 

The  preparation  of  nitro-derivatives  direcily  from  the  naphthols  is  extremely 
difficult,  a-naphthol  being  almost  entirely  converted  into  resinous  substances  by 
the  action  of  nitric  acid  ;  they  are  readily  procured  by  indirect  methods  however  : 
thus,  by  boiling  the  two  isomeric  nitro-derivatives  produced  on  nitrating 
acet-a-amidonaphthalene*  (pp.  349.  350)  with  sodic  hydrate  solution,  they  are 
converted  into  the  sodium  derivatives  of  the  corresponding  nitronaphthols 
(Biedermann  and  Andreoni,  ibid,,  vi.  342  ;  Biedermann,  vi.  1117 ;  Liebermann 
and  Dittler,  vii.  240 ;  Liebermann,  viii.  680) : 

CioW«(NO,).NH(C,H,0)  +  2NaOH  =  C,„H.(NO,).ONa  +  NH,  +  Na  C,H,0,. 

The  two  nitro-a-naphthols  may  also  be  obtained  by  carefully  oxidizing  the 
corresponding nitrosonapbthols  (Fuchs),  and  a-nitro-anaphthol  is  produced  in 
pmall  quantity  when  a  mixture  of  l  pt.  nitronaphthalene,  I  pt.  potassic  hydrate, 
and  2  pte.  slaked  lime  is  heated  to  140°  (284°  F.),  in  a  retort  through  which  a 
current  of  oxygen  or  air  is  slowly  passed  ;  the  latter  method,  which  is  due  to 
Dusart,  has  been  employed  for  the  preparation  of  nitronaphthol  on  the  large  scale, 
this  compound  being  used  as  a  yellow  dye,  but  on  account  of  the  smallness  of  the 
yield  it  is  no  longer  manufactured  (Darmstaedter  and  Nathan,  ibid,,  iii.  943 ; 
liiebermann  and  Dittler,  vii.  244). 

a-Niiro-a-Naphthol,  which  is  obtained  from  the  nitro-a-amidonaphthalene 
melting  at  191°  (3 7 5*^*8  F.),  is  very  soluble  in  alcohol,  from  which  it  crystallizes 
in  very  slender  lemon-yellow  interlaced  needles;  it  melts  at  164°  (327°'2  F.). 
P-Nitro-a-Naphtholy  from  the  nitro-a-amidonaphthalene  which  melts  at  159** 
(3i8°'2  F.),  is  much  less  soluble  in  alcohol,  and  crystallizes  in  isolated  needles 
much  thicker  than  those  of  its  isomeride ;  it  melts  at  128°  (262°*4  F.).  They 
dissolve  in  alkaline  solutions  and  decompose  metallic  carbonates,  forming  metallic 


*  The  product  obtained  on  nitrating  acet-a-amidonaphthalene  is  a  mixture 
of  three  isomeric  bodies,  two  of  which,  however,  melt  at  the  same  temperature 
(171°  C.),  but  are  converted  by  the  action  uf  alkalies  into  distinct  nitro-a-amido^ 
naphthalenes  melting  respectively  at  191°  and  159**  C. ;  the  third  ispmeride  melts 
at  189°  C,  but  also  furnishes  the  nitro-a-amidonaphthalene  melting  at  191°  C. 
(Liebermann  and  Dittler,  ibid,,  vii.  240).  The  nature  of  the  isomerism  between 
the  two  compounds  which  furnish  the  same  nitro*aniidonaphthalene  is  not  yet 
explained,  but  it  appears  probable  that  they  belong  to  the  class  of  "  physical 
iBomerides."  ^  I 
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derivatives  which  cryBtallize  well,  and  are  ino»tly  of  a  red  colour.  Both  a-and-3- 
nitro-a-naphthol  furnish  phthalic  acid  on  oxidation  witli  nitric  acid,  which  is  a 
proof  that  the  NO,  and  OH  group  in  each  of  them  are  in  the  same  benzene 
nucleus. 

The  nitronaphthols  are  converted  by  reduction  into  corresponding  amido- 
naphthols,  the  hydrochlorideR  of  which  may  be  obtained  in  colourless  crystals ; 
a-amido-a-naphthol  readily  furnishes  naphthaquinoue  on  oxidation,  but  this 
compound  cannot  be  obtained  from  /9-amido-a-naphthol  (Liebermann  and  Dittler, 
ibid,,  vii.  243). 

Dinitro-a-naphthol,  Cj^jH,(NO,),.OH,  which  is  the  final  product  of  nitra- 
tion that  can  be  obtained  from  a-naphthol,  may  be  produced  by  the  action  of 
nitric  acid  on  the  nitroso-  and  nitro-a-naphthols  (Fuchs),  or  on  a-naphthol- 
sulphonic  acid  (Darrostaedter  and  Wicbelhaus,  ibid,,  ii.  113)1  and  by  displacing 
the  NH,  group  in  dinitro-a^amidonaphthalene  by  OH  by  boiling  it  with  a  solu- 
tion of  sodic  hydrate  (Liebermann  and  Hammerschlag,  ibid-^  iz-  333)-  ^t;  may 
also  be  prepared  by  adding  potassic  nitrite  to  a  solution  of  a-naphthylamine 
hydrochloride,  and  subsequently  heating  the  solution  with  nitric  acid  (Martins)  ; 
the  niiphthylamine  salt  is  thus  converted  into  diazonaphthalene  hydrochloride, 
which  is  decomposed  on  warmiog  with  water,  and  the  naphthol  produced  is  at 
once  converted  into  the  dinitro-compound  by  the  nitric  acid  present.  It 
crystallizes  in  sulphur-yellow  needles,  which  melt  at  138®  {28o**'4  F.);  it« 
metallic  derivatives  are  orange  or  red  in  colour,  and  the  nitro-compound  itself  is 
one  of  the  most  beautiful  of  yellow  dyes.  On  boiling  with  nitric  acid  it  fur- 
nishes phthalic  acid. 

By  the  action  of  npBcent  hydrogen,  dinitro-a-naphthol  is  converted  into 
diamido-a-naphthol,  C^^Ji^]l^^,OK ;  the  hydrochloride  of  this  compound  is 
converted  into  the  hydrochloride  of  the  so-called  diimidonaphthol  on  treatment 
with  ferric  chloride,  and  by  heating  the  latter  with  water,  the  so-called  oximido^ 
naphthol  is  produced,  which  furnishes  oxynaphthaquinone  when  boiled  with 
hydrochloric  acid  (Graebe  and  Ludwig,  Ann.  Chem.  JPharm.,  cliv.  303) : 

C^^hJnH.   +    Fe.Cl.   =   C^H.iNHr+    ^^^^^   +  ^^^ 


Jnh}    +  oh,   =   C,.H,iNH}    +   ^°' 
I  NH,  ( OH. 

I.HiSH}+   OH.   +  HC1-C..H.    («}    + 

(oh  (oh 


i   \  I 

(NH, 

DiamidonaphthoL 


C..H, 


NH.a. 


Oxynaphthaqalnone. 


Dinitro'p-naphthol,  the  only  nitro-derivative  of  /3-naphthol  at  present 
known,  is  produced  on  treating  an  alcoholic  solution  of  /3-naphthol  with  dilute 
nitric  acid.  It  crystallizes  in  pale  yellow  needles,  which  melt  at  195^  (383°  F.). 
It  furnishes  a  number  of  difficultly  soluble,  yellow  or  red  metallic  derivatives 
CVVallach  and  Wichelhaus,  Deut.  chem.  Ges.  JBer.,  iii.  846). 


*  Graebe  and  Ludwig  assign  to  this  compound  the  formula  Cj^jHYOH)  <  ^fj  t , 

and  they  assume  that  in  its  formation  from  diamidonaphthol  each  of  the  NH, 
groups  in  the  latter  is  deprived  of  an  atom  of  hydrogen,  and/^at  theimtrogen 
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(i486)  Constitution  of  the  Naphthol  Derivatives, — The  manner  in  which 
the  constitution  of  the  naphthola  themselves  may  he  inferred  has  already  heen 
explained  (1366;.  The  constitution  of  their  derivatives  has  not  yet  heen 
experimentally  demonstrated  in  the  same  rigorous  manner  as  that  of  the  phenol 
derivatives,  hut  the  close  agreement  in  general  hehaviour  hetween  phenol  and 
the  naphthoU,  and  in  the  properties  of  their  derivatives,  appears  to  warrant  the 
conclusion  that  the  constitution  of  the  naphthol  derivatives  is  similar  to  that  of 
the  corresponding  phenol  derivatives  produced  under  similar  conditions. 
Applying,  therefore,  to  the  naphthols,  the  law  of  suhstitution  which  ohtains  in 
the  case  of  phenol,  we  may  represent  their  nitro-derivatives  in  the  following 
manner: 

OH  OH  OH  NO, 

.NO.  ^       ^  ^ 


NO,  NO, 

a-NItn>«p]uiphthol.       /9-Nitro-a-naphthoL  Dinitro-ariutphtbol.  Dinitro-^-nsphthoL 

The  relation  which  the  so-called  diimodonaphthol  and  oximidonaphthol  prohahly 
bear  to  diamido-a-naphthol  is  indicated  by  the  following  formulsB : 


NH. 

SUmido-a-nAphthoL 


HN 


?  DiimidonapbtboL 


HN 

P  OximidonaphthoL 


atoms  then  become  united  by  one  affinity  of  each ;  but  according  to  oor  view  of 
the  constitution  of  diamidonaphthol  and  of  the  quinones,  it  appears  more  prohable 
that  only  one  of  the  NH,  groups  loses  an  atom  of  hydrogen,  the  seoond  being 
withdrawn  from  the  OH  group ;  if  this  be  the  case,  the  so-called  diimodo- 
naphthol is  the  amido-derivative  of  a  compound  intermediate  between  naphtha- 
quinone  and  diimidonaphthalene : 

Naphthaqiiinone.  DUmidomphtbalene, 

According  to  Heintzel  {Jounu  pr.  Chem.,  c.  193),  triamidophenol  (1469)  ex- 
hibits a  similar  behaviour,  its  hydrochloride  being  converted  on  exposure  to  air 
into  the  hydrochloride  of  a  compound  to  which  Kekul6  {Lehrhuch,  iii.  66)  has 

(NH) 
assigned  the  formula  C,H,(OH)  <  NH  j  ,  but  which    i»    more  probably   the 

|nh, 

diamido-derivativeof  an  "  imidoquinone,"  CjH,(NH,),  \  ^ct  1"  5  by  boiling  with 

water  it  is  converted  into  the  hydrochloride  of  a  new  compound,  which  is  perhaps 
formed  by  the  displacement  of  one  of  the  NH,  groups  by  OH,  and  may  there- 

|0H 
fore  be  represented  by  the  formula  C.H,(NH,)  J  NH  )  • 
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We  may  here  also  direct  attention  to  the  conclusion  which  may  be  drawn  as 
to  the  constitution  of  the  two  isomeric  dinitronaphthalenes  produced  on  nitrating 
naphthalene  (1370),  if  the  formula  above  given  is  the  correct  expression  of  the 
constitution  of  dinitro-a-naphthol,  and  if  naphthaquinone  id  analogous  in  consti- 
tution to  ordinary  quinone  (p.  349).  Thus,  according  to  Liebermann  and 
Hammerschlag  {Deut.  ckem.  Ges.  Bar.,  ix.  333),  the  dinitronaphthalene  firom 
which  dinitro-a-naphthol  is  derived,  and  which  may  be  obtained  by  displacing 
the  NH,  group  in  diuitro-a-amidonaphthalene  by  hydrogen,  is  not  identical  with 
either  of  the  dinitronaphthaUnes  from  naphthalene;  moreover,  the  diamidonaph- 
thalenes  obtained  on  reducing  the  latter  do  not  famish  any  naphthaquinone  on 
oxidation,  whereas  the  diamidonaphthalene  from  the  nitro-a-amidonaphthalene 
which  is  convertible  into  a-nitro-a-naphthol  readily  furnishes  naphthaquinone  on 
oxidation  (Liebermann  and  Dittler,  ibid,,  vi.  949).  Hence  we  may  conclude 
that  in  neither  of  the  two  dinitronaphthalenes  from  naphthalcpe  are  the  NO, 
groups  relatively  in  the  position  i  :  4  or  i  :  3,  since  that  in  which  the  NO, 
groups  are  in  the  position  i  :  4  would  furnish  a  diamidonaphthalene  yielding 
naphthaquinone  on  oxidation,  whilst  that  in  which  NO,  :  NO,  =  1:3  would  be 
identical  with  the  dinitronaphthalene  from  dinitro-a-amidonaphthalene.  There- 
fore, in  one  of  the  two  dinitronaphthalenes  from  naphthalene,  the  NO,  groups  are 
probably  in  the  position  i  :  2  in  the  same  nucleus,  whilst  the  other  is  doubtless 
formed  by  the  displacement  of  two  atoms  of  hydrogen  in  different  nuclei.  This 
result  is  of  interest,  as  it  indicates  that  the  displacement  of  hydrogen  in  naph- 
thalene is  not  necessarily  confined  to  the  one  nucleus,  although  this  appears  to 
be  more  generally  the  case. 

(1487)  Alcohols  derived  from  Hydrocarbons  of  the 
CnH2n_i4  Series. — Four  monohydric  alcohols  derived  from  hydro- 
carbons of  the  diphenyl  series  are  at  present  known  to  us,  viz. : 

M.P.  •^  c. 

Paraphenylphenol . C.H^.C.H^.OH      165*" 

Benzylphenol C,H,.CH,.C.H^.OH       84* 

Diphenylcarbinol (C.HJ^CH.OH       68° 

Tolylphenylcarbinol     .     ,     .  C,H,.CH,.C(C,HJH.OH        62"* 

Paraphenylphenol  or  Oxy diphenyl :  C^Hg.CgH^.OH,  is  obtained 
by  displacing  the  SO3H  group  in  diphenylparasulphonic  acid  by 
OH  by  fusing  it  with  potassic  hydrate,  &c.  (Engelhardt  and 
Latschinoff,  Deut,  chem.  Ges,  Ber,,  vi.  194) ;  it  may  also  be  pro- 
•  duced  from  the  amidodiphenyl  obtained  on  reducing  paranitro- 
diphenyl  (Osten,  idid,,  vii.  173).  It  crystallizes  in  minute  needles, 
which  melt  at  164*^ — 165°  (327°a — 329°  F.),  and  boils  at 
3^5 — 3^^°  (581° — 586°'4  F.);  it  is  easily  soluble  in  alcohol  and 
solutions  of  caustic  alkalies,  and  volatilizes  with  the  vapour  of 
water.  It  does  not  produce  a  coloration  with  ferric  chloride. 
hj  the  action  of  concentrated  sulphuric  acid,  it  is  converted  into  a 
mixture  of  mono-  and  di-sulphonic  acids.  On  nitration  it  furnishes 
a  mixture  of  a  mono-  and  a  dinitro-derivative ;  the  mononitro- 
compound,  CgH5.C8H3(NOa).OH,  crystallizes  in  lemon-yellow 
prisms,  and  melts  at  67°  {i^2°'6  F.),  whilst  the  dinitro-deriva- 
tive, CeHj.CeH2(N02)2'OH,  crystallizes  in  gdden^yeUow  jglates. 
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and  melts  at  154°  (309°- Ji  P.) ;  only  the  former  volatilizes  with  the 
vapour  of  water.  Both  furnish  red  metallic  derivatives,  but  those 
of  the  mono-nitro-compound  are  extremely  unstable.  Oxydiphenyl 
is  converted  into  parachlorodiphenyl  when  distilled  with  phos- 
phoric pentachloride  (1374). 

Benzylphenol :  CgHg.CH^.C^H^.OH,  is  the  product  of  the  action  of  benzjlic 
chloride  on  phenol'  in  presence  of  zinc;  it  is  probable  that  the  para-  and 
ortho-modifications  are  formed  simultaneously  in  this  reaction,  although  only  a 
single  benzylphenol  has  been  isolated.  Beuzylphenol  crystallizes  in  white  silky 
Deedles  or  lustrous  plates,  soluble  in  alcohol,  ether,  beuzene  and  alkaline  solu* 
tions;  it  melts  at  84"  (i83°'2  F.).  When  heated  with  concentrated  sulphuric 
acid,  it  is  converted  into  a  disulphonic  acid,  and  bromine  gives  rise  to  a  crystalline 
body,  melting  at  about  175°  (347°  F.),  which  is  probably  a  dibromo-derivative. 
By  the  combined  action  of  sodium  and  carbonic  anhydride,  it  is  converted  into 
the  sodium  salt  of  benzyloxybenzoic  acid,  C^H^.CH,.C,H,(OH).COOH  (Paterno, 
Journ,  Chem.  Soc.,txv.  702;  xxvii.  371). 

The  acetate,  C,H,.CH,.C,H^.0(QH30),  formed  by  the  action  of  acetic  chloride, 
is  a  liquid  which,  on  exposure  to  the  air,  absorbs  water  and  becomes  decomposed. 
The  corresponding  benzoate  crystallizes  in  thin  plates  and  glistening  needles ;  it 
melts  at  86^  (186^*8  F.),  and  is  not  decomposed  by  water  or  an  aqueous  solu- 
tion of  potassic  hydrate.  The  behaviour  of  benzylphenol  on  oxidation  has  not 
been  investigated,  but  from  its  mode  of  formation  it  is  probable  that  it  is  a  para- 
derivative  of  phenol,  and  that  it  would  yield  paroxybenzoic  acid. 

Diphenylcarbinol  or  Benzhydrol :  (CgH^),CH.OH,  is  formed  by  treating 
dipheny  I  ketone,  CjH^.CO.C^Hg,  dissolved  in  dilute  alcohol,  with  sodium  amalgam. 
It  crystallizes  in  slender  silky  needles,  which  melt  at  68°  (154**  4  F.),  and 
boils  at  about  298°  (568^*4  F.),  being  partially  decomposed  and  converted  into 
the  ether  (C,Hj)jCH.0.CH(C,Hj)2.  It  is  sparingly  soluble  in  water,  but  dissolves 
more  easily  in  alkaline  liquids ;  on  the  addition  of  water  to  a  concentrated  solu- 
tion of  potassic  hydrate  saturated  with  diphenylcarbinol,  the  alcohol  is  deposited 
in  the  crystalline  form.  It  dissolves  with  facility  in  alcohol  and  other  menstrua. 
On  treatment  with  bromine,  it  furnishes  a  crystalline  dibromo-derivative,  which 
is  not  affected  by  heating  with  moist  argentic  oxide  or  potassic  hydrate  solution, 
and,  therefore,  probably  has  the  formula  {C^Yi fiv)joK,0^.  On  oxidation,  it 
is  converted  into  diphenylketone  (Linnemanu,  Ann.  Chem,  Pkarm.,  cxxxiii.  6). 

Tolylphenylcarhinol  or  Toluylene  Hydrate:  C.H,.CH,.C(CgHJH.0H,i8 
obtained  on  treating  an  alcoholic  solution  of  deoxybenzoin  or  tolylphenyl- 
ketone,  C^Hj.CHj.CO.C^Hj,  with  sodium  amalgam  ;  and,  together  with  benzoic 
acid,  by  the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  hydrobenzoin, 
C.H^.CH(OH).CH(OH).CgH^.  It  crystallizes  in  long,  slender,  brittle  needles, 
insoluble  in  water,  but  very  soluble  in  alcohol  and  ether;  it  melts  at 
62**  (I43''*6  F.),  and  distils  without  decomposition.  It  is  very  readily  converted 
into  deoxybenzoin  by  oxidation.  On  treatment  with  bromine,  it  furnishes  bromo- 
tolane,  Cj^H^Br,  together  with  other  substances  not  yet  identified.  When 
boiled  with  dilute  sulphuric  acid,  it  is  converted  into  stilbene  or  toluylene,  C^^H^^, 
and  water  (Limpricht  and  Schwanert,  ibid,,  civ.  60). 


c.hJ 


(1488)  DiPHKNYLBNECABBiNOL  or.FYi«ore»6-4^coAoZ:    |        VCH.OH,  the 

C.hJ 

only  monohydric  alcohol  derived  from  the  hydrocarbons  of  the  CnHjQ.^j  series 
at  present  known  to  us,  is  obtained  by  the  action  of  sodium  amalgam  on  an 
alcoholic   solution  of  ^phenyleneketone    (1383).     It  crystallizes  in  hezagonsd 
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pUteJ*,  which  melt  at  153°  (307***4  F.) ;  when  heated  A)r  some  time  above  its 
fusing  point  it  is  converted  into  the  ether  (Cj^Hj^)jO.  It  readily  furnishess 
diphenyleneketone  on  oxidation  (Barbier,  Compt,  Rend.,  Ixxx.  1396). 

(1489)  Alcohols  derived  fbom  Anthbacene.  AnthroU. — By  fuaingthe 
potassic  salts  of  the  two  anthracenesulphonic  acids  (p.  373)  with  potassio  hydrate, 
they  may  be  converted  into  corresponding  oxyanthracenes  or  anthrols,  Cj^H^.OH 
(Linke,  c/bi^rn.  pr.  Chem,  [2],  xi.  227).  a- J nMro^ crystallizes  in  glistening  pale 
yellow  needles  and  plates,  insoluble  in  water,  but  easily  soluble  in  alcohol,  ether 
and  benzene;  it  decomposes  at  250°  (482^  E.),  without  fusing.  fi-Anthrol 
forms  yellowish  prisms,  less  soluble  in  alcohol  and  ether  than  the  a-<x>mpound ; 
when  heated,  it  also  decomposes  without  fusing.  Both  dissolve  in  sulphuric  acid, 
forming  sulphonio-acids,  and  furnish  bromo-derivatives  when  treated  with  bromine. 
They  dissolve  easily  in  alkalies,  and  when  the  solutions  are  heated  in  preaenoe 
of  air,  coloured  oxidation  products  separate  (comp.  Anthraquinone). 

(1490)  Tbiphenylcabbinol  :  C(C,H^),.OH,  is  formed  on  treating  triphenyl- 
bromomethane  with  water,  and  by  the  action  of  a  mixture  of  potassic  dichromate 
and  sulphuric  acid  on  .tripheny  I  methane  (1403).  It  crystallizes  from  alcohol, 
ether,  or  benzene,  in  which  it  is  easily  soluble,  in  brilliant  monoclinic  plates,  which 
melt  at  157°  (3i4°"6  F.);  it  boils  without  decomposition  at  a  temperature  above 
360°  (680°  F.).  It  dissolves  in  cold  concentrated  sulphuric  acid,  but  is  repre- 
cipitated  on  the  addition  ^f  .water.  On  treatment  with  bromine  or  nitric  acid,  it 
furnishes  substitution  derivatives  difficult  of  purification ;  the  nitro-derivative 
does  not  dissolve  in  alkj||itH;  When  its  solution  in  toluene  is  boiled  with  sodium, 
hydrogen  is  evolved  alfl  an  insoluble  pulverulent  sodium  derivative  produced. 
When  submitted  to  the  i^-tion  of  acetic  or  benzoic  chlorides  it  is  converted  into 
the  corresponding  acetate  or  benzoate,  but  these  compounds  are  decomposed  evea 
by  exposure  to  moist  aiift; 

§  VI.    DiHYDEic  Alcohols  of  the  CnHjnCOH)^  or 
Glycolic  Seribs.     The  Glycols. 

(1491)  The  alcohols  of  this  series  are  derived  from  the 
paraffins  by  the  displacement  of  two  atoms  of  hydrogen  by  twice 
the  group  OH,  but  dihydric  alcohols  having  very  different  pro- 
perties are  obtained,  according  as  the  two  atoms  of  hydrogen  which 
are  displaced  are  associated  with  the  same  or  with  different  atoms 
of  carbon :  those  in  which  the  two  OH  groups  are  attached  to 
different  carbon  atoms,  beilig  tolerably  stable  bodies,  distilling 
without  decomposition ;  Whilst  those  in  which  both  OH  groups 
are  united  with  the  same  carbon  atom  are  so  unstable  that  they 
cannot  be  isolated.  The  alcohols  of  the  former  class  are  termed 
glycols ;  those  of  the  latter  class  may  be  called  aldehydroU  on 
account  of  their  relation  to  the  aldehydes,  from  which  they  may 
be  regarded  as  formed  by  the  conversion  of  the  COH  group  into 
the  group  CH(0H)2  by  the  addition  of  the  elements  of  a  molecule 
of  water. 

As  we  have  already  pointed  out,  the  possibility  of  the  existence 
of  compounds  in  which  more  than  one  OH  group  is  associated  with 
the  same  carbon  atom  is  disputed  by  some  chemists,  chiefly  on  the 
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ground  that  they  cannot  be  isolated ;  and  the  existence  of  bodies 
of  the  ^'  aldehydroF'  class  is  explained  by  the  assumption  that  they 
are  mere  molecular  combinations  similar  to  salts  with  water  of 
crystallization :  chloral  hydrate,  for  example,  according  to  this 
view,  is  a  molecular  combination  of  trichloraldehyde  and  water, 
CClg.COH  +  OHg,  and  has  not  the  constitution  represented  by  the 
formula  CCl3.CH(OH)2.  We  are  acquainted, however, with  too  many 
instances  of  the  decomposition  of  bodies  by  heat  to  attach  much 
vreight  to  the  argument  drawn  from  the  instability  of  those  com- 
pounds in  which  we  may  suppose  two  OH  groups  to  be  asso- 
ciated with  the  same  carbon ;  atom  moreover^  the  mere  fact  that  a 
body  cannot  be  isolated  in  a  pure  state  is  no  proof  that  it 
cannot  exist  under  favourable  conditions.  But  the  most  impor- 
tant evideuce  that  aldehydrols  may  exist  is  furnished  by  the 
behaviour  of  the  aldehydes,  and  when  treating  of  these  com- 
pounds we  shall  have  occasion  to  show  that  many  of  their  reac- 
tions, which  otherwise  are  difficult  to  account  for,  are  at  once 
explained  in  a  simple  and  consistent  manner  if  it  be  assumed  that 
they  exist  in  aqueous  solution  as  "  aldehydrols/'  The  part  which 
these  bodies  appear  to  play  in  the  formation  of  aldehydes  from 
the  monohydric  alcohols  of  the  ethylic  series  by  oxidation  has 
already  been  indicated  (p.  418). 

(1492)  Methods  of  Preparing  Dihydric  Alcohols  of  the 
C„H2n(OH)2  Series. — ^The  most  general  method  of  preparing 
the  glycols  consists  in  acting  upon  the  dihaloid  derivatives  of 
the  paraffins,  in  which  the  two  atoms  of  halogen  are  associated 
with  different  carbon  atoms,  with  argentic  or  potassic  acetate,  and 
saponifying  the  resulting  acetates : 

CJI^Bt,   +  2AgC,H30,  =  C,H2,(C3H30,),   +    aAgBr. 

C„H^(C,H303),  +   aKHO  =   C,H^(OH),  +   2KC,H30,. 

CjH^Br,  -h  aKCjHjOg  =  C^^.iC^^fii)^  +  aKBr. 

a-Dibromethane.  Ethjlenio  acetate. 

(Ethylenic  bromide.) 

CjH^(CjH,Os^j  +  aKHO  =  C,H^(OH),  +  aKC,HjO,. 

Ethylenie  acetate.  Glycol. 

(Ethylenic  alcoboL) 

Usually  the  dibromopar&ffinB  are  employed,  as  they  are  far  more  readily 
a4;ted  upon,  and  also  more  readily  prepared,  than  the  dichloroparaffinH ;  and,  with 
one  exception,  all  the  aloohols  obtained  by  this  method  have  been  prepared  from 
the  dibromoparaffins  formed  by  combining  the  olefines  with  bromine.  When 
argentie  acetate  is  osed  to  effect  the  convention  of  the  dihaloid  paraffin  into  the 
diaoetate,  it  is  mixed  with  a  small  quantity  of  glacial  acetic  acid  ;  the  reaction 
QBually  takes  plaoe^  if  not  at  ordinary  temperatures,  on  warming  on^ the. water 
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bath.     The  saponification  of   the  acetate  is  effected  either  by   dry  pota»Bic 
hydrate,  added  in  ulight  exceiis,  or  by  a  concentrated  solution  of  baric  hydrate. 

A  second  general  method  of  preparing  glycols,  which,  how- 
ever, gives  rise  only  to  glycols  of  a  particular  kind  termed 
pinacones,  consists  in  submittiog  the  ketones  of  the  C0(C^H2n  ^  i)^ 
series  to  the  action  of  nascent  hydrogen  : 

,       ^  C(CH3)3.0H 

'^'  C(CH3)3.0H 

Acetone.  Tetrametbylglycol  or  {rinaoone. 

(1493)  Classification  of  the  Glycols. — ^The  glycols,  like  the 
binols,  may  be  classified  in  several  groups,  according  to  their 
constitution.  Glycols,  such  as  the  first  term  of  the  series, 
(HO)H,C.CH3(OH),andpropyleneglycol(HO)H3q.CH3.CH3(OH), 
in  both  of  which  the  group  CH2(0H),  characteristic  of  the 
primary  carbinols,  is  contaiifed  twice,  are  conveniently  termed 
primary  glycols  ;  in  a  similar  manner,  those  which  contain  the 
group  CH(OH)  twice  m|(^e  termed  secondary  glycols,  and  those 
in  which  no  hydrogen  atoms  are  associated  with  either  of  the 
cai'bon  atoms  to  which  the  two  OH  groups  are  united  may  be 
designated  tertiary  glycols. 

The  following  are  examples  of  these  three  classes  of  glycols ; 

Primary  glycol.  Secondary  glycol.  Tertiary  glycol. 

CHj(OH)  CHj.CH(OH)  C(CH3)3.0H 

CH3(0H)  CH3.CH(0H)  C(CHg)3.0H 

Glycol.  a-Dimethylglycol.  Tetramethylglyool. 

But  glycols  which  are  in  part  primary,  and  in  part  secondary 
or  tertiary,  or  in  part  secondary  and  in  part  tertiary,  may  also 
exist,  such  as,  for  example : 

Frimary-eecondary.  Primary-tertiary.  Secondary-tertiaxy. 

CH.  CH, 

I  '  I  * 

CH.OH      C(CHj)3.0H     CH.OH 

CHj.OH      CHj.OH        C(CH3)g.0H 

MetbylglycoL  ^-Dlmethylglycol.  Trimethylglycol. 

It  is  almost  needless  to  state  that  each  of  these  classes  is 
divisible  into  sub-classes,  according  to  the  constitution  of  the 
radicles  which  are  introduced  in  place  of  the  hydrogen  in^  glycol,  &c. 
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(1494)  Properties  of  the  Glycols. — ^Al though  a  considerable 
number  of  glycols  have  beeu  prepared,  our  knowledge  of  most  of 
them^  and  especially  of  their  physical  properties,  and  of  their 
behaviour  on  oxidation,  is  extremely  deficient.  They  are  all 
colourless,  odourless,  more  or  less  viscid  fluids,  soluble  in  water ;  the 
lower  terms  are  sweet,  but  the  higher  terms  are  bitter,  to  the  taste. 

Sodium  dissolves  in  the  glycols  with  evolution  of  hydrogen, 
forming  a  mono-sodium  derivative : 

CH..OH  CH3.OH 

2     I  -f      2Na     =1  +      H.. 

CH2.OH  CH2.0Na  * 

Glycol.  Sodiam  glycol 

By  heating  these  compounds  with  sodium  a  second  atom  of 
hydrogen  may  be  displaced ;  thus  : 

CH3.OH  CHg.ONa 

2   I  +     aNa     =1  +      H-. 


CH,.ONa  CH2.0Na 


«• 


Sodium  glycol.  DiMdinm  glycoL 

These  sodium  derivatives  are  decomposed  by  water,  and  the 
glycol  re-formed. 

By  the  action  of  gaseous  hydrochloric  or  hydrobromic  acid  on 
the  glycols,  one  of  the  OH  groups  is  readily  displaced  by  chlorine 
or  bromine;  monochlorinated  and  monobromiLated  derivatives 
of  alcohols  of  the  ethylic  series,  or  glycolic  chlor-  and  brom- 
hydrins  are  thus  produced  : 

CH3.CH(OH).CH2(OH)  -h  HCl  =  CH3.CH(0H).CH2C1  -h  OH^. 

MethylgtyooL  Chlorisopropylic  alcohol. 

These  compounds  are  converted  into  dihaloid  paraflBn  derivatives  by 
the  action  of  phosphorus  pentachloride  or  pentabromide,  and  this 
change  qiay  also  be  partially  effected  by  heating  with  a  saturated 
solution  of  hydrochloric  or  hydrobromic  acid.  By  the  action 
of  hydriodic  acid,  however,  the  glycols  are  readily  converted  into 
moniodo-paraffins,  owing  to  the  reduction  by  the  hydriodic  acid 
of  the  diiodoparaffins  which  are  the  immediate  products  of  the 
action  of  hydriodic  acid  j  thus  : 

CH,  CH, 

CH.OH      -h      2HI     =     CHI      -h      2OH3; 

CHj-OH  CHgl 

MethylglycoL  /)-Diiodopropane. 

CHj.CHI.CH,I    +    HI    =    CHyCHLCHj    +    I^ 

.       fl-Dflodopropaue.  ^I«^»'"'I'»^  Digitized  by  GoOgk 
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By  heating  the  glycols  with  acids^  such  as  acetic  acid,  ethereal 
salts  are  produced ;  the  basic  or  the  normal  salt  being  formed 
according  to  the  proportions  employed  : 

CH3.OH  CH2.OH 

I  H-    aHgO.OH    =    I     '  +   OH2; 

CH,.OH  '    '  CH3.0(C3H30)  ' 

OIjool.  Acetio  add.  Basic  ethylenic  acetate. 

(Glycolio  monaoetin.) 

CHj.OH  CH,.0{aH-0) 

CH,.OH  *    '  CH,.0(CjH,0) 

OI700L  Acetic  add.  Ethylenic  acetate. 

(Glycolic  diaoetin.) 

The  oxidation  of  the  glycols  is  usually  eflfected  with  the  aid  of 
dilute  nitric  acid^  but  the  isolation  of  the  immediate  products  is 
extremely  difficult  on  account  of  the  readiness  with  which  they 
undergo  further  oxidation. 

The  primary  glycols  are  apparently  capable  of  fumishiDg  two  acids,  each 
containing  the  same  number  of  carbon  atoms  as  the  glycol  oxidized— yiz.,  in  the 
first  place,  an  acid  of  the  glycolic  series : 

CH,.OH  CH,.OH 

CH,.OH  ^  CO.OH 

GlycoL  OlyooUc  add. 

which  on  farther  oxidation  is  converted  into  the  corresponding  acid  of  the 
oxalic  series : 

CH,.OH  CO.OH 

I  +      2(0 +  0m       =      1  +     aOH^ 

CO.OH  "^  CO.OH 

Glycolic  acid.  Oulio  add. 

Intermediate  products  may  also  be  formed,  glycol,  for  example,  yielding 
glyoxal  and  glyoxylic  acid  on  oxidation,  in  addition  to  glycolic  and  oxalic  acids ; 
the  relation  of  these  bodies  to  glycol  will  be  evident  from  the  'following 
formula : 

CH,.OH  COH  CH(OH), 

CHj.OH  COH  CO.OH 

Glycol.  GlyoxaL  Glyoxylic  odd. 

The  primary-secondary  glycols  furnish  acids  of  the  glycolic  series  on  oxida- 
tion, which,  however,  are  not  convertible  into  corresponding  acids  of  the  oxalic 
series ;  thus : 

CH,  CH. 

I  I 

CH.OH      +     2(0  +  0Hj     =     CH.OH     +     jOH^. 


CH,.OH  CO.OH 

MethylglycoL  Lactic  acid. 
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The  tertiary  glycols  or  pinacones  are  reconverted  into  ketones  on  oxidation : 

,^      "^^  +     (0  +  OH,)      =      2C0(CH.),     +     3OH,. 

C(CH,),.OH  V  "«/  ^      •'«  -^      « 

Tetnmethylgljool.  Acetone. 

The  probable  behavionr  of  the  secondary   and  seoondary-tertiaiy  glycols 
18  il]ustnd»d  by  the  following  equations : 

*    *  I  +  4(0  +  OHJ  =  CACH(OH).COOH  +  H.COOfl  +  5OH.. 

CH,.CH.OH      '^^        .      «^         «"»       ^      '  ^   ^ 

EthylmethjlglyeoL  orOiqrbatTiio  add.  Formio  add. 

C(CHJ,.OH 

I  ^      *^*  C(CHXOH 

CH.OH  +  4(0  +  OH.)  =    1        "'*^         +    H.COOH   +   5OH.. 

CH, 

TrimethjlglyooL  QxTuobatjric  add.         Formio  add. 

(1495)  Methaldehydrol  :  CH3(0H)g. — When  diiodomethane 
or  methylenic  iodide  is  heated  with  argentic  acetate  and  a  small 
quantity  of  glacial  acetic  acid^  it  is  converted  into  the  diacetate 
CHg(C,H302)3 ;  on  heating  this  substance  with  water  in  closed 
tubes  at  ioo°  (aia°F.)  it  is  dissolved  and  decomposed,  and  a 
solution  is  obtained  which  it  can  scarcely  be  doubted  contains  the 
compound  CHg(0H)2  together  with  acetic  acid : 

CR^iC^Ufi^^  +   aOH,  =  CH,(0H)2   +   ciIlC^Rfiy 

On  evaporating  the  solution  in  vacuo,  however,  a  white  solid 
substance  remains  which  is  a  polymeride  of  methylic  or  formic 
aldehyde,  probably  of  the  composition  C^Rfi^  (see  Formic  Alde- 
hyde) ;  this  substance  is  insoluble  in  water,  but  when  it  is  heated 
-with  water  at  130° — 150°  {266^ — 302°  F.)  in  closed  vessels  it 
dissolves,  proba)ilf%l||^g  converted  into  methaldehydrol  (Butlerow, 
Ann,  Chem,  PharrH.,  cvii.  110;  cxi.  242;  cxv.  326)  : 

C,H,0,  +  3OH,  =  3CH,(0H),. 

The  solution  of  methaldehydrol  is  readily  oxidized,  formic  acid 
being  produced  on  adding  to  it  freshly  precipitated  argentic  oxide 
(argentic  hydrate) : 

CH,(OH),   +  2AgOH  =  H.COOH   +  2Ag  +   2OH2. 

(1496)  Glycol  or  Ethylenic  Alcohol  :  Cj,H4(OH)2=62. — 
This  compound  was  discovered  in  1856  by  Wurtz,  who  prepared 
it  from  ethylenic  iodide ;  it  may  be  obtained  from  the  corre- 
sponding dichlor-or  dibromethane  in  the  manner  already  described, 
and  it  is  also  formed  on  heating  dibromomethane,  CH^Bro,  with 
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water  and  plumbic  oxide  to  140^ — 150°  {284® — 302°  F.)  (Jeltekow, 
Deut,  chem,  Ges,  Ber.,  vi.  558),  but  according  to  Demole  (Ann. 
Chem.  Pharm.,  clxxiii.  117  ;  clxxvii.  45;  Deut.  chem.  Ges.  Ber.,  ix. 
480,  636,  917),  it  is  most  readily  prepared  by  heating  a  mixture 
of  a-dibromethane  or  ethylenic  bromide  with  potassic  acetate  and 
aqueous  alcohol. 

The  proportions  employed,  the  strength  of  the  alcohol,  and  the  length  of 
time  during  which  the  mixture  is  heated  are  all  of  consequence:  the  most 
favourable  result  being  obtained  when  a  mixture  of  ethylenic  bromide  and  care- 
fully dried  potassic  acetate  in  the  proportions  C^H^Br^ :  KC,H,Oj=  188  :  98 
with  an  amount  of  alcohol  of  91  per  cent.  (sp.  gr.  '82),  about  equal  in  weight 
to  the  ethylenic  bromide  employed,  is  heated  to  boiling  for  about  twenty  hours 
in  a  flask  attached  to  a  reversed  condenser  ;  afler  filtering  off  the  potassic  bromide, 
the  glycol  is  isolated  from  the  liquid  by  fractional  distillation. 

Nearly  one-half  the  ethylenic  bromide  is  recovered,  but  it  is  not  therefore 
to  be  supposed  that  one-half  the  amount  will  suffice  ;  on  the  contrary,  when  a 
mixture  of  the  bromide  and  acetate  in  the  proportions  C^H^Brj  :  2KC.H,0j  = 
188  :  196,  with  alcohol  of  91  per  cent,  is  similarly  treated «  only  glycol  mon- 
acetin,  C,H,(OH).C,H,0,.  is  obtained. 

The  formation  of  glycol  from  ethylenic  bromide,  potassic  acetate,  and  aqueous 
alcohol  is  undoubtedly  the  end  result  of  a  series  of  changes,  and  it  is  difficult  to 
pronounce  with  certainty  upon  their  nature  and  the  precise  order  in  which  they 
occur.  It  may  be  supposed  that  when  the  bromide  and  aceutte  are  heated 
together  in  the  proportion  of  one  molecule  of  the  former  to  two  of  the  latter  a 
certain  amount  of  the  bromide  is  converted  into  the  diacetin,  which  is  then 
decomposed  by  the  alcohol  and  converted  into  the  monacetin,  this  reaction  being 
perhaps  in  part  effected  by  the  alcohol  itself  and  in  part  by  the  water  which  it 
contains ;  thus  : 

C.H^Br,   +   2KC,H,0,  =       C,H,(C,H,0,),      +   2KBr; 

C,H,(C,H.O.).  +   C.H..OH     =  C.H,(OH).C.HA   +   C,H..C,H,0,; 

C.H,(C,H,0,).   +       OH.       ==   C.H,(OH).C.HA    +    UCfifi,. 

In  this  manner,  if  the  heating  be  continued  sufficiently  long,  the  whole  of  the 
ethylenic  bromide  ultimately  becomes  converted  into  glycolic  monacetin. 

When  the  larger  proportion  of  ethylenic  bromide  is  employed,  it  is  probable 
that,  until  the  whole  of  the  potassic  acetate  is  acted  upon,  only  monacetin  is  pro- 
duced, but  that  then  the  following  reac;tions  occur  in  succession : 

a     C,H,Br,  +  C.H,(OH).C,H,0,  =  C,H,Br(OH)    +  C,H^Br(C,H,Oj ; 
p     C,H,Br(C,H,OJ    +   C,H,.OH   =   C,H^Br(OH)  +  C,H,.C,H,0^ 
y        C,H^Br(OH)      +       OH,       =   C,H,(OH),      +  HBr. 

A  certain  amount  of  hydrobromic  acid  is  thus  produced,  which  probably  at  onee 
enters  into  reaction  with  the  monacetin  present  to  form  bromacetin  and  water : 

C,H,(On).C,H,0,   +.HBr   =   C,H,Br(C,H,OJ    +   OH,; 

and  from  the  bromacetin  thus  formed,  the  bromhydrin  CjH^Br(OH)  and  glycol 
are  then  produced  in  succession  by  the  reactions  indicated  by  equations  /?  and  y. 
hydrobromic  acid  being  again  liberated.  In  this  manner,  the  conversion  of  a 
large  amount  of  glycolic  monacetin  into  glycol  may  be  gradually  effected  by  the 
aid  of  a  very  small  amount  of  hydrobromic  acid.     According  to  Demole,  25 
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gramR  of  glycoHc  monacetin  are  almost  completely  converted  into  glycol  by  boiling 
with  80  per  cent,  alcohol  and  2  or  3  drops  of  the  bromhydrin  CjH^Br(OH) 
for  twenty  hours. 

Glycol  may  also  be  prepared  by  boiling  glyoolic  monacetin  with  ethylenio 
bromide  and  alcohol  of  91  percent.;  the  rapidity  with  which  the  change  is 
effected  depends,  however,  upon  the  amount  of  bromide  employed.  Thus  the 
conversion  of  200 — 225  grams  of  the  monacetin  is  completed  in  twenty-four 
hours  if  it  be  mixed  with  100  grams  of  ethylenic  bromide,  but  if  50  grams  of 
the  bromide  are  taken  the  boiling  must  be  continued  for  thirty-six  hours,  and 
if  only  25  grams  of  the  bromide  are  added  it  requires  at  least  forty-five  hours' 
boiling  to  effect  the  conversion  (Demole). 

According  to  Zeller  and  Huefner  {Joum,  pr.  Chem,  [2],  x.  270), 
ethylenic  bromide  is  readily  converted  into  glycol  by  boiling 
with  an  aqueous  solution  of  potassic  carbonate. 

Glycol  is  a  colourless^  almost  odourless  liquid,  of  the  con- 
sistence of  a  thin  syrup  ;  it  has  a  sweet  alcoholic  taste.  It  boils 
^t  197°  (386°-6  F.),  and  at  0°  (32°  F.)  has  the  sp.  gr.  1-125  ;  it  is 
miscible  with  water  and  alcohol  in  all  proportions.  When  a 
solution  of  glycol  is  exposed  to  air  or  oxygen  in  contact  with 
platinum  hleick,  ffly colic  acid,  CHg(OH).COOH,  is  produced;  on 
oxidation  with  nitric  acid,  glycol  furnishes  glycolic,  glyoxylic,  and 
oxalic  acids,  and  glyoxal  (p.  508).  By  heating  to  350°  (482°  F.) 
with  potassic  hydrate,  it  is  converted  into  potassic  oxalate : 

CH2(0H).CH,(0H)   +  2KOH  =  CO(OK).CO(OK)   +  4H3. 

When  it  is  gently  heated  with  zincic  chloride,  it  furnishes 
ethylic  or  acetic  aldehyde  (Wurtz),  and  according  to  Nevoid 
{Cotnpt.  Rend.,  Ixxxiii.  228),  a  small  amount  of  aldehyde  is  also 
produced  when  glycol  is  heated  with  water  to  220^ — 230° 
(428— 446°  F.)*: 

CH3{OH).CH2(OH)   -  OH3  =   CH3.COH. 

Glycol.  Ethylic  aldehyde. 

By  the  action  of  liydrochloric  acid  on  glycol,  monochlorethylic  alcohol  or 
glycolic  chlorhydrin,  C,B[^C1(0H),  is  produced :  this  compound  may  also  be 
prepared  by  the  action  of  an  excess  of  sulphur  chloride,  S^Cl,,  on  glycol  (Carius, 
Ann,  Chem.  Pharm.,  cxxiv.  257).     It  is  a  colourless  liquid  soluble  in  water, 


•  According  to  Carius  (Ann.  Chem.  Pharm.,  czxxi.  173),  aldehyde  is  ob- 
tained on  heating  ethylenic  bromide  with  water  to  150® — 160°  (302° — 320°  P.). 
When  ethylenic  chloride  is  heated  with  water  and  plumbic  oxide  to  170"  (338°  F.) 
glycol  is  formed,  and  it  is  therefore  probable  that  the  formation  of  aldehyde 
from  ethylenic  bromide  is  dependent  upon  the  presence  of  hydrobromic  acid 
(Jeltekow,  Deut.  chem.  Gee.  Ber.,  vi.  558).  When  )3-dibromopropane  or 
propylenic  bromide  is  heated  with  water  and  plumbic  oxide  to  170"  (338°  F.), 
acetone  is  produced,  but  /3-dichloropropane  on  similar  treatment  fumishen  both 
propylenie  glycol  and  acetone  (Jeltekow,  comp.  p.  437). 
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which  boilfl  at  about  130°  (266®  F.).  The  corresponding  bromo-derivative, 
CjH^Br(OH),  boils  at  T47*'  (296°-6  F.);  it  may  be  obtained  by  the  action  of 
hydrobromic  acid  on  glycol,  by  combining  ethyleuic  oxide,  C,H^O,  with  hydro- 
broroio  acid,  or  by  heating  a  mixture  of  ethylenic  bromide  and  glycol  to  120^ 
(248°  F.).  When  hydriodic  acid  gas  is  passed  into  glycol,  it  is  rapidly  absorbed 
and  much  heat  is  developed,  ethylenic  iodide,  C^H^I,.  being  produced ;  but  when 
the  temperature  is  prevented  from  rising  by  cooling  the  vessel  which  contains  the 
glycol,  the  intermediate  compound,  C,HJ(OH),  is  formed,  which  may  also  be 
obtained  by  heating  the  corresponding  chlorinated  compound  with  potassic  iodide. 
It  is  a  colourless  liquid  which  decomposes  on  distillation,  yielding  ethylenic  iodide 
and,  probably,  glycol.  Glycol  is  readily  acted  upon  by  acetic  chloride  and  con- 
verted into  chlorethylic  acetate  or  glycolic  chloracetin : 

CA{oS   +2C.H.0C1  =   C.H.{^|jjo^    +  C.H,0.   +   Ha 

In  a  similar  manner,  many  of  the  secondary  and  the  tertiary  carbinols  are  con- 
verted into  chloroparaffins  by  the  action  of  acetic  chloride  (Flavitzsky,^nii.  Chem. 
JPharm,,  clxxix.  364). 

(1497)  Folyethlyenie  Glycols, — By  heating  glycol  with  ethylenic  oxide,  or 
with  ethylenic  bromide,  a  series  of  compounds  which  may  be  termed  polyethy- 
lenic  glycols  have  been  obtained  by  Wurtz  and  Lourenco,  which  are  formed  by 
the  condensation  of  n  molecules  of  glycol  with  elimination  of  «  —  i  molecules  of 
water.     The  following  have  been  isolated : 

Biethylenic  glycol  .  .  r!H,,0,   =  2C,H,(0H),  -  OH, 

Triethylenic     „  .  .  C^n^fi    _.  3C,H/0H),  -  2OH, 

Tetrethylenic   „  .  .  C.H^^O,    -  4C,H/0H)  -  3OIT 

Pentethylenic  „  .  .  C,,H^O.  =  S^.H/OH),  -  4OH. 

Hexethylenio   „  .  .  C„H,,0^  =  6C,H,(0H),  -  5OH,. 

In  preparing  these  bodies  from  glycol  and  ethylenic  bromide,  the  mixture  of 
the  tw6  substances  is  heated  to  110° — 120''  (230" — 248°  F.)  in  sealed  tubes: 
as  to  which  compounds  are  produced  depends  both  upon  the  proportions  taken, 
and  the  length  of  time  during  which  the  heating  is  continued,  but  if  a  suf- 
ficient excess  of  glycol  is  employed  still  higher  members  of  the  series  than  those 
above  mentioned  may  be  obtained.  The  products  are  separated  by  fractional 
distillation,  the  distillation  of  the  higher  terms  being  effected  under  reduced 
pressure. 

The  first  reaction  which  occurs  undoubtedly  consists  in  the  formation  of  gly- 
colic bromhydrin ;  thus : 

C.H,(OH),  +   CjH.Br,   =   2C,H,Br(0H). 

From  this  compound  and  glycol,  diethylenic  glycol  is  then  produced  in  the 
manner  represented  by  the  following  equation : 

CH,.OH  CHj.OH 

CH,.OH       ^        CH,^  ^ 

CH,.OH  CH,.OH 

The  hydrobromic  acid  thus  liberated  serves  to  convert  a  further  quantity  of  glycol 
into  the  bromhydrin,  which  then  enters  into  reaction  with  the  diethylenic  glycol, 
and  in  a  similar  mannei'  converte  it  into  triethylenic  glycol,  hydrobromic  add 
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being  again  liberated  ;  by  a  Bimilar  cycle  of  reactions  tetretbylenio  glycol  ia  formed 
from  trietbylenic  glycol,  pentethyleiiic  glycol  from  tetretbylenio  gl3'col,  and 
bezetbylenic  glycol  from  pentetbylenic  glycol.  -  If  tbe  temperature  is  allowed  to 
ri«»e  above  130°  (266'*  F.)  the  hydrobromic  acid  produced  not  only  acts  ou  tbe 
glycol,  but  also  on  the  polyetbylenic  glycols,  and  bromhydrins  of  tbe  latter  are 
formed. 

Diethylenic  Glycol:  C^H,0(OH)j,  is  a  sweet  syrupy  liquid,  soluble  in 
water,  alcohol,  and  ether  ;  it  boils  at  about  245°  (473°  ^O*  On  oxidation  with 
nitric  acid,  it  furnishes  digly colic  acid  : 

CH,(OH).CH,.O.CH,.CH,(OH)     ;     COOH.CH,.O.CH,.COOH. 

iDiethylenlc  glycoL  Difflyeolic  acid. 

Triethylenic  Glycol :  Cfi^pj^QiR\^  is  a  very  thick  liquid,  which  boils  at 
about  290^  (654^  F.).     Nitric  acid  converts  it  into  diglycolethylenic  acid : 

CH,(OH).CH,.O.CH,.CH,.O.CH,.CH,(OH). 

Triethylenic  glycol.  ' 

C00H.CH5.0.CH,.CH^.0.CH,  COOH. 

Diglycolethylenic  add. 

The  higher  polyetbylenic  glycols  are  still  more  viscid  substances ;  tbe  three 
remaining  terms  which  have  been  isolated  boil  respectively  at  about  230^ 
(446"  F.),  280*^  (536°  F  ),  and  325°  (617°  F.)  under  a  pressure  of  25  mm.  of 
mercury. 

(1498)  Tbichlorethaldehtdbol  or  Chloral-hydrate :  0Cl3.CH(0H),. — 
This  compound  is  formed  by  the  combination  of  trichloraldehyde  or  chloral  with 
water  :  CClg.COH  +  OH^  =  CCl3.CH(0H),,  which  is  attended  with  the  develop- 
ment of  a  considerable  amount  of  heat.  It  may  also  be  produced  by  the  action 
of  chlorine  on  a  well  cooled  aqueous  solution  of  aldehyde  (Wurtz  and  Vogt, 
Compt.  Send.,\xi\v.  777  ;  Pinner, -4?i».  Chem.  PAarwi.,  clxxix.  24);  its  forma- 
tion in  this  manner  may  be  regarded  as  evidence  of  the  presence  of  the  compound 
CH,.CH(OH),  in  such  a  solution,  and  is  not  to  be  accounted  for  by  the  ai^sump- 
tion  that  the  aldehyde,  CH3.COH,  is  converted  into  chloral,  which  then  combines 
with  the  water,  as  chloral  is  never  obt^ned  when  aldehyde  alone  is  submitted  to 
the  action  of  chlorine  (see  Aldehyde) : 

CH..CH(OH),   +    3CI,   =    CC1,.CH(0HX   +   3Ha 

Ethaldehydrol.  Trichlorethaldehydrol. 

It  crystallizes  in  large  monoclinic  prisms,  soluble  in  water ;  it  melts  at  46° 
(ii4°'8  F.),  and  boils  at  about  96°  (204^-8  F.)  :  but  its  vapour  consists  of  a 
mixture  of  chloral  and  water. 

On  mixing  chloral  with  glacial  acetic  acid,  heat  is  developed,  and  when  the 
liquid  is  allowed  to  evaporate  over  sulphuric  acid,  crystals  are  obtained  which 
sometimes  consist  of  ordinary  chloral-hydrate,  but  sometimes  of  a  substance  of 
the  same  composition,  melting  at  80°  (176*^  F.) ;  the  relation  of  this  ^^ubstance 
to  ordinary  chloral-hydrate  has  not  yet  been  ascertained  (Meyer  and  Dulk,  Ann. 
Chem.  Pharm.,  dxxi.  74). 

Chloral-hydrate  is  converted  by  oxidatioiTwith  concentrated  nitric  acid  into 
trichloracetic  acid : 

CC1,.CH(0H),   +   (0  +  OHj  =   CCl.COOH   +    3OH,. 

On  treatment  with  aqueous  alkalies,  it  furnishes  trichloromethane  or  chloroform 
and  a  formate : 

2CC1,.CH(0H),    +   KHO   =   CHCl,   +    H.COOK    +   OH^ 
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It  readily  parts  with  the  elements  of  a  molecule  of  water  when  agitated  with 
.concentrated  sulphuric  acid,  and  is  converted  into  chloral.  On  passing  sulphu- 
retted hydrogen  gas  into  a  concentrated  aqueous  solution  of  chloral-hydrate  the 
iollowing  reaction  occurs : 

2CCl,.CH(0H),   +    SH,   =    [CC1,.CH.0H],S   +    2OH,. 

The  compound  [CC1,.CH.UH],S  is  a  white  crystalline  solid,  insoluble  in  water, 
which  gradually  decomposes  it,  but  soluble  in  alcohol,  benzene,  &c. ;  it  melts  at 
128^  (262^*4  F.)i  and  is  converted  by  acetic  chloride  into  the  compound 
[CCI,.CH.C,H,0,],S,  which  melts  at  78°  (i72*'-4  F.)  (Pateruo,  Wyss,  Jaum. 
Chem,  Soc,  xxvii.  459). 

By  the  action  of  acetic  chloride  on  chloral-hydrate  the  chloracetin 
CClj.t  HCl(C,H,Oj)  is  produced ;  the  formation  of  this  body  may  be  supposed  to 
take  place  in  the  same  manner  as  that  of  the  compound  CH,C1.CH,(C,H,0,) 
from  glycol  (p.  512),  but  it  appears  more  probable  that  the  first  action  of  the 
chloride  consists  in  the  production  of  chloral,  which  then  unites  with  a  molecule 
cf  acetic  chloride ;  thus : 

CC1,.CH(0H),   +   C,H,Oa   =   CC1,.C0H   +   C,H,0,   +    Ha. 

Chlonl-hydrate.  Acetic  chloride.  Chloral.  Acetic  add. 

CC1,.C0H    +   C,H,Oa   =   CC],.CHC1(C,H,0J. 

It  has  been  shown  that  the  reaction  represented  by  the  second  of  these  equa- 
tions readily  takes  place  (Meyer  and  Dulk,  Ann,  Chem.  PAarm.,  ckxi.  67). 

Chloral -hydrate  is  chiefly  remarkable  on  account  of  its  physiological  action, 
producing  deep  sleep  when  administered  by  the  mouth,  or  when  directly  intro- 
duced into  the  circulation  by  subcutaneous  injection.  The  hypnotic  action 
which  it  exercises  has  been  attributed  to  its  conversion  into  chloroform  within 
the  system,  the  latter  being  regarded  as  the  really  active  substance,  but  there 
appears  to  be  much  reason  to  doubt  this  explanation  (comp.  Tomaszcwicz,  Joum. 
Chem,  Soc,  xxvii.  824 ;  Meringand  Muscuhis,  Deut.  chem,  Ges.  Ber,,  viii.  662). 
Chloral-hydrate  is  decomposed  in  presence  of  potassic  hydrate  by  potassic  perman- 
ganate, carbonic  oxide  gas  being  evolved,  and  potassic  chloride,  formate,  and  car- 
bonate produced :  the  reaction  occurs  even  with  very  dilute  solutions,  and  if  borax  be 
substituted  for  potassic  hydrate.  This  circumstance  has  led  Tauret  to  suggest  that 
chloral- hydrate  undergoes  a  similar  decomposition  in  the  circulation,  and  that  its 
action  as  an  hypnotic  is  due  to  the  carbonic  oxide  produced  (Compt.  S-end.^  Ixnix. 
662).  A  crystalline  monobasic  acid  of  the  composition  C.HjgCl.Og,  called  vrochlO" 
ralic  acid,  has  been  isolated  from  the  urine  of  persons  who  were  taking  four  to  five 
grams  of  chloral-hydrate  per  diem  ;  it  exerts  a  lajvorotatory  action  on  polarized 
light,  and  reduces  an  alkaline  cupric  solution  (Mering  and  Musculus,  loc.  ciL), 

Dichloraldehydeand  dibrom-  and  tribromaldehyde  combine  with  water  forming 
compounds  which  both  in  composition  and  properties  exhibit  the  closest  analogy 
to  trichlorethaldehydrol.  Dichlorethaldehydrol,  ClIClj,.CH(OH)j,  is  also  one 
of  the  products  of  the  action  of  chlorine  on  an  aqueous  solution  of  aldehyde;  it 
crystallizes  in  lamins.  Bibromethaldehydrol,  CHBr,.CH(OH)jj,  crystallizes  in 
fine  needles;  irihromeihaldehydrol,  CBr3.CH(0H)j,  forms  broad  rhombic  plates 
which  melt  at  53°  (i27°-4  F.)  (Pinner,  Ann,  Chem  FAarm.,  clxxix.  67). 

(1499)  Alcohols  of  the  Composition  C3Hj(0H)j=  76. — Primary  or 
a- Propylenic glycol :  CH,(0n).CHj.CH2(0H),  prepared  from  a-dibromopropane 
(i  189),  boils  at  216°— 217°  (420°-8— 422°'6F.).  If  it  is  saturated  with 
hydrochloric  acid  gas,  and  the  mixture  is  heated  to  100°  (212'' F.)  for 
5—6  hours,  a  mixture  of  a-dichloropropane  and  a-rhloropropylic  alcohol^ 
CHjCl.CHj.CH,(OU),  is  produced.    The  latter  is  an  oily  liquid,  soluble  in  water^ 
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of  the  specific  gravity  1-132  at  17°  (62°'6  P.),  and  boils  at   160°  (320®  i\) 
(Beboul,  Compt.  Rend.,  Ixxviii.  1773  ;  Ixxix.  169). 

fi-Propylenic  glycol  dv  Methylglyrol :  CH,.CH(OH).CHg(OH),  prepared  from 
/3-dibromopropane  or  propylenic  bromide,  CHj.CHBr.CHjBr,  is  a  colourless 
oily  liquid,  of  sweet  taste;  it  boils  at  188°  (37o°-4  F.),  and  at  0°  (32°  F.)  has 
the  specific  gravity  1*051.  It  is  miscible  in  all  proportions  with  water  and 
alcohol.  When  a  solution  of  methylglycol  is  exposed  to  the  air  in  contact  with 
spongy  platinum,  lactic  acid  is  produced  (Wurtz) : 

OH,.CH(OH).CH,(OH)  +  2(0  + OH,)  =  CH,.CH(OH).COOH  +  3OH,; 

but  even  very  dilute  nitric  acid  oxidizes  it  to  glycolic  acid : 

CH,(OH).CH(OH).CH,  +  5(0  + OH,)  =  CH,(OH).COOH  +  C0,+  70H,. 

When  oxidized  by  a  solution  of  pot^uisic  permanganate,   however,  it  furnishes 
acetic  acid : 

CH,.CH(OH).CH,(OH)  +  4(0  +  OHJ  =  CH,.COOH  +  CO,  +  60H,, 

and  by  heating  it  with  potassic  hydrate  to  250°  (482**  F.),  chiefly  potassic 
oxalate  is  produced. 

On  distilling  it  with  zincic  chloride,  propylic  aldehyde,  CH3.CH3.COH,  is 
obtained. 

By  the  action  of  hydrochloric  acid  gas,  methylglycol  is  converted  into  a 
chloropropylic  alcohol  boiling  at  127^  (26o°*6  F.),  of  the  specific  gravity  I'I302 
at  0°  (32°  F.)  (Oser,  Ann.  Ckem,  Pharm.  Supp.,  i.  253).  According  to 
Markownikoff(t5i(;^.,  cliii.  251),  a  body  having  the  same  properties  is  obtained 
by  combining  propylene  with  hypochlorous  acid,  and  it  has  already  been  pointed 
out  (p.  462)  that  there  is  reason  to  suppose  that  the  compound  so  produced  has 
the  constitution  represented  by  the  formula  CHj.CHCl.CH2(0H).  It  is  re- 
markable, however,  that  the  isomeric  compound,  (?)  CHj.CH(OH).CH,Cl, 
obtained  by  Oppenheim  (p.  204),  is  stated  to  boil  at  the  same  temperature. 
By  combining  propylenic  oxide  with  hydrobroraic  and  hydriodic  acid,  Markow- 
nikoff  obtained  corresponding  bromo-  and  iodopropylic  alcohols;  the  former 
boils  at  145^—148^  (293°— 298° '4  F.),  and  the  latter  at  105°  (221''  F.)  under 
a  pressure  of  60  mm.  By  the  action  of  hydriodic  acid,  methylglycol  is  con- 
verted into  /3-iodopropane  or  isopropylic  iodide  (Wurtz). 

(1500)  Alcohols  of  the  Composition  C^Hg(OH),  =  90. — Three  of  the  six 
possible  isomeric  butylenic  glycols  have  been  obtained,  but  very  imperfectly  studied. 
Methyl-a-propylenic  glycol:  CH,.CH(OH).CH^.CH,(OH),  is  produced, 
although  in  very  small  quantity  and  together  with  ethylic  alcohol,  on  treating 
an  acidulated  aqueous  solution  of  ethylic  aldehyde  with  sodium  amalgam,  hydro- 
chloric acid  being  added  from  time  to  time  so  as  always  to  maintain  the  liquid 
slightly  acid  (Kekul^,  Deut,  chem,  Oes,  Ber.,  v.  56) ;  it  is  more  readily  obtained 
by  treating  a  solution  of  aldol  or  oxybutyric  aldehyde  in  a  similar  manner 
(Wurtz,  Compt.  Bend,,  Ixxvi.  1 165).  Its  formation  from  aldehyde,  or  rather 
from  aldehydrul,  which  first  undergoes  condensation  and  is  converted  into  aldol- 
hydrate  or  oxybutaldehydrol,  may  be  represented  by  the  following  equations : 

CH.  CH. 

I  I 

CH(OH).  CH.OH 

^       •       =         I  +      OH, 

CH,  CH, 

I     '  I 

CH(OH),  CH(OH),. 

Aldehydrol.  Aldol-hjdrate. 

CH,.CH(0H)Cir,Cn(OH),  +  H,  =  CH3.CH(0H).CH,.CH,(0H)^  OH... 
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It  is  a  syrupy  liquid,  of  8weet  but  slightly  pungent  taste,  and  boils  at  about 
204°  (399°' 2  F.).  On  oxidation  with  nitric  acid,  it  furnishes  acetic  and  oxalic 
acids,  and  much  acetic  acid  is  also  produced  when  a  solution  of  chromic  acid  is 
employed  ;  in  both  cases  appreciable  quantities  of  ethylic  aldehyde  and  of  cro- 
tonic  aldehyde,  CH,.CH  —  CH.COH,  are  formed. 

Eihylglycol :  C,H^.CH(OH).CH,{OH).  prepared  from  the  dibromotetrane 
obtained  by  combining  normal  butylene  with  bromine,  is  a  syrupy  liquid  of 
sweet  but  somewhat  pungent  taste;  it  boils  at  about  192°  (377°'6  F.),  and  at 
0°  (32**  F.)  has  the  spcciBc  gravity  i  0189.  On  oxidation  with  nitric  acid,  it 
appears  to  furnish  only  glycolic  acid  and  glyoxylic  acid,  CH(OH),.COOH  (Gra- 
bownky  and  Saytzeff,  Ann.  Chem,  Fharm ,  clxxix.  332). 

Dimeihylglifcol :  (CH3),C(0H).CH^(0H),  is  formed  by  boiling  the  isomeric 
dibromot^-trane  produced  from  isobutylene  or  /3-dimethylethylcne,  CH,IzC(CHj,)j, 
and  bromine,  with  an  aqueous  solution  of  potassic  carbonate.  It  boils  at  about 
'77**  (350°^  F.),  and  at  o*  (32°  F.)  has  the  specific  gravity  1*0129.  When  it 
is  oxidized  by  a  solution  of  potassic  permanganate,  acetic  acid  is  formed,  but  its 
behaviour  with  nitric  and  chromic  acids  is  peculiar,  a  liquid  body  being  produced 
which  approximately  has  the  composition  represented  by  the  formula  O^H^^O, 
(Nevoid,  Compt.  Rend.,  Ixxxiii.  65  ;  146). 

Trichlorohutaldehydrol :  C,H^C1,.CH(0H),.— This  compound  is  formed  by 
the  combination  of  the  trichlorobutylic  aldehyde  produced  by  the  action  of 
chlorine  on  aldehyde  (see  Ethylic  aldehyde)  with  water.  In  all  respects  it  exhibits 
the  closest  resemblance  to  chloral-hydrate,  crystallizing  from  water  in  thin,  glis- 
tening, white  plates,  which  melt  at  78°  (172** '4  F  ).  On  oxidation  with  nitric 
acid,  it  yields  trichlorobutyric  acid,  C^H^C1,0,;  and  on  treatment  with  alkalies, 
it  is  apparently  decomposed  in  the  following  manner  : 

C3H,C1,.CH(0H),   +   KHO   =   C,H,C1,   +   H.COOK  +    OH,. 

but  the  trichloropropane  thus  formed  is  further  acted  upon  by  the  alkali  and 
converted  into  a  dichloropropylene,  Cj,H^Cl,  (Kramer  and  Pinner,  Ann.  Chem, 
Pkarm.,  clviii.  45 ;  Pinner,  ihid.,  clxxix.  26,  38). 

(1501)  Alcohols  OF  the  Composition  C,Hj^(0H),  =  104. — Only  throe 
of  the  many  possible  isomeric  amylenic  glycols  have  been  obtained. 

Isoprojyl glycol :  C,H,^.CH(OH)  CHj(OH),  prepared  from  the  dibromo- 
pentane  formed  by  combining  the  amylene  from  the  iodide  of  iaoprimary  fer- 
mentation amylic  alcohol  with  bromine,  is  a  thick  liquid,  pungent  and  bitter  to 
the  taste,  soluble  in  water  in  all  proportions;  it  boils  at  206**  (402°'8  F.),  and  vX 
0°  (32**  F.)  has  the  specific  gravity  '9987.  On  oxidation  with  nitric  acid,  it  ap- 
pears to  funiish  oxyvalerianic  acid,  C,H,^.CH(OH).COOH  (Flavitzshy,  ibid., 
olxxix.  351). 

Ethylmcthylglycol:  C,H,.CH(OH).C(CH,)H.OH,  is  fnrnished  by  the 
dibromopentane  formed  from  the  amylene  irom  the  iodide  of  diethylcarbinol.  It 
closely  renenibles  the  preceding  glycol,  but  boils  at  about  188°  (370°*4  F.),  and 
at  o*^  (32°  F  )  has  the  specific  gravity  '9945.  On  oxidation  with  nitric  acid,  it 
appears  to  fllrni^h  a  small  quantity  of  a-oxy  butyric  acid,CH,.CHj.CH(OH)  COOH, 
together  wiih  formic,  acetic,  and  glycolic  acids  (Wagner  and  Saytzeff,  i&irf.,  clxxix. 

307). 

Trimethylglycol :  (CH,XC(0H).CH(CH3)(0H),  prepared  from  the  bromide 
of  ordinary  amjlene  or  trin.ethylethylene,  is  a  syrupy  liquid  of  bitter  t^iste; 
it  boils  at  177°  (350°-6  F  ),  and  at  0°  (32°  F.)  has  the  specific  gravity  '987 
(Wurtz).  On  oxi<lation  with  nitric  acid,  it  furnishes  oxj'isobutyric  acid, 
(CH3),C^0H).C00H  (Wurtz,  ibid.,  cvii.  197;  Markownikoff,  »W.,  diii. 
228). 

The  behaviour  on  oxidation  of  the  two  glycols  from  the  amylenes  pi-epared  from 
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fermentation  amylic  alcohol  is  of  importance,  as  it  establishes  the  CQnstituHon  of 
the  olefin&a  from  which  they  are  produced.  Thus,  the  simplest  and  most  pro- 
bable formula  which  can  be  attributed  to  the  amjlene  from  the  iodide  of  isopri- 
mary  amylic  alcohol  (p.  194)  is  that  which  represents  it  as  isopropylethylene : 
Cjfiiy^.HCziCHj,  and  this  formula  is  conBrmed  by  the  production  of  an  acid  of 
the  composition  C3Hy^.CH(0H).C00H  on  oxidation  of  the  glycol  prepared  from 
the  amylene  in  question.  On  the  other  hand,  the  formula  C(CH^)^ziCH.ClI, 
for  the  amylene  produced  from  the  fermentation  alcohol  by  the  action  of 
zincio  chloride  is  not  only  that  which  best  accords  with  its  general  behaviour,  and 
which  enables  us  to  explain  its  formation  (p.  451),  but  it  is  the  only  one  which 
enables  us  to  account  for  the  formation  of  oxyisobutyric  acid,  (CH,)jC(OH).COOH, 
by  the  oxidation  of  the  glycol  derived  from  it. 

(1502)  Alcohols  of  the  Composition  CjHjg(OH)g=  118. — Dimethyl- 
a-hutylenic  glycol  :  CH,.CH(OH;.CH,.CH,.CH(OH)  CH,,  prepared  from  the 
diiodhexane  produced  by  combining  the  hydrocarbon  diallyl  (1255)  with  hydri- 
odio  acid,  is  a  syrupy  liquid,  soluble  in  water  ;  it  boils  at  212° — 215°  (4I3°*6  — 
419°  P.),  and  at  0°  (32**  P.)  has  the  specific  gravity  "9638.  By  heating  with  a 
concentrated  solution  of  hydrochloric  acid  to  100°  (212°  P.),  it  is  converted 
into  dichlorhexane,  C^H^^Cl^,  and  a  solution  of  hydriodic  acid  acts  upon  it  in  a 
similar  manner  at  ordinary  temperatures  (Wurtz,  ihid,^  cxxxi.  344). 

Tropylmethylglycol :  C,H/.CH(OH).CH(OH).CH,.— The  glycol  prepared 
from  the  bromide  of  the  hexylene  from  mannite  (pp.  195,  399)  probably  has 
this  constitution.  It  is  a  colourless  syrup,  miscible  with  water  in  all  propor- 
tions; it  boils  at  about  207°  (404*'6  P.),  and  at  0°  (32°  P.)  has  the  specific 
gravity  '9669.  It  is  not  converted  into  the  corresponding  dichloroparaffin  by 
the  action  of  hydrochloric  acid  at  100°  (212°  P.),  but  furnishes  a  product  boil- 
ing between  100°  and  250®  (212°  and  482**  P.);  hydriodic  acid  converts  it 
into  normal  secondary  hexylic  iodide  (Wurtz,  ibid.,  cxxxiii.  217). 

Tetramethylglycol  or  pinacone :  (CH3),C(OH).C(CH3)j.OH,  is  produced, 
together  with  isopropylic  alcohol,  by  the  action  of  nascent  hydrogen  on  dimethyl- 
ketone  or  acetone,  CH3.CO.CH3.  It  crystallizes  from  water  in  large  plates  of 
the  composition  Qfi^JS>^)t^^OYi^,  which  melt  at  42"  (io7°'6  P.).  The 
anhydrous  glycol,  which  may  be  obtained  by  distilling  this  substance,  is  also 
crystalline;  it  melts  at  38**  (ioo°-4  P.),  and  boils  at  about  172®  (34i*''6  P.). 
On  oxidation  with  chromic  acid,  pinacone  is  reconverted  into  acet<)ne  ;  its  conver- 
sion into  pinacolin  by  the  action  of  concentrated  sulphuric  acid  has  already  been 
noticed  (p.  453). 

(1503)  HiGHEB  HoifOLOGUKS  OP  GLYCOL. — An  octylentc  glycol,  probably 
of  the  composition  C^H„».CH(OH).CH(OH).CH,,  has  been  prepared  from 
the  dibromoctane  from  octylene  (1235)  ;  it  is  an  oily  liquid,  insoluble  in  water, 
of  the  specific  gravity  -932  at  a®  (32®  F.),  and  boils  at  235** — 240** 
(455° — 464**  P.)  (Clermont,  ibid.,  8upp.,  iii.  254;  clvi.  118). 

The  remaining  terms  of  the  series  are  all  tertiary  glycols.  A  crystalline 
dipropyldimethylglycol  is  obtained  by  the  action  of  nascent  hydrogen  on  methyl- 
propylketone ;  it  boils  at  225° — 230^(437° — 446**  P.)  (Grimm,  ibid.,  clvii. 
257).  The  isomeric  dimethyldiisopropylglycol  \a  a.^^areut\y  &  Wqvkid  (Miincb, 
ibid.,  clxxz.  340). 

A  crystalline  dimethyldibutylglycol  is  formed  on  submitting  pinacolin  or 
methyl  tertiary-bntylketone  to  the  action  of  nascent  hydrogen ;  it  melts  at  69^ 
(l56**-2  P.)  (Priedel  and  Silva,  Compt,  Bend,,  Ixxvi.  226) 

Lastly,  dipropylketone  is  converted  by  nascent  hydrogen  into  a  ietrapropyl' 
glycol  which  melts  at  68°  (i54°-4  P.);  it  is  reconverted  into  the  ketone  by 
oxidation  (Kurtz,  Ann.  Chem.  Pharin.,  clxi.  215).  The  isomeric  tetraiso- 
propylglycol  is  liquid  (Miincb).  /^  r\r\n]o 
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(1504)  On  comparing  together,  with  the  aid  of  the  table  on  the 
previous  page,  the  glycols  which  are  strictly  honiDlogous,  it  will 
be  evident  that  no  relation  is  at  present  discernible  between  their 
boiling  points,  with  the  exception  that  the  diflference  between  the 
only  two  primary  glycols  in  the  table  is  the  same  as  obtains  in  the 
case  of  the  normal  primary  alcohols  of  the  ethylic  series ;  bat  it 
must  be  remembered  that  our  knowledge  of  most  of  the  glycols 
is  extremely  deficient,  and  that  it  is  probable  that  further  inquiry 
will  show  that  many  of  the  statements  which  have  been  made  are 
erroneous,  a  circumstance  due  to  the  very  small  quantities  of 
material  operated  upon.  Only  the  glycols  which  are  arranged  in  the 
table  in  the  same  vertical  series  are  strictly  homologous. 

§  VII.  DiHYDRic  Alcohols  op  the  CaH2a_8(OH)a  Series. 

(1505)  These  are  derived  from  the  hydrocarbons  of  the 
CnHgn-a  series  by  the  displacement  of  two  atoms  of  hydrogen  by 
two  OH  groups,  and  for  the  sake  of  convenience  may  be  divided 
into  three  classes  :  the  dihydric  phenols  or  orcinols,  such  as 
the  dioxybenzene,  resorcin,  CgH^(0H)2,  in  which  we  suppose  the 
OH  groups  are  both  united  directly  with  carbon  atoms  of  the 
benzene  nucleus;  the  aromatic  glycols,  such  as  xylene-glycol, 
CjH^(CH2'.OH)2,  in  which,  on  the  contrary,  both  the  OH  groups 
occur  in  the  side  chains ;  and  an  intermediate  class  of  alco- 
hols of  the  saligenin  series  or  saligenols,  which,  like  saligenin, 
CjH4(OH).CH2(OH),  contain  one  OH  group  in  the  benzene 
nucleus  and  the  other  in  the  side  chain. 

The  orcinols  bear  the  same  relation  to  the  phenols  that  the 
glycols  bear  to  the  alcohols  of  the  ethylic  series,  and  differ  in 
properties  from  the  glycols  in  the  same  manner  that  the  phenols 
differ  from  ethylic  alcohol  and  its  homologues.  From  the  con- 
stitution of  the  hydrocarbons  of  the  aromatic  series,  a  compara- 
tively large  number  of  isomeric  derivatives  of  this  class  may 
exist  theoretically,  although,  as  yet,  very  little  is  known  about 
them.  Thus,  benzene  may  furnish  three  isomeric  dihydroxyl 
derivatives  in  which  the  OH  groups  occupy  relatively  to  one 
another  the  ortho-  or  i  :  2  position,  the  meta-  or  i  :  3  position, 
and  the  para-  or  1:4  position  respectively ;  whilst  toluene  is 
capable  of  yielding  two  distinct  compounds  in  which  the  OH 
groups  occupy  the  ortho-position  relatively  to  one  another ;  three 
meta-derivatives  ;  and  one  para-derivativc  :* 


*  No  sjstematio  nomeaclatare  has  been  proposed  for  the  ortho-^ 


IffeUMlerivAtivM.  Pan-derivatiTa. 

Although  many  processes  have  been  employed  for  the  prepara- 
tion of  the  dihydroxyl  derivatives  of  benzene^  scarcely  anything  is 
known  of  the  application  of  these  methods  to  the  preparation  of 
their  higher  homologues.  It  is  possible^  however,  that  the  follow- 
ing may  be  found  to  be  more  or  less  general  : 

1.  Treatment  of  the  ethyl  or  methyl  ethers  of  the  formula 
C,jH2n_8(NH2)(OC2H5),  dcrivcd  from  the  monamido-derivatives  of 
the  phenols^  with  nitrous  acid,  and  subsequent  conversion  of  the 
sulphate  of  the  diazo-compound  thus  produced  into  the  ethyl 
compound  CnH2n_8(OH)(OC2H5)  by  boiling  it  with  water  This 
ethyl  derivative  may  then  be  transformed  into  the  dihydric  alco- 
hol CaH2n_8(OH)2  or  orcinol  by  heating  it  with  hydriodic  acid,  the 
C3H5  group  being  displaced  by  hydrogen. 

2.  From  the  corresponding  hydrocarbons  by  converting  them 
into  disulphonic  acids,  and  fusing  the  potassic  salts  of  these  acids 
with  potassic  hydrate. 


C„H^_,   +   aH,SO,  =   C„H^_s(HS03),  + 

aOH,. 

C.H.      +  aH,SO,   =     C,H,(HSO,),     + 

aOH,. 

BeDie\ie.                                           Benzeneditulphonic  uid. 

C„H^_8(KS0,),   +   aKHO  =  C.H^_8(0H), 

+  aKjSO,. 

C,H,(KSO,),      +   2KHO  =      C,H,(OH), 

+  aKjSO, 

3.  From  the  phenolmonosulphonic  acids  of  the  formula 
CnH2n-ft(OH)(HS03),  or  from  the  haloid  monosulphonic  acids 
CnHgn-s^C^SOg),  obtained  from  the  monohaloid  derivatives  of  the 
hydrocarbons  of  the  benzene  scries  by  similar  treatment. 

4.  Also  from  the  monohaloid  derivatives  of  the  phenols  by 
fusion  with  potassic  or  sodic  hydrate  (comp.  Resorcin). 

The  aromatic  glycols  closely  resemble  the  alcohols  of  the 
benzylic  series  in  their  general  behaviour.  They  are  prepared  from 


paru-dihydroxyl  derivatives  of  benzene  and  \i»  homologues,  of  which  pyrocatechin, 
resorcin,  and  hydroquinone  may  be  taken  as  the  types.  Considering  their  analogy 
to  phenol,  theso  three  parallel  series  might  be  appropriately  designated  cateckoU^ 
resorcinoU,  and  quinoU, — £i>s. 
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the  dihaloid  derivatives  of  the  hydrocarbons  of  the  benzene  series 
containing  the  halogen  in  the  side  chains^  in  the  same  manner 
that  the  alcohols  of  the  benzylic  series  are  prepared  from  the 
corresponding  monohaloid  derivatives;  thus: 

C,H,(CH,C1),  +  aKC,H,0,  =  C,H/CH,.C,H30,)g  +  aKClj 

Xyljlic  chloride.  Xylylic  acetate. 

C,H,(CHj.CjHjOj),  +  2KHO  =  C,H,(CHg.OH)j,  +  aKCjH,0,. 

Xjlylic  acetate.  Xylene-glycol. 

All  the  aromatic  glycols  at  present  known  contain  the  OH  groups 
in  different  side  chains. 

No  general  methods  for  the  preparation  of  the  saligenols  have 
been  devised. 

(1506)  DiHYDRoxYL  DERIVATIVES  OP  Benzene. — The  three 
possible  dihydroxyl  derivatives  of  benzene  are  all  known — namely, 
pyrocatechin,  resorcin,  and  hydroquinone,  which  are  the  ortho-, 
meta-,  and  para-compounds  respectively.  Of  these,  resorcin  re- 
sembles phenol  far  more  closely  in  its  chemical  properties  than 
either  of  the  other  two. 

(1507)  RE&oRCifi  or  Resorcinol ;  Met adioxy benzene:  CgH^fOH)^. 
— Resorcin,  although  a  meta-com  pound,  is  often  obtained  from 
both  meta-  and  para-di-derivatives  of  benzene  by  fusion  with  potassic 
hydrate.  For  instance,  on  treating  me/abromophenol  from  meta- 
nitraniliue  in  this  manner,  it  is  converted  into  resorcin  (Wurster 
and  Noltiug,  Deut.  cherth,  Ges.  Ber,,  vii.  904) ;  and  according  to 
Fittig  and  Mager  iiiid.,  vii.  11 77),  jyarabromophenol  under 
similar  circumstances  yields  resorcin  without  a  trace  of  hydro- 
quinone. It  has  also  been  prepared  by  a  similar  process  from 
parachloro-,  parabromo-,  and  pariodobenzenesul phonic  acids,  and 
from  both  benzenemeta-  and  benzeneparadisulphonic  acids  (Barth 
andSenhofer,  ibid,,  viii.  1483) ;  in  fact,  probably  the  best  method  of 
preparing  resorcin  is  to  convert  the  mixture  of  the  two  last  men- 
tioned acids,  which  is  formed  on  heating  benzene  with  fuming 
sulphuric  acid,  into  potassic  salts,  and  to'  fuse  the  mixture  of 
potassic  salts  with  potassic  hydrate.  Pariodphcnol,  when  fused 
with  potassic  hydrate  at  a  high  temperature,  yields  nothing  but 
resorcin  (Nolting  and  Wrzcsinski,  ibid,,  viii.  820),  althcfugh, 
according  to  Korner  {Ann,  Chem,  Pharm,,  cxxxvii.  216),  at 
t6j°  (329°  F.)  it  yields  nothing  but  hydroquinone.  Resorcin 
may  also  be  obtained  from  parachlorophenol  (b.p.  218*^  C.) 
(Faust,  Deut,  chem.  Ges,  Ber.,  vi.  J022).  It  would  appear,  in 
fact,  that  isomeric  change  almost  invariably  takes  place  when 
the  para-derivatives  of  benzene  are  fused  with  potassi<r-hvdraJ;e^ 
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resorcin  beins:  formed  in  place  of  hydroqiiinone ;  no  similar 
change  has  yet  been  observed  in  the  case  of  the  ortho-deriva- 
tives, however.  According  to  Woelz  (Ann.  Chem.  Pharm,, 
clxviii.  91),  fused  potassic  hydrate  is  without  action  on  hydro- 
quinone ;  therefore,  the  supposition  that  hydroquinone  is  first 
produced,  and  subsequently  undergoes  isoiheric  change  owing  to 
an  action  of  the  potassic  hydrate,  is  not  admissible :  apparently, 
the  change  takes  place  at  the  very  moment  at  which  the  hydro- 
quinone is  formed.  Resorcin  is  also  formed  when  galbanum, 
assafoetida,  ammoniacum,  sagapenum,  or  acaroid  resins  arc  fused 
with  potassic  hydrate ;  it  was,  in  fact,  whilst  studying  the  action 
of  the  alkalies  on  galbanum  that  Hlasiwetz  and  Barth  discovered 
this  interesting  compound  {Ann,  Chem,  Pharm.,  cxxx.  354) ;  um- 
belliferone,  C^Hfi^,  and  brazilin,  CjjHjgO^,  also  yield  resorcin 
when  similarly  treated. 

Id  all  these  cases  the  bubstance  to  be  operated  on  is  heated  with  two  or 
three  times  its  weight  of  potassic  or  sodic  hydrate  until  the  mass  is  in  a  state 
of  tranquil  fusion.  It  is  then  poured  out  on  a  stone  or  metal  surface,  the  cake 
dissolved  in  a  small  quantity  of  water,  and  the  solution  strongly  acidulated  with 
dilute  sulphuric  acid.  Afler  allowing  the  mixture  to  stand  for  twentj-ibur 
hours,  the  liquid  is  separated  from  the  crystals  of  sodic  or  potassic  sulphate,  filtered, 
and  agitated  with  ether  to  which  from  5  to  10  per  cent,  of  alcohol  has  been  added ; 
this  takes  up  the  resorcin,  which  is  obtained  in  the  crystalline  state  on  separating 
the  ethereal  layer  and  distilling  off  the  ether.  It  may  be  purified  by  distillation 
and  crystallization  from  benzene.  Kopp  considers  one  of  the  best  processes  for 
preparing  resorcin  to  be  the  dry  distillation  of  the  impure  brazilin  cake  formed 
on  adding  calcic  carbonate  to  the  wash  waters  obtained  in  the  manufacture  of 
brazilin  from  Brazil  wood  extract,  and  evaporating  to  dryness  (Deut.  chem.  Ges. 
JBer,,  vi.  446). 

Resorcin  crystallizes  in  colourless  triclinic  or  orthorhombic 
prisms,  which  are  easily  soluble  in  water,  and  excessively  so  in 
alcohol  or  ether.  It  melts  at  110°  (230  F.),  and  boils  at  about 
270°  (518°  F.).  No  metallic  derivatives  of  resorcin  are  known. 
Oxidizing  agents  act  violently  on  resorcin,  forming  oxalic  acid  ; 
nitric  acid,  however,  gives  rise  at  the  same  time  to  a  small 
quantity  of  trinitroresorcin  or  styphnic  acid.  Its  aqueous  solution 
is  coloured  dark  violet  by  ferric  chloride ;  the  addition  of  ammonia 
decolorizes  the  liquid. 

(1508)  Haloid  Derivatives  of  Sesorcin,  —  When  chlorine  is  pass^ 
into  an  aqueous  solution  of  resorcin,  brown  amorphous  products  are  pro- 
duced, but  if  a  concentrated  solution  of  resorcin  be  added  to  '  chlorine  hydrate' 
(335)»  taking  care  to  keep  the  latter  in  excess,  a  crystalline  * peniachlorO' 
resorcin*  C^HCl^O,,  is  obtained.  It  may  be  more  conveniently  prepared  by 
adding  alternately  in  small  portions  5  parts  of  potassic  chlorate  and  a  solution 
of  2  parts  of  resorcin  in  8  of  hydrochloric  acid  to  40  parts  of  hydrochloric  acid, 
always  keeping  the  chlorate  in  excess  and  cooliiig  the  mixture.  It  may  be 
purified  by  crystallization  from  carbonic  bisulphide,  and  forms  colourless  plates  or 
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prisms,  which  melt  at  92^*5  ( 1 98^*5  F.),  easily  soluble  in  alcohol  or  ether;  when 
treated  with  hydriodic  acid  it  yields  a  crystalline  trichlororesorcin  (Steuhouse, 
Ann.  Chem   Fharm,,  dxiii.  182). 

The  action  of  excess  of  bromine  on  resoroin  ^ives  rise  to  the  so-called  penta* 
bromoresorcin,  CgH13r,0,,  a  compound  almost  insoluble  in  water,  but  eaKily 
soluble  in  alcohol  or  ether;  it  melts  at  i  i^^'S  (236°  3  F.),  and  like  the  chlorinated 
compound  is  converted  into  trihromoresorcin  by  the  action  of  hydriodic  acid  (Sten- 
hoaae,  loc.  cit).  Liebermann  and  Dittler  (t6td,  clxix.  252)  have  found  that 
'  pentabromoresorcin/  when  carefully  heated  to  about  150''  (302°  F.),  loses  a 
molecule  of  bromine,  and  becomes  converted  into  tribromoresorquinone, 
CjHBr,Oj,  a  yellow  crystalline  substance.  Iodore8arcin,Cfi^lO^/iB  a  colourless 
crystalline  substance  formed  by  the  action  of  iodine,  in  presence  of  lead  oxide,  on 
resorcin  in  ethereal  solution.  According  to  Hlasiwetz,  aqueous  solutions  o 
resorcin,  in  common  with  those  of  orcin  and  phloroglucin,  are  capiCble  of  dis- 
solving a  considerable  quantity  of  iodine  without  acquiring  a  distinct  yellow  colour. 
The  iodine  cannot  be  detected  in  these  solutions  by  the  ordinary  reagents,  neither 
]«  it  volatilized  by  boiling  them ;  on  evaporating  the  liquid  in  vacuo,  however,  the 
resoroin  crystallizes  out  unchanged,  whilst  the  iodine  sublimes. 

(1509)  NitrosO'  and  NitrO'derivativea  qf  Besorcin. — Resorcin  is  readily 
converted  into  diniirosoresorcin,  CjH,(NO),(OH)j,  by  the  action  of  nitrous  acid  on 
its  aqueous  solution  ;  the  mono-potassium  derivative  of  this  compound  separating 
shortly  after  the  addition  of  a  solution  of  potassic  nitrite  to  a  solution  of  resorcin 
acidified  with  acetic  acid.  Dinitrosoresorcin  crystallizes  in  glistening  yellowish- 
brown  plates,  containing  two  molecules  of  water  of  crystallization ;  it  furnishes 
two  series  of  metallic  derivatives,  the  mono-derivatives  being  difficultly  soluble, 
but  the  di-derivatives  easily  soluble  in  water ;  nitric  acid,  even  if  very  dilute, 
converts  it  into  trinitroresorcin,  and  it  is  entirely  decomposed  on  oxidation  by 
potassie  permanganate  or  ferricyanide ;  it  is  readily  reduced,  however,  to  diamido- 
resorcin  (Fitz,  Deut.  chem.  Ges.  Ber,,  viii.  631). 

Monitroresorcin :  C,H,{NOj)(OH)j,  is  formed  along  with  diazoresorcin*  by 
the  action  of  nitrous  acid  on  resorcin  in  ethereal  solution,  and  is  extracted  from 
the  mother  liquors.  It  crystallizes  in  long  yellow  needles,  which  melt  at 
115°  (239°  F.).  It  forms  two  series  of  metallic  derivatives,  in  which  one  or 
both  of  the  hydrogen  atoms  in  the  hydroxyl  groups  are  displaced ;  they  crystallize 
well,  and  are  of  a  yellow  or  orange-red  colour.  On  reduction  it  yields  amido- 
resorctn;  and  by  the  action  of  bromine,  it  is  converted  into  dibromonitroresorcin, 
which  crystallizes  in  yellow  plates  melting  at  147^  (296°*6  F.)  (Weselsky, 
Ann,  Chem,  Pharm,,  clxiv.  i). 

Trinitroresorcin^  styphnic  or  oxypicric  acid :  CgH(NOJj{OH)j,  may  be  pre- 
pared directly  from  resorcin  by  adding  a  concentrated  solution  to  well  cooled 
faming  nitric  acid,  and  subsequently  dropping  the  mixture  into  sulphuric  acid 
cooled  to  -  15^  (5°  F.).  On  pouring  the  product  into  water,  the  nitro-derivative 
veparates  as  a  crystalline  powder,  which  may  be  purified  by  crystallization  from 
hot  water  (Stenhouse,  Proc,  Boy.  Soc,  xix.  410).  It  is  also  formed  by  the 
action  of  nitric  acid  on  brazilin,  or  on  tbe  extracts  of  Brazil  wood  or  Sapan  wood, 


*  The  chief  product  of  the  action  of  nitrous  acid  on  an  ethereal  solution  of 
rewrcin  is  the  so-called  diazoresorcin,  C^Hj^N^O,  =  3C,H,0,  +  2HN0j— 4H,0. 
It  is  remarkable  that  phenol  and  resorcin  both  yield  nitroso-derivatives  when  sub- 
mitted to  the  action  of  nitrous  acid  in  aqueous  solution,  but  diaxo-derivatives 
when  the  action  takes  place  in  an  ethereal  solution ;  this  subject  will  be  further 
dii«cartsed  under  diazo-com pounds.  Orcin  yields  a  body  of  the  composition 
Cj^HjjNO^  =  2C,H,0,  +  HNO,^  3OH,,  when  its  ethereal  solution  is  treated  with 
niuous  acid.  oig^zed  by  Google 
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and  from  eiizanthone,  eaxanihic  aeld,  or  peucedania.  Assafoetida,  amiEoniacum, 
galbaimm,  or  sagapeDiiin,  and  in  all  probability  all  resins  wbich  yield  reftorcin 
when  fused  with  potassio  hydrate,  give  trinitroresorcin  when  treated  with  nitrie 
acid.  Trinitroresorcin  crystallizes  in  pale  yellow  laminas,  or  ht^xagonal  prisms, 
which  melt  at  I75°*5  (347°'9  ^•)»  '^^®  trinitrophenol,  it  readily  furnishes 
metallic  derivatives.  On  reduction  it  is  converted  into  triamidoresorciu, 
CgH(NHj)j(OH)j,  the  hydrochloride  of  which  furnishes   diimidoaiDidoresorcin 


1^1  nh},. 

(  NH  CI 


hydrochloride,  CgH(OHj)j  <  NH  j  ,  on  treatment  with  ferric  chloride  (Schreder, 

I  NH.CI 
Ann,  Chem.  Pharm,,  clviii.  244). 

(15 10)  Pyrocatechin  or  Catechol;  Orthodioxybenzene : 
CqH^(OH)j. — This  compound  derives  its  name  from  the  fact 
that  it  was  originally  obtained  by  the  dry  distillation  of  catechu  : 
kino,  moritaunic  acid^  and  all  the  various  species  of  tannin  which 
give  a  green  coloration  with  ferric  selts,  also  yield  pyrocatechin 
when  submitted  to  similar  treatment.  Protocatechuic  acid, 
CgH3(0H)g.C00Il — which  bears  the  same  relation  to  pyro- 
catechin that  salicylic  acid  does  to  phenol —  when  heated,  splits 
up  into  pyrocatechin  and  carbonic  anhydride;  and  generally 
those  compounds  which  yield  protocatechuic  acid  when  fused 
with  potassic  hydrate  give  pyrocatechin  when  submitted  to 
destructive  distillation.  Pyrocatechin  has  also  been  obtained  in 
small  quantity  by  fusing  orthochlorophenol,  orthiodophenol,  and 
))henolorthosulphonic  acid  with  potassic  hydrate.  It  is  most 
readily  prepared  by  passing  gaseous  hydriodic  acid  into  guaiacol, 
(:gH4(OH)(OCIl3),  which  is  heated  in  a  retort  to  195°— 200° 
(3^3^ — 392°  ^O*  ®*  long  as  methylic  iodide  is  produced ;  the 
pyrocatechin  is  separated  from  the  residue  hy  fractional  distill ation^ 
and  purified  by  crystallization  from  benzene  (Baeyer,  Deut,  chem. 
Ges.  Ber,,  viii.  153). 

Pyrocatechin  forms  colourless,  shining  laminse,  belonging  to 
the  trimetric  system.  It  melts  at  102*^  (2i5°"6  F.)  (Fittig  and 
Eemsen;  Tiemann,  ibid.,  viii.  510),  but  begins  to  volatilize  at 
a  much  lower  temperature ;  its  boiling  point  is  variously  stated, 
but  appears  to  be  about  245°  (,473°  F.).  It  is  very  readily 
soluble  in  water  and  in  alcohol,  but  less  so  in  benzene,  the  latter 
solvent  affording  an  excellent  means  of  purifying  it.  It  is 
violently  acted  on  by  nitric  acid,  being  oxidized  to  oxalic  acid. 
Its  solutions  are  coloured  dark  green  by  ferric  chloride,  the 
colour  being  changed  by  alkalies  to  a  deep  red.  On  adding 
plumbic  acetate  to  a  solution  of  pyrocatechin,  a  white  precipitate 
of  the  compound  C^H^OgPb  is  produced  ;  by  this  reaction,  and  by 
the  coloration  with  ferric  chloride,  pyrocatechin  is  readily  dis- 
tinguished from  resorcin  and  hydroquinone.    Digitized  by  GoOglc 
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At  present  no  chloro-  or  nitro-derivatives  of  pyrocatechin  are  known,  but  a 
crystalline  tetrabronio-derivative,  C^Br^(OH)^  has  been  obtained  by  the  action  of 
bromine  on  pyrocatechin  and  by  heating  pi-otocatechuic  acid  with  bromine  to 
100°  (212°  F.).  Dry  bromine  is  without  action  on  tetrabromopyrocatechin, 
•  but  on  gently  warming  it  with  bromine  and  water  a  compound  of  the  composition 
CjgHjBrjjO  is  produced,  which  crystallizes  in  dark  crimson  coloured  plates 
(Stenhouse,  Joum.     hem,  Soc,  xzviii.  6). 

(1511)  Hydkoquinone  or  Quinol;  Paradioxybenzene  : 
CjH4(OH)o. — ^This  compound  is  usually  prepared  by  the  action 
of  nascent  hydrogen  on  quinone,  CgH^Og— by  treating  the 
latter  with  an  aqueous  solution  of  sulphurous  or  bydriodic  acid, 
or  with  tin  and  hydrochloric  acid.  It  is  the  chief  product  of 
the  destructive  distillation  of  quinic  acid,  and  of  the  dioxybenzoic 
acid  termed  gentisic  acid,  oxysalicylic  acid,  or  hydroquinone- 
carboxylic  acid  (Hlasiwetz  and  Haberraann,  Ann,  Chem.  Pharm., 
clxxs.  343;  Demole,  Deut.  chem,  Ges.  Ber.,  vii.  144 1  ;  Rakowsky 
and  Leppert,  ibid,,  viii.  788). 

It  may  be  produced  from    paranitrophenol  (m.p.  1 14*^  C.)  by 

Griess's   method   (Salkowski,  ibid,,  vii.  1008),  and  from  pariodo- 

phenol  by  fusion  with  potassic  hydrate  (Korner) ;  it  may  also  be 

prepared  from  phenol  in  the  following  manner : 

Phenol  is  Erst  converted  into  diazophenol  by  passing  nitrons  vapours  into  a 
well  cooled  ethereal  solution ;  afler  some  time  the  liquid  becomes  filled  with 
needles  of  diazophenol  nitrate,  CjH^(OH).Nj(NOg),  which  are  dissolved  in  a 
suitable  quantity  of  dilute  sulphuric  acid  (i  vol.  H,S04  to  2  vols,  water),  the 
solution  mixed  with  alcohol,  and  sufficient  ether  then  added  to  cause  turbidity. 
The  diazophenol  sulphate,  which  after  Kome  time  cryntallizes  from  the  well 
cooled  solution,  is  dissolved  in  water,  the  solution  mixed  with  10  to  15  percent,  of 
concentrated  sulphuric  acid,  and  then  heated  until  the  liquid  assumes  a  dark  red 
oolour;  the  hydroqui Done  thus  produced  is  extracted  by  agitating  the  cold 
solution  with  ether  (Weselsky,  ibid,^  viii.  98;  ix.  1059). 

Hydroquinone  forms  transparent  colourless  rhombic  plates 
or  prisms,  which  melt  at  169°  (336*^*2  F.)  (Hlasiwetz,  loc,  cit.), 
and  sublimes  readily  in  glistening  plates.  It  is  easily  soluble  in 
hot  water  and  also  in  alcohol  or  ether.  It  dissolves  in  an  aqueous 
solution  of  the  alkaline  sulphites,  and  is  readily  converted  by  the 
action  of  ferric  chloride  and  of  oxidizing  agents  generally,  first 
into  the  so-called  quinhydrone,  and  subsequently  into  quinone, 
CgH^Og.  Hydroquinone  and  resorcin  both  yield  sulpho-acids 
which  require  investigation. 

(151 2)  Haloid  Derivatives  of  Hydroquinone. — These  cannot  be  obtained 
direitly  from  hydroquinone,  as  the  first  action  of  the  halogen  is  to  remove 
hydrogen  and  convert  it  into  quinone:  CgH^(OH)j  +  Cl^  =  CgH^O^  +  2HCI, 
which  by  the  further  action  of  the  haloi^en  yields  haloid  derivatives  of  quinone. 
In  all  cases  the  haloid  derivatives  of  hydroquinones  are  obtained  by  the  action  of 
reducing  agents  on  the  corresponding  haloid  quinone  derivatives ;  they  are  all 
colourless.      Monochlarhydroquinone,  C^HjCl(OH)j,  is  readily  soluble  'n  water 
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and  very  Aoluble  in  alcohol  or  ether.  Dichlorhydroquinone,  C^HjCl^iOU)^, 
form8  nacreous  crystals  which  melt  at  164^  (327°'2  F.)t  hut  begin  to  sublime  at 
120°  (248°  F.);  it  is  only  sparingly  soluble  in  cold  water,  but  readily  soluble  in 
alcohol  or  ether.  Trichlorhydroquinone,  CjHCl,(OH)j,  crystallizes  in  plates, 
which  melt  at  134°  (273°'2  F.)  and  sublime  readily  ;  it  is  only  moderately  soluble* 
in  boiling  wat«r.  Tetrachlorhydroquinone  or  chlorhydranil,  CgCl^(OH)j,  is 
insoluble  in  water.  These  four  chlorinat^ed  derivatives  offer  a  very  g^ood  example 
of  the  graduated  change  in  physical  properties  produced  by  the  successive  dis- 
placement of  the  hydrogen  atoms  in  a  compound  by  halogens.  As  the  amount  of 
chlorine  increases  the  solubility  and  volatility  of  the  compound  decreases,  until  in 
the  case  of  tetrachlorhydroquinone,  where  all  the  hydrogen  atoms  directly  united 
with  carbon  are  displaced,  the  substance  becomes  insoluble  in  water,  and  cannot 
be  volatilized  without  decomposition  under  the  ordinary  pressure.  Tribramr 
hydroquinone,  CjH,Brg(OH)j,  and  teirabromhydroquinone  or  bromhydranil, 
CgBr^(OH)j,  are  colourless  crystalline  substances  closely  resembling  the  corre- 
sponding chlorinated  derivatives  in  appearance  and  properties.  No  iodine  deri- 
vatives are  known.  Strecker  obtained  a  dinitrohydroquinone  together  with  glucose, 
by  heating  dinitroarbutin  with  very  dilute  sulphuric  acid : 

C„H„(NO,).(OH).  +  OH.  =  C.H.(NO.).(OH).  +  C.H„0,. 
It  crystallizes  in  golden  yellow  glistening  plates. 

( I  5 1 3)  Constitution  of  the  Dihydroxyl  Derivatives  of  Benzene. — 
Not  only  has  the  constitution  of  these  compounds  been  the  sub- 
ject of  much  discussion^  but  the  views  now  entertained  with 
regard  to  them  are  very  diflferent  from  those  formerly  held  by 
chemists.  Thus,  resorcin,  which  we  now  regard  as  metadioxy- 
benzene,  was  long  supposed  to  be  a  para-di-derivative  of  benzene^ 
owing  to  the  fact  that  a  number  of  compounds  from  which  it 
was  obtained  on  fusion  with  potassic  hydrate,  when  distilled  with 
potassic  cyanide,  were  converted  into  a  dicyanobeuzene  capable 
of  yielding  an  undoubted  para-di-derivative — namely,  terephthalic 
acid  :  the  occurrence  of  isomeric  change,  especially  in  the  case  of 
compounds  which  theoretically  should  furnish  hydroquinone,  being 
unsuspected.  At  that  time  hydroquinone  was  placed  in  the  ortho- 
and  not,  as  at  present,  in  the  para-series  of  di-derivatives,  on  ac- 
count of  its  relation  to  quinone,  which  Graebe  regarded  as  formed 
from  benzene  by  the  displacement  of  two  contiguous  hydrogen 
atoms  by  the  dyad  group  (0  —  0)'',  although,  as  will  be  shown 
later  on,  the  reasons  for  this  conclusion  were  of  the  most 
artificial  character. 

As  the  considerations  upon  which  our  views  of  the  constitu- 
tion of  the  di-derivatives  of  benzene,  and  of  the  phenol  deriva- 
tives, are  based  have  already  been  discussed  at  length,  it  will 
only  be  necessary  to  point  out  that  the  constitution  of  hydro- 
quinone is  established  by  its  formation  from  paranitrophenol  and 
from  pariodophenol,  and  especially  by  its  relation  to  quinone 
(q.v.) ;  the  constitution  of  pyrocatechin  being  determined  by  its 
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formation  from  orthochlorophenol  (from  orthonitrophenol)  and 
orthiodophenol  on  fusion  Tvith  potassic  hydrate.  Hydroquinone 
being  para-,  and  pyrocateehin  orthodioxybenzene,  it  follows  that 
resorcin  is  metadioxy benzene ;  but  the  superior  stability  of 
resorein,  as  compared  with  its  isomerides,  alone  almost  justifies 
our  placing  it  in  the  meta-series,  the  meta-di-deriyatives  of  ben- 
zene, to  judge  from  all  recent  investigations,  being  as  a  class  of 
much  greater  stability  than  the  ortho-  or  para-derivatives. 

(15 1 4)  DiHYDROXYL   DERIVATIVES  OP  ToLUENB  :    CjIIq{OH\^ 

124. — Our  knowledge  of  these  compounds  is  extremely  limited, 

•  only      two      having      been      investigated — namely,      saligenin, 

CgH^(0H).CH2(0H),  and  orcin,  CH3.CgH3(OH)3 ;  a  number  of  iso- 

merides  of  orcin  have  been  obtained,  but  only  imperfectly  described. 

(1515)  Saligenin  or  Saligenol:  CgH^(0H).CH2(0H) ;  Or^ 
thomethoxyphenol :  (OH  :  CH2.0H=i  :  a). — This  compound  par- 
takes both  of  the  character  of  a  phenol  and  of  a  primary  alcohol, 
and  is  formed  by  the  action  of  nascent  hydrogen  on  salicylic  or  orth- 
oxyben^oic  aldehyde,  CgH^(OH).COH,  on  treating  the  latter  with 
sodium  amalgam  in  presence  of  water.  It  is,  however,  most  con- 
veniently prepared  from  8alicin,Ci3Hjg07,  the  glucoside  of  saligenin, 
by  decomposing  it  with  emulsin  or  synaptase,  or  by  boiling  it  with 
dilute  acid,  as  recommended  by  Piria,  the  reaction  which  takes 
place  being  represented  by  the  equation  : 

C„H,30,  +  OH,  =  C^HgO,   +  C«H,,0,. 

Salicin.  Saligenin.  Qlacose. 

The  saligenin  is  extracted  from  the  aqueous  solution  by  agitating 
it  with  ether,  and  separates  on  evaporating  the  ethereal  solution.  It 
crystallizes  in  colourless  rhombic  plates  which  melt  at  82°  (179°  F.), 
and  sublimes  at  loo*'  (212*^  F.).  It  is  excessively  soluble  in 
boiling  water,  and  in  alcohol  or  ether ;  it  also  dissolves  easily  in 
hot  benzene.  One  of  its  most  characteristic  reactions  is  the 
bright  indigo-blue  coloration  which  its  aqueous  solution  gives 
with  ferric  salts.  It  is  easily  reconverted  into  salicylic  aldehyde 
by  the  action  of  most  oxidizing  agents,  such  as  chromic  acid, 
argentic  oxide,  &c.,  although  when  oxidized  by  a  mixture  of  man- 
ganic peroxide  and  sulphuric  acid,  it  gives  nothing  but  formic  acid 
and  carbonic  anhydride  without  a  trace  of  the  aldehyde. 

A  monochlorosaUgenin,  0^11501(011)2,  and  a  dichlorosaliffenin, 
€711^012(011)2,  have  been  obtained  from  the  corresponding  chloro- 
salicins  by  the  action  of  emulsin.  They  are  both  colourless  crys- 
talline substances. 

(1516)  Orcin  or  Orcinol;  (?)  Methylresorcinol:  OH3.0QH^rOH)3. 
— Orcin  was  discovered  in  the  Variolaria  dealbata  by  Robiquet  in 
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1829,  who  obtained  it  by  treating  the  lichen  with  alcohol^  evaporat- 
ing, and  exhausting  the  residue  with  water;  the  aqueous  solution, 
when  concentrated  and  allowed  to  standi  deposited  the  orcin  in  a 
crystalline  state.  Although  small  quantities  of  this  compound  ap- 
pear to  exist  in  various  lichens,  it  is  invariably  obtained  by  decom- 
posing erythrin  or  lecanorin  by  boiling  it  with  calcic  hydrate 
and  water.  When  erythrin  is  thus  treated,  the  first  action  which 
takes  place  is  undoubtedly  that  represented  by  the  equation : 

^20^22^10   +   OH3   =   CjaHjgO^   +  CgHgO^; 

Erythrin.  Picroerythrin.  OrBellinic  add. 

the  erythrin  being  decomposed  and  converted  into  picroerythrin 
and  orsellinic  acid.  The  orsellinic  acid,  CH3.CgH2(OH),.COOH, 
which  bears  the  same  relation  to  orcin  that  salicylic  acid, 
CgH^(OH).COOH,  does  to  phenol,  then  loses  the  elements  of 
carbonic  anhydride  by  the  further  action  of  the  lime,  and  yields 
orcin,  thus : 

C,H,(CH3)(0H),.C00H  =  C,H3(CH3)(OH),   +  CO,. 

OrBellinic  add.  Ordn. 

Picroerythrin,  a  body  which  may  be  regarded  as  an  acid  ethereal 
salt  of  the  tetrahydric  alcohol  erythrite,  and  as  having  the  com- 
position CgH2(CH3)(OH)3.COO(C^Hg03),  is  also  readily  decom- 
posed by  the  hydrates  of  the  alkalies  and  alkaline  earths  into 
erythrite  and  orsellinic  acid ;  but  the  latter  at  the  instant  of  its 
liberation  is  resolved  into  orcin  and  carbonic  anhydride  : 

C,,U,fl,   +   BaHgO,  =   C7H3O2   +   C,Hi,0,   +   BaCO,. 

Picroerythrin.  'Ordn.  Erythrite. 

Lecanorin,  CigH^^O^,  which  is  apparently  the  anhydride  of 
orsellinic  acid,  is  also  resolved  into  orcin  and  carbonic  anhydride 
under  the  influence  of  alkalies  ;  orsellinic  acid,  or  rather  a  metallic 
orsellinate,  being  formed  as  an  intermediate  stage  of  the  reaction  : 

Cs"?^^  I  o  +   OH    =   2C  H  O 

Lecanorin.  Orsellinio  add. 

Orcin  has  also  been  found  by  Hlasiwetz  {Ann.  Chetn.  Pharm., 
cxxxiv.  2,Sy),  together  with  paroxy benzoic  acid,  amongst  the  pro- 
ducts of  the  action  of  fused  potassic  hydrate  on  aloes. 

In  order  to  prepare  orcin,  the  freshly  precipitated  moist  lecanorin  or  erythrin 
is  boiled  with  water  and  excess  of  lime  for  about  half  an  hoar,  taking  care  to 
avoid  access  of  air  as  far  as  possible,  which  otherwise  would  cause  the  formation 
of  a  red  coloured  reviuous  matter.  The  solution  is  filtered,  the  excess  of  jime 
removed  by  a  stream  of  carbonic  anhydride  (or  more  conveniently  on  a  large 
scale  by  exactly  neutralizing  with  dilute  sulphuric  acid),  aj^aiu  filtend,  aud 
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evaporated  to  dryness  on  a  water  bath.  The  oroin  may  readilj  be  extracted 
from  this  product  by  exhausting  it  with  a  mixture  of  coal-tar  hydrocarbons, 
boiling  at  about  110°  (230°  F.),  which  dissolves  the  orcin,  bat  leaves  the 
various  dark-coloured  impurities,  and  also  the  erythrite  (the  latter,  however,  is 
only  present  when  erythrin  has  been  used  as  the  source  of  the  orcin) ;  if  the 
hot  solution  is  agitated  with  water,  the  orcin  is  removed,  and  the  hydrocarbon 
can  be  at  once  poured  back  on  to  the  residue.  The  aqueous  solutions  when 
sufficiently  concentrated  yield  nearly  pure  orcin  in  a  crystalline  state.  The 
brown  coloured  residue,  after  being  exhausted  by  the  hydrocarbon,  readily  yields 
erythrite  by  crystallization  from  boiling  water.  It  is  easier,  however,  when  very 
large  quantities  of  substance  are  operated  upon,  to  dissolve  out  the  orcin  by 
treating  the  solid  product  with  alcohol,  and  subsequently  to  purify  it  by  repeated 
crystallizations  from  hot  water. 

As  thus  obtained  it  forms  hexagonal  monoelinic  prisms, 
containing  a  molecule  of  water  of  crystallization,  and  having 
therefore  the  composition  C^H^Og  -f  OH^ ;  when  pure  it  is  colour- 
le^,  but  on  exposure  to  the  air  it  soon  becomes  of  a  pale  reddish- 
brown  colour.  These  crystals  fuse  at  58°  (i36°'4  P.)  with  loss  of 
water;  whilst  anhydrous  orcin  melts  at  86°(i86°'8  F.).  At  a 
higher  temperature  orcin  distils,  the  first  portions  of  the  distillate 
containing  some  water,  whilst  subsequently  anhydrous  orcin 
passes  over  at  290°  (554^  F-) ;  in  this  operation  a  slight  decompo- 
sition takes  place  if  conducted  at  the  ordinary  atmospheric  pres- 
sure, but  under  diminished  pressure  it  distils  as  a  colourless  oil, 
which  solidifies  on  cooling.  In  fact,  distillation  in  vacuo  forms 
by  far  the  best  method  of  obtaining  pure  and  colourless  oroin. 

Orcin  is  exceedingly  soluble  in  alcohol,  ether,  or  boiling 
-water,  but  much  less  soluble  in  cold  water.  It  is  only  mode- 
rately soluble  in  boiling  benaene.  It  has  a  very  sweet,  but 
somewhat  astringent  taste.  It  has  marked  acid  properties,  fused 
orcin  -decomposing  sodic  carbonate  with  evolution  of  carbonic 
anhydride.  Like  its  lower  homologues  it  readily  enters  into  re- 
action with  acid  chlorides,  forming  compounds  such  as  the  ace- 
tate CH3.CgH3(O.C2H30)g.  Oxidizing  agents  readily  attack  it 
with  formation  of  oxalic  acid ;  and  like  phenol,  when  heated 
with  concentrated  sulphuric  acid  it  gives  rise  to  a  sulphonic  acid. 
The  two  most  remarkable  and  characteristic  reactions  of  orcin, 
however,  are  those  which  take  place  when  it  is  treated  with 
hypochlorites,  and  with  ammonia.  Hypochlorites  give  an  intense, 
but  transient  purple  red  colour  with  the  most  minute  trace  of 
orcin  or  any  of  those  lichen  acids  which  yield  it;  Stenhouse 
{Joum,  Chem,  Soc,  xx.  221)  has  founded  on  this  a  volumetrio 
process  for  the  determination  of  the  value  of  '^  orchella  weed.'* 
When  a  solution  containing  orcin  and  ammonia  is  exposed  to 
the  air,  it  rapidly  acquires  a  deep  purple  colour,  that  of^he  so- 
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called  orchil  or  ai'chil  so  largely  used  for  blooaiing  indigo  dyed 
goods.  Wheii  potassic  or  sodic  carbonate  is  present  as  well  as 
ammonia^  a  blue  colouring  matter  is  formed^  identical  with  that 
contained  in  litmus. 

(151 7)  Constitution  of  Orcin. — ^Vogt  and  Henninger  {Ann. 
Chim.  Phys.  [4],  xxvii.  129),  by  treating  with  sulphuric  acid  the 
(o-i)chlorotoluene  prepared  by  the  action  of  chlorine  on  toluene 
in  presence  of  iodine^  obtained  a  mixture  of  two  chlorotoluene- 
sulphonic  acids^  CHg.CgHgCLSOgH,  which  were  separated  by  taking 
advantage  of  the  difference  in  the  solubility  of  their  baric  salts. 
By  fusing  the  potassic  salt  of  the  a-acid  with  about  twice  its 
weight  of  potassic  hydrate,  dissolving  the  fused  mass  in  water,  and 
extracting  the  acidified  solution  with  ether  in  the  usual  way,  an 
ethereal  solution  was  obtained,  which  furnished  a  brown  syrup  on 
evaporation  of  the  ether;  by  distilling  this  syrup  in  vacuo,  and 
crystallizing  the  distillate  from  water,  crystals  were  obtained  of 
the  composition  C^HgO^  +  OHj,  having  all  the  properties  of  the 
orcin  prepared  from  lichens.  The  melting  point  of  the  synthetic 
product  was  found  to  be  57°'i  (i34°*8  F,),  and  there  appears  to 
be  but  little  doubt  as  to  its  identity  with  the  natural  product. 

Now  the  chlorotoluene  employed  by  Vogt  and  Henninger  was 
undoubtedly  a  mixture  of  the  ortho-  and  para-compound,  but  from 
their  description  of  the  salts  of  their  a-acid,  it  is  evident  that  the 
latter  is  identical  with  the  or/Aochlorotoluenesulphonic  acid  of 
Hiibner  and  Majert  {Deut.  chem.  Ges.  Ber.,  vi.  790) ;  the  consti- 
tution of  this  acid  has  not  been  directly  ascertained,  but  the  in- 
vestigations carried  on  under  Hubner^s  direction  {Ann,  Chem. 
Pharm.j  clxix.  i)  have  shown  that  orthobromotoluene,the  behaviour 
of  which  it  can  scarcely  be  doubted  is  strictly  comparable  with 
that  of  orthochlorotoluene,  furnishes  only  a  single  sulpho-acid, 
and  that  the  sulpho-group  in  this  acid  is  in  the  meta-position 
relatively  to  the  methyl  group  of  toluene.  Only  two  formulse  are, 
therefore,  possible  for  orthochlorotoluenesulphonic  acid — namely  : 

CH3 


SO,H 


\y 


S03H 


As  the  behaviour  of  the  mono-derivatives  of  toluene  is  frequently 
analogous  to  that  of  the  corresponding  derivatives  of  benzene,  the 
first  of  these  formulae  is  the  more  probable,  since  chlorobenzene 
is  converted  into   parachlorobenzenesulphonic  acicUon  treatment 
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with  sulphuric  acid.  From  this  it  might  appear  as  if  the  hydroxyl 
groups  in  orcin  occupied  the  same  relative  positions  as  in 
hydroquinone,  CH3  :  OH  :  OH  =  i  :  a  :  5;  but  since  the  reactions 
and  properties  of  orcin  and  resorcin  so  very  closely  resemble  one 
another^  it  is  highly  probable  that^  as  in  the  formation  of 
resorcin  from  parachlorobenzenesulphonic  acid,  an  isomeric 
change  takes  place  during  the  fusion  with  potassic  hydrate,  and 
that  the  orcin  produced  in  the  reaction  is  really  methylmeta- 
dioxybenzene,  CH3 :  OH  :  OH  :  1  :  2  : 4. 

(1518)  Haloid  and  Nitro- derivatives  qf  Orcin. — When  chlorine  is  paflsed 
into  an  aqueous  solution  of  orcin,  or  when  dry -orcin  is  treated  with  the  gas, 
dark  brown  resinous  products  are  produced,  from  which  no  well-defined  crystalline 
product  has  been  obtained.  When,  however,  an  aqueous  solution  of  orcin  is 
added  to  the  so-called  '  chlorine  hydrate,*  or  to  a  mixture  of  hydrochloric  acid 
with  potassic  chlorate,  care  being  taken  to  keep  the  chlorinating  agent  in  excess, 
a  colourless  crystalline  product  is  obtained,  which  may  be  readily  purified  by 
crystallization  from  carbonic  bisulphide.  It  melts  at  I20°'5  (248°'9  F.),  and 
has  the  composition  of  pentachlororcin,  C,HjCljO,.  From  Liebermann  and 
Dittler's  investigation  of  the  so-called  pentabromoresorein  (p.  523),  it  is  highly 
probable,  however,  that  this  substance  is  not  merely  a  chlorine  substitu- 
tion derivative  of  orcin,  CyHClj(OH)j,  but  a  chlorine  additive  compound, 
CyHjCl,Oj.Clj,  partaking  of  the  nature  of  a  quinone.  It  is  a  curious  circumstance 
that  the  compound  C,HjCljO,  is  capable  of  uniting  directly  with  a  molecule  of 
hypochlorous  acid  when  it  is  treated  with  a  solution  of  an  hypochlorite  to  which 
hydrochloric  acid  has  been  added.  The  compound,  CyHjCl,Oj.HClO,  is  also 
obtained  when  orcin  dissolved  in  hydrochloric  acid  is  added  to  a  solution  of 
bleaching  powder.  When  '*  pentachlororcin"  is  treated  with  a  reducing  agent, 
such  as  hydriodic  acid,  two  of  the  chlorine  atoms  are  displaced  by  hydrogen,  and 
trichlororcin,  C,HjCl,(OH)j,  b  produced.  It  forms  colourless  needles,  which 
melt  at  123°  (253^-4  F.). 

"  Pentabromorcin"  OyH^Br^Oj,  is  readily  formed  on  adding  an  aqueous 
solution  of  orcin;  with  constant  agitation,  to  a  mixture  of  bromine  and  water. 
It  crystallizes  in  large  colourless  prisms,  which  melt  at  126^  (258*^*8  F.) : 
treatment  with  dilute  hjdriodic  acid  converts  it  into  tribromorcin,  C,H,Br,{OH), 
(Lamparter,  ibid.,  cxxxiv.  257;  Stenhouse,  Proc.  Boy.  Soc.,  xx;  72).  A 
monohromorcin,  C,H^Br(0H)2,  was  obtained  by  Lamparter,  on  mixing  solutions 
containing  molecular  weights  of  bromine  and  orcin  and  evaporating.  A  triodorcin, 
C,H,I,(OH)g,  crystallizing  from  carbonic  bisulphide  in  large  transparent  plates, 
is  produced  when  an  aqueous  solution  of  orcin  is  precipitated  with  a  solution 
of  iodine  monochloride ;  and  a  moniodorcin,  CyHjl(OH),,  has  been  obtained  by 
treating  an  ethereal  solution  of  orcin  and  iodine  with  finely  powdered  lead  oxide 
(Stenhouse,  ibid.,  xxii.  53). 

NUro-derivatives  of  Orcin. — According  to  Weselsky  (Deut  chem,  Ges.  Ber,, 
vii.  439),  when  an  ethereal  solution  of  orcin  is  treated  with  a  solution  of  nitrous 
in  nitric  acid,  two  isomeric  mononitroorcine,  C^RJ(^0^){pll)^,  are  produced, 
together  with  other  compounds,  and  are  obtained  on  evaporating  the  clear 
ethereal  solution.  The  a-nitroorcin  being  volatile  in  the  vapour  of  water,  is 
readily  separated.  It  crystallizes  in  long  orange*red  needles,  which  melt  at 
120**  (248*  F.),  and  are  easily  soluble  in  alcohol  or  ether,  but  only  sparingly  in 
cold  water.  The  P-niiroorcin  obtained  from  the  tarry  residue  by  boiling  it  with 
water,  forms  short  lemon-yellow  needles,  which  melt   at    115°  (239°  F|^Q«a[^ 
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adding bromine  to  its  ethereal  solution, rft6romo-/3-fit<roor««,C,H,Brj(NO,)(OH),, 
is  obtained  in  dark  yellow  plates  melting  at  II2**  (233°'6  F.),  Trinitroorein^ 
CyH,{N02)g(0H)j,  is  prepared  from  orcin  by  dissolving  it  in  a  small  quantity  of 
warm  water,  and  adding  the  solution  gradually  to  faming  nitric  acid  which  haa 
been  cooled  to  —  i6°  (5°  F.)  by  a  freezing  mixture.  The  pale  brown  solution 
thus  obtained  is  then  slowly  added  to  about  twice  its  bulk  of  concentrated  sul- 
phuric acid  also  cooled  to  the  same  temperature ;  after  about  twenty  minutes 
the  resulting  pasty  mass  is  poured  into  a  mixture  of  crushed  ice  and  water,  and 
the  bright  yellow  precipitate,  after  being  washed  and  dried,  is  recrystallized  from 
boiling  water.  It  forms  large  yellow  needles,  soluble  in  alcohol,  ether,  and 
benzene,  which  fuse  at  162^  is^S^'^  ^)t  '^^  ^t  a  slightly  higher  temperature 
decompose  with  a  feeble  explosion ;  although  it  resembles  triuitrophenol  in  dyeing 
the  skin  yellow,  it  has  not  the  slightest  bitter  taste  (Stenhouse,  Proc,  Botf,  Soe., 
xix.  410).  The  nitroorcins  furnish  a  number  of  crystalline  orange-yellow  or  red 
metallic  derivatives,  such  as  potassium  trinitroorcin,  CHj.Cg(NO,),(OK),. 

(15 19)  Isomerides  of  Orrin. — A  crystalline  compound  apparently  isomeric 
with  orcin  has  been  obtained  by  Senhofer  (Ann,  Chem,  Phartn.,  clxiv.  f^i)  by 
fusing  the  potassic  salt  of  the  toluenedisulphonic  acid  prepared  by  heating  toluene 
with  sulphuric  acid  and  phosphoric  anhydride  to  230°  (44^°  F-)  for  four  or  five 
hours  with  an  excess  of  potassic  hydrate,  &c.  It  crystallizes  in  fine  needles 
containing  a  molecule  of  water ;  the  anhydrous  substance  melts  at  87°  ( 1 88°'6  F.), 
and  boils  at  about  260'  (500°  F.)  ;  it  gives  a  brownirth-green  colour  with  ferric 
salts,  and  when  exposed  to  the  air  in  contact  with  ammonia  forms  a  browniah 
solution  difierent  from  the  intense  violet-red  so  characteristic  of  orcin. 

HaUansson  (Deut,  chem.  Ges.  Ber.,  v.  1084),  by  heating  toluenemonosol- 
phonic  acid  (P  the  crude  acid  from  toluene  and  sulphuric  acid)  with  fuming  sul- 
phuric acid  at  160°  (320®  F.),  found  that  two  disulphonic  acids  were  produced,  both 
of  which  were  distinct  from  that  obtained  by  Senhofer.  The  potassic  salt  of  the 
a-acid — that  formed  in  largest  quantity  by  this  process — when  fused  with  potassic 
hydrate  yields,  besides  salicylic  acid,  a  crystalline  substance,  C^H^O,,  isomeric 
with  ordinary  orcin,  and  with  Senhofer*s  isoorcin.  Like  the  latter,  it  forms 
needles  containing  water  of  crystallization,  which  melt  at  about  95° ;  the  anhy- 
drous substance  melts  at  87* — 88°  (i88°-6 — 190°-4  F.),  and  boils  at  about 
270®  (518®  F.).  Its  most  characteristic  reactions  are,  that  it  gives  a  yellow 
(tolour  with  calcium  hypochlorite,  and  in  contact  with  air  and  ammonia,  a  blue 
colour,  which  is  changed  to  red  on  the  addition  of  acetic  acid. 
.  Homopp^ocaiechin  or  Methylcaterhol :  CHg.C,H,(OH),. — Hugo  MuUer 
(Zeits,  Chem,,  1864,  703;  Chem.  News,  x.  269),  by  submitting  that  portion 
of  English  wood  creasote  which  boils  at  219"  (426**-2  F.)  to  the  action  of 
hydriodic  acid,  obtained  methylic  iodide  and  a  syrupy  uncrystallizable  liquid, 
soluble  in  water  and  capable  of  being  distilled  without  decomposition.  The  same 
substance  has  since  been  separated  by  Gorup-Besanez  (Zeits.  Chem.,  1868,393) 
from  Rhenish  beech  tar,  and  also  hy  Marasse  {Ann.  Chem.  Pharm.,  clii.  75), 
along  with  phlorol,  cresol,  and  pyroeatechin,  by  acting  with  hydriodic  acid  on  the 
fraction  of  beech  wood  creasote,  which  boils  between  217*  and  221**  (42 2** '6 
and  428°  F.).  This  body,  to  which  the  name  homopyrocatechin  has  been  given, 
is  formed  from  the  creosol — the  homologue  of  guaiacol — ^present  in  these  sub- 
stances, in  the  following  manner : 

CH,.C.H,(OH)(OCHJ    +    HI  =   CH3.C.H,(0H),   +    CH.I 

CreosoL  Methylcatechol.  lodomethaae. 

Homopyrocatechin  has  not  yet  been  carefully  examined,  and  as  the  material  from 
which  it  was  prepared  does  not  appear  to  have  been  pure  creosol,  it  is  doubtful 
whether  the  substance  itself  has  ever  been  obtained  in  the  P^^^MtOialp 


152 1.]  ,  XYLENEGLYCOL BETAORCIN.  533 

Toluhydroquinone. — Although  neither  toluquinone,  QfiJiCK^O^,  nor  tola- 
hydroquinone,  C^Hj(CHj)(OH)j,  is  known,  a  trichlorinated  derivative  of  the 
latter  is  obtained  from  trichlortolnquinone  by  the  action  of  an  aqueous  solution 
of  sulphurous  acid.  Trichlorololuhtfdroquinone  or  trichloromethylquinol, 
C,Cl3(CH,)(0H),,  forms  colourless  needles  which  melt  at  212**  (4I3°*6  F.),and 
are  sparingly  soluble  in  water,  but  readily  in  alcohol.  It  may  be  sublimed 
without  decomposition. 

(1520)  Alcohols  of  the  Composition  CgHj^j(OH)j=  i38.~Xyleneglycol 
and  two  compounds  of  the  orcinol  class  are  the  only  alcohols  of  this  composition 
which  have  been  obtained. 

Xylene^lyeol  or  Paradimethoxyhenzene :  CgH^(CHj.HO)j. — This  compound, 
which  bears  the  same  relation  to  benzylic  alcohol,  C^U^.CH^(OH),  that  glycol 
does  to  ethylic  alcohol,  b  prepared  by  he<Lting  dichloro-  or  dibromoparaxylene 
(p.  321)  with  thirty  times  its  weight  of  water  at  iSo**  (356*^  F.),  and  after  con- 
centrating and  neutralizing  the  aqueous  solution,  extracting  the  glycol  with  ether : 
C.H,(CH,a),  4.  2OH,  =  C,H,(CH,.OH),  +  2Ha.  It  crystallizes  in  glistening 
needles,  readily  soluble  in  water,  alcqhol,  and  ether;  it  melts  at  113^  (235°'4  F.). 
On  oxidation,  it  is  converted  into  terephthalic  acid  (Grimaux,  Contpt.  Rend,, 
Ixx.  1363). 

Sydrophlorone  ;  (?)  Dimethylquinol :  (CH3)^CgH2(OH),.— This  compound 
is  produced  when  phlorone  or  dimethylquinone,  C^HgO^ — a  substance  obtained  by 
the  action  of  sulphuric  acid  and  manganic  peroxide  on  the  portion  of  the  coal- 
tar  phenols  boiling  at  190° — 220"  {374^ — 428°  F.) — is  suspended  in  water,  and 
a  current  of  sulphurous  anhydride  passed  into  the  liquid  until  the  crystals  have 
become  colourless.  It  crystallizes  from  boiling  water,  in  which  it  is  rather 
soluble,  in  colourless  glistening  plates,  readily  soluble  in  alcohol  or  ether.  When 
phlorone  is  heated  with  concentrated  hydrochloric  acid,  it  dissolves,  and  chlor' 
hydrophlorone,  Qfifi\{OK)^t  separates  on  cooling  in  the  crystalline  state. 
When  pure  it  forms  colourless  silky  needles  easily  soluble  in  ether,  alcohol,  or 
hot  water  (Rad,  Ann,  Chem.  Pharyn.,  cli.  164). 

Betaorcin:  (?)  (CH,),CgH3(0Hj). — This  homologue  of  orcin,  which  has 
been  very  little  investigated,  was  first  obtained  by  Stenhouse  {Ann.  Chem, 
Pharm,,  Ixviii.  104)  by  submitting  cladonic  acid  from  Cladonia  rangiferina 
to  destructive  distillation.  It  has  since  been  prepared  by  the  action  of  boiling 
alkaline  solutions  on  fi-erythrin,  a  substance  homologous  with  ordinary  erythrin 
obtained  from  a  peculiar  variety  of  Itoccella  fudformis  (Menschutkin,  Bull  Soc. 
Chem,  [2],  ii.  424 ;  Laraparter,  Ann,  Chem,  Pharm.,  cxxxiv.  243). 

It  crystallizes  in  brilliant  prisms  belonging  to  the  dimetric  system,  which 
melt  at  109*^  (228^*2  F.),  and  are  less  soluble  in  cold  water  than  orcin;  it  is 
easily  soluble  in  alcohol  and  ether.  When  treated  with  nitric  and  sulphuric 
acids,  as  in  the  preparation  of  trinitroorcin,  betaorcin  yields  a  nitro-derivative. 
With  ammonia  it  g^ves  a  splendid  red  colour  when  exposed  to  the  air,  and  with 
calcic  hypochlorite  a  blood-red,  very  different  from  the  purple  obtained  with 
orcin. 

( 1 5  2 1 )  Thymohydeoqxjinone  or  Methylpropylquinol ;  thymmlol : 
^w^iA  ^^  C,H3(CH,)(C3H^)(OH),.— Thymoqninone,  a  substance  obtained  from 
thymolsttlphonic  acid  by  distilling  it  with  manganic  peroxide  and  dilute  sulphuric 
acid,  when  treated  with  reducing  agents  is  converted  into  the  corresponding 
hydroquinone.  It  forms  colourless  prisms,  which  fuse  at  145°  (293°  F.)  and 
distil  without  decomposition  at  290^(554"  F.).  It  is  only  sparingly  soluble  in 
water,  but  readily  in  alcohol  and  in  ether.  Oxidizing  agents  reconvert  it  into 
thymoquinone  (Lallemand, -4»».  Chem,  Pharm.,  du  119;  Carstanjen,  Joum. 
pr.  Chem.  [2],  iii.  53). 
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§  VIII.  DiHTDBic  Alcohols  of  Series  higheb  than  the 
CnH2„.8(OH),  Series. 

Very  few  dihydroxyl  derivatives  of  hydrocarbons  containing 
relatively  less  hydrogen  than  those  of  the  benzene  series  are 
known^  and  even  those  which  have  been  obtained  are  at  present 
of  very  little  importance. 

(1522)  Hydbonafhthaquinonb  or  Naphthaqmnol :  Cj^H^O,  or 
C,^H,(OH),. — This  oompoand,  which  is  analogoas  iu  its  properties  to  hydro- 
quinone  or  qninol,  is  prepared  hy  the  action  of  reducing^  agents  such  as  hydriodic 
acid  or  stannous  chloride  on  naphthaquinone.  It  crystallizes  in  colourless 
needles,  which  melt  at  I76®(348**'8  P.) ;  it  is  comparatively  solnhle  in  boiling 
water,  but  crystallizes  out  almost  entirely  on  cooling ;  it  is  readily  soluble  in 
alcohol  or  ether ;  oxidizing  agents  reconvert  it  into  the  quinone  (Groves,  Joum, 
Chem.  Soc,  xxvi.  209).  Haloid  derivatives  of  naphthaqninol  are  not  known, 
but  they  would  undoubtedly  be  obtained  by  proper  treatment  from  the  chloro- 
naphthoquinones. 

(1523)  DiHTDBio  Alcohols  dbbived  fbok  thb  Htdbocabbons  of 
THB  DiPHBNYL  SsBiBS. — The  following  are  comprised  in  this  series ; 

M.P.»C. 


Paradiphenol  . 
Orthodiphenol  . 
Hydrobenzoin  . 
Isohydrobenzoin 

Dithymol    .     . 


I  HO.C.H,.C.H,.OH         ...         I       ^^J^ 

(?)  C.H,.CH(OH).CH(OH).C,H^     ...     134 

(P)C,H..C(OHX.CH,.C.H.  ...     120 

C,H,(CH.)(C.H,).OH 

CA(CH.)(C.H,).OH 


162 


(1524)  DiPHENOLS:  C„H3(0H),. — Paradiphenol  is  formed  from  dipar- 
amidodiphenyl  or  beuzidine  by  Griess's  method,  and  by  fusing  the  sodium  salt  of 
phenol^arasulphonic  acid  (p.  478)  with  sodio  hydrate,  &c.  (Lincke,  Joum.  pr. 
Chem,  [2],  viii.  43).  It  crystallizes  in  fine  needles,  or  small  rhombic  prisms, 
which  melt  at  I57''(3I4''6  F.) ;  it  is  difficultly  soluble  even  in  boiling  water, 
but  readily  dissolves  in  alcohol  or  ether,  and  in  solutions  of  the  alkalies.  It  is 
not  reduced  when  passed  over  heated  zinc  dust ;  it  forms  substitution  deriva- 
tives when  submitted  to  the  action  of  bromine,  nitric  acid,  or  sulphuric  arid 
(Lincke). 

Barth  {Ann.  Chem,  Pharm.,  clvi.  98)  has  obtained  an  isomeric  body, 
together  with  oxybenzoic  and  salicylic  acids,  by  fusing  phenol  with  an  excess  of 
potassic  hydrate  until  the  mass  assumed  the  consistence  of  a  thick  syrup,  the 
amount  formed  being  equal  to  12 — 15  per  cent,  of  the  phenol  employed.  It 
appears  to  crystallize  witli  difficulty,  and  does  not  furnish  well  characterized 
substitution  derivatives ;  its  aqueous  solution  is  coloured  violet  by  feriic  salts. 
By  heating  its  potassium  derivative  with  methylic  iodide  it  is  converted  into 
the  dianisol  CjjH3(0CH,),,  which  forms  octahedral  crystals,  melting  at  146** 
(2 94° '8  F.).  Judging  from  its  properties,  and  as  it  is  the  tendency  of  phenol 
to  form  ortho-  or  para-derivatives,  it  is  probable  that  the  compound  obtained 
by  Barth  is  the  ortho-modification  of  diphenol. 

According  to  Goldstein  (Deut  chem,  Ges.  3er„  vii.  734),  orthonitrophenol 
is  converted  into  a  dinitrodipheuol  on  oxidation  with  potassic  permanganate ;  it 
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cnblimeft  at  150^  (302^  F.),  without  fusing,  in  yellow  needles,  and  dissolyee 
readily  ia  alkalies,  forming  blood-rod  coloured  solutions.  It  is  probably  a 
derivative  of  paradipbenol. 

(1525)  Htdbobbmzoin  and  Isohydbobekzoim  :  Cj^Hj,(OH)j. — These  oom«> 
pounds  are  both  formed  by  the  action  of  nascent  hydrogen  on  benzoic  aldehyde : 
•CyH^O  +  H,  =  Cj^Hj^O,.  When  an  alcoholic  solution  of  the  aldehyde  is  treated 
with  zinc  and  hydrochloric  acid,  hydrobenzoin  is  the  principal  product,  whilst  by 
the  action  of  sodium  amalgam  on  a  solution  of  the  aldehyde  in  aqueous  ether 
chiefly  iM>hydrobenzoin  is  formed,  but  the  yield  is  unsatisfactory  in  both  cases. 
Hydrobenzoin  alone  is  obtained  by  the  action  of  nascent  hydrogen  on  benzoin  ; 
in  fact,  the  best  method  of  preparing  it  is  to  suspend  this  compound  in  cold 
aqueous  alcohol,  and  to  add  sodium  amalgam.  Benzil  also  furnishes  only 
hydrobenzoin  when  sodium  amalgam  is  added  to  its  warm  aqueous  solution. 
Stilbene  bromide,  C,^H^Br,,  when  heated  for  some  hours  to  about  the  boiling 
point  of  acetic  acid  with  an  equal  weight  of  argentic  acetate  and  a  small 
quantity  of  glacial  acetic  acid  is  converted  into  a  mixture  of  two  diacetates  of  the 
formula  Cj^Hj,(C,H,Oj),,  which  furnish  respectively  hydrobenzoin  and  isohydro- 
benzoin  'on  saponification,  a  monacetate  of  the  formula  Cj^Hj2(0H)(C,H,0^) 
being  also  formed,  which  furnishes  isohydrobenzoin.  But  on  heating  stilbene 
bromidewith^^o^nc  acetate  and  acetic  acid  to  about  160* — i6s°(320** — 329**F.) 
only  the  di-  and  monacetate  of  isohydrobenzoin  are  obtained,  together  with  an 
appreciable  amount  of  stilbene.  By  the  action  of  potassic  acetate  and  alcohol, 
only  stilbene  and  bromostilbene  are  produced ;  argentic  benzoate  in  presence  of 
xylene  has  an  action  similar  to  that  of  argentic  acetate,  the  dibenzoate  of  both 
hydrobenzoin  and  isohydrobenzoin  being  formed.  Lastly,  by  the  action  of 
argentic  oxalate  in  presence  of  xylene,  resinous  products  are  obtained,  together 
with  much  stilbene,  which  on  saponification  famish  hydrobenzoin  almost  exclu- 
sively (Forst  and  Zincke,  Ann,  Chem,  Pharm.,  clxzxii.  241). 

Hydrobenzoin  crystallizes  from  alcohol  in  large,  but  very  thin  monoclinic 
plates;  it  melts  at  134^  (273^*2  F.),  and  is  readily  soluble  in  alcohol,  but  only 
sparingly  in  cold  water.  Its  monacetate,  Cj^Hj,(OH)(CjH,Oj),  crystallizes  in 
long  needles,  which  melt  at  84''  (i83°-2  F.);  the  diacetate,  Cj^H^,(C,H,0,),, 
forms  large  monoclinic  prisms,  and  melts  at  134®  (2  73°'2  F.).  The  correspond- 
ing dibenzoate,  C^^H  (C,H,(.),),,  is  one  of  the  most  characteristic  hydrobenzoin 
derivatives;  it  is  sparmgly  soluble  in  cold  ether,  alcohol,  or  benzene,  but  more 
soluble  in  boiling  acetic  acid,  xylene,  or  alcohol,  and  crystallizes  in  small  brittle 
needles,  which  melt  at  247^  (476*^*6  F).  Isohydrobenzoin  is  readily  soluble  in 
alcohol,  ether,  or  chloroform,  from  which  it  crystallizes  in  monoclinic  prisms, 
melting  at  119** — 120**  (246°' 2 — 248**  F.);  it  separates  from  its  aqueous  solu- 
tion in  slender  glistening  needles,  containing  water  of  crystallization,  which  melt 
at  95® — 96°  (203® — 204^*8  F.)  Its  monacetate  crystallizes  in  shorter,  thicker 
needles  than  the  isomeride,  and  melts  at  88''  (190^*4  F.).  The  diacetate  separates 
from  a  hot  alcoholic  solution  in  glistening  plates,  which  melt  at  117*^  (242*^*6  F.), 
even  after  repeated  fusion;  but  it  crystallizes  from  the  mother  liquor  of  these  crystals 
on  spontaneous  evaporation  in  rhombic  prisms,  which  as  a  rule  melt  at  1 1 7^ — 118^ 
(242°'6 — 244*''4  F.),  but  after  fusion  melt  constantly  at  about  106°  (232*''8  F.). 
Sometimes  prisms  are  obtained  which  from  the  first  melt  at  106"  (222^*8  F.). 
On  dissolving  the  crystals  which  melt  constantly  at  117°  in  cold  alcohol,  and 
allowing  the  solution  to  evaporate  spontaneously,  prisms  are  obtained  which  at 
first  melt  at  117^  but  afterwards  at  106® ;  it  was  not  found  possible  to  convert 
the  crystals  of  lower  into  those  of  higher  melting  point  (Forst  and  Zincke). 
Isohydrobenzoin  dibenzoate  crystallizes  in  needles  easily  soluble  in  hot  alcohol, 
Ac.,  which  melt  at  iss"*— 156*  (311** — 3i2'*'8  F.).  On  heating  isohydroben- 
zoin with  benzoic  anhydride  to  i5o*— i6o*  (302" — 320"  F.),  itappears  to 
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furnish  a  mutture  of  the  dibenzoates  of  hydrobenzoin  and  kohjdrohenzoin. 
(Forst  and  Zincke). 

On  oxidation  with  cbromio  acid,  both  hjdrobenzoin  and  isohjdrobenzoin  fur* 
nish  almost  the  theoretical  amount  of  benzoic  aldehyde  and  benzoic  acid  (Forst 
and  Zincke,  DeuU  chenu  Ges,  Ber.,  viii.  799).  Nitric  acid  converts  hjdrobenzoin 
into  benzoin,  C,H^.CO.CH(OH).C,U,;  the  nature  of  the  crystalline  product  which 
is  obtained  by  its  action  on  isohydrobenzoin  has  not  yet  been  ascertained.  Both 
yield  compounds  of  the  eomposition  Cj^H^^Cl,  on  treatment  with  phospborio 
pentachloride,  but  the  product  from  hydrobenzoin  is  not  distinguishable  from 
that  from  isohydrobenzoin,  and  both  chlorides  furnish  tolane,  C,H^.C^C.C,H^» 
when  submitted  to  the  action  of  potassic  hydrate  (Amman  and  Fittig,  Ann.  Chem. 
JPharm.,  clxviii.  67).  The  brominated  compounds  C^^H^Br,  obtained  by  tha 
action  of  phosphorus  pentabromide  also  exhibit  the  same  properties  (Forst  and 
Zincke), 

The  constitution  of  hydrobenzoin  and  isohydrobenzoin  is  involved  in  consider- 
able obscurity.  The  formulae  which  are  most  in  accordance  with  their  general 
behaviour  are  C,H,.CH(OH).CH(OH).C,H.  and  C^H..C(OH),.CH,.C^H,  j  in  fact, 
their  behaviour  on  oxidation  may  be  regarded  as  proof  that  these  are  the  only  pos- 
sible formulffi,  since  we  must  suppose  that  each  contains  two  C^H^  groups,  the 
amount  of  benzoic  aldehyde  which  is  formed  being  almost  equal  to  that  required 
by  theory,  viz. : 

C.H..CH(OH).CH(OH).C,H,  4    (O  +  OH,)   =   2C.H..COH   +   2OH,. 

The  first  ibrmula  is  the  more  probable  expression  of  the  constitution  of  hydro- 
benzoin on  account  of  its  formation  from  benzoin,  but  many  objections  may  be 
urged  against  the  second  as  the  formula  of  isohydrobenzoin.  Thus,  we  may 
account  for  the  formation  of  the  diacetate  C,H,.C(C,H,Oj,.CH,.C^H,  from 
stilbene  bromide,  which  has  the  formula  C^H^.CHBr.CHBr.CjH,,  by  the  action 
of  potassic  or  argentic  acetate  in  presence  of  acetic  acid  in  the  same  way  that 
we  account  for  the  conversion  of  isoprimary  butylic  iodide  into  tertiary  butylic 
acetate  (p.  442) — viz.,  by  the  assumption  that  the  stilbene  bromide  is  first  con- 
verted into  bromostilbene,  C^H^XHzzCBr  C^H^,  which  then  combines  with  the 
acetic  acid  forming  the  acetote  C,Hj.CH,.CBr(C,H,O^.C,Hp  which  is  subse- 
quently converted  by  double  decomposition  into  the  diacetate;  but  we  cannot 
account  in  a  similar  manner  for  the  simultaneouM  formation  of  the  dibenzoates 
corresponding  to  the  two  alcohols  by  the  action  of  argentic  benzoate  on  stilbene 
bromide  in  presence  of  the  hydrocarbon  xylene.  Moreover,  we  have  seen  that 
compounds  in  which  two  OH  groups  are  associated  with  the  same  carbon  atom 
are  usually  very  unstable,  and  isohydrobenzoin  is  possessed  of  considerable 
stability.  Analogy  also  would  lead  us  to  expect  that  a  compound  of  the  formula 
C,Hj.C(OH),.CH,.CgH,  would  melt  at  a  lower  temperature  than  the  isomeric 
compound  of  the  formula  C,H,,CH(OH).CH(OH).C,H^,  whereas  hydrobenzoin, 
to  which  we  have  assigned  the  latter  formula,  melts  at  a  higher  temperature 
than  isohydrobenzoin.  The  great  difference  m  the  properties  of  the  acetates  and 
of  the  benzoates  of  hydrobenzoin  and  isohydrobenzoin  does  not,  however,  favour 
the  conclusion  that  they  belong  to  the  class  of  so-called  physical  isomerides,  but 
appears  rather  to  indicate  that  these  alcohols  are  really  bodies  of  different  chemical 
•constitution.  * 

(1526)  DiTHTMOL:  C^Hj^(OH)^.— This  compound  is  the  product  of  the 
action  of  ferric  chloride  on  thymol,  and  crystallizes  from  dilute  alcohol  in  rhombic 
plates,  containing  a  molecule  of  water.  It  melts  at  162**  (323^*6  F.);  benzoic 
chloride  converts  it  into  the  dibenzoate  (Boradin  and  Dianin,  Deut.  chem* 
Oes,  Ber.,  viii.  166). 

(1527)  AxTHRAHYDAOQUTNONE  or  Anthraquinol ;  dioxyanthracene : 
€j^H,(OH),,  is  formed  when  anthraquinone  is  fused  for  a  long  time  with^Ussio 
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hydrate  at  a  temperature  superior  to  250°  (432°  ¥,),  bat  is  far  more  conveniently 
prepared  by  pouring  a  dilate  solution  of  sodic  hydrate  on  a  mixture  of  anthra- 
quinone  and  zinc  dust  The  anthraqainone  gradually  dissolves,  and  on  adding  an 
acid  to  the  solution  the  anthraquinol  u  obtained  as  a  yellow  precipitate,  which 
rapidly  oxidizes  in  contact  with  the  air,  on  which  account  it  should  be  pre- 
cipitated, washed  and  dried  in  an  atmosphere  of  carbonic  anhydride  (Graebe). 

Phenanthrenehydroquinone  or  pkenanthraquinol :  C^fi^{OU)^,  an  isomeride 
of  anthraquinol,  is  obtaihed  in  the  usual  way  by  the  action  of  sulphurous  acid 
on  phenanthraquinone,  the  action  being  assisted  by  a  gentle  heat.  It  crystal- 
lizes from  a  hot  aqueous  solution  of  sulphurous  acid  in  long  colourless  needles, 
which  become  oxidized  in  the  moist  state,  but  are  more  stable  when  dry.  The 
comparative  facility  with  which  phenanthrenequinone  is  converted  into  the  corre- 
sponding hydroquinone  serves  as  a  means  of  distinguishing  and  separating  it 
from  anthraquinone,  which  is  not  acted  on  by  sulphurous  acid  (Graebe,  Ann, 
Chem,  Fharm.t  clxvii.  146). 

(1528)  Chbysenehydboquinone  or  Chrysenequinol :  CjgHjj(OH),.— 
Pyrenequinone,  which  is  the  only  known  quinone  derived  from  the  hydrocarbons 
of  the  CqH^q^ii  series,  has  not  been  converted  into  the  hydroquinone,  but 
ohrysenequinone  readily  yields  chrysenehydroquinone :  dissolving  when  boiled 
with  zinc  dust  in  an  aqueous  solution  of  potassic  hydrate,  and  on  adding  an  acid 
to  the  dear  yellow  solution  the  quiuol  is  pre<npitated  in  colourless  flocks,  which 
readily  oxidize.  This  change  takes  place  even  when  the  quinol  is  heated  to 
200  (392°  F.)  with  access  of  air,  the  quinone  being  reproduced,  or  by  dissolv- 
ing it  in  sulphuric  acid  and  agitating  it  with  air,  when  the  liquid  assumes  the 
blue  colour  so  characteristic  of  the  sulphuric  acid  solution  of  chrysenequinone 
(Liebermann,  ibid,,  clviii.  312). 

(1529)  DiNAPHTHOLS:  Cj^Hj^O,  or  Cjj,Hjj(OH),.— On  adding  ferric  chlo- 
ride (not  in  excess)  to  a  solution  of  a-  or  i3-naphthol,tbe  solution  assumes  a  rose 
colour,  and  the  corresponding  dinaphthol  separates  in  the  solid  state,  the  ferric 
being  at  the  same  time  reduced  to  ferrous  chloride : 

2C,,H,.0H    +   Fe.Cl.  =    C^Hj,(OH),    +   2PeCl,   +    HCl, 
NaphthoL  DinaphthoL 

a-Binaphthol  forma  silvery  rhombic  plates,  which  melt  at  300°  (572®  F.) ;  it  gives 
a  red  colour  with  ferric  chloride,  and  a  violet  precipitate  with  nitric  acid. 
/3-Dinaphthol  crystallizes  from  alcohol  in  broad  quadrangular  prisms  which  melt 
at  218*  (4I2°'4  P.);  it  gives  a  greenish  colour  with  ferric  chloride,  and  a  dark 
green  with  nitric  acid.  Both  these  substances  are  insoluble  in  water,  but  easily 
soluble  in  alcohol  or  ether ;  they  are  dissolved  by  alkalies.  It  is  said  that  they 
are  reconverted  into  the  corresponding  naphthois  when  distilled.  The  diben- 
zoate  of  a-dinaphthol  melts  at  254°  (489^*2  F.)  ;  that  of  the  /3-com pound  at 
160**  (320*  F.)  (Dianin,  JDeut  chem.  Ges.  Ber,,  vi.  1252;  vii.  125,  487). 

§  IX.  Tbihydric  Alcohols. — Alcohols  op  the  CnH^n^i  (OH), 

Series. 

Very  few  trihydric  alcohols  are  at  present  known,  this 
series  including  only  two  members,  besides  which  we  are  ac- 
quainted with  five  trihydric  alcohols  derived  from  hydrocarbons 
of  the  benzene  series,  and  a  trioxynaphthalcne. 

(1530)  Glycerin  ;  Glycerol:  CH2(OH).CH{OH).CH3(OH). 
— This  alcohol  was  discovered  in   1779,  by  Scheele,^hen  nre- 
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paring  lead  plaster  by  saponifying  lard  with  plumbic  oxide. 
Most  of  the  fixed  oils  and  fats^  from  both  animal  and  vegetable 
sources^  are  normal  glyceric  salts  of  acids  of  the  acetic  or  oleic 
series^  and  yield  glycerin  when  decomposed  with  alkalies  or  the 
more  basic  oxides.  For  example^  it  may  be  obtained  from  olive 
oil  by  heating  the  latter  with  rather  more  th^n  half  its  weight  of 
plumbic  oxide  and  a  little  water  until  completely  saponified, 
removing  the  insoluble  plumbic  oleate  or  lead  plaster,  precipi- 
tating the  lead  which  remains  in  solution  by  sulphuretted 
hydrogen,  and  evaporating  the  aqueous  solution : 

2C3H.(C„H3.0.),   +   3PbO   +   3OH.  =  2C,H,(0H).  ^   3(C«H3,OJ,Pb. 

Olein  or  glyceric  oleate.  Glycerin.  Plombic  oleate. 

Glycerin  has  been  artificially  prepared  from  o-trichloropropane, 
CHgCLCHCLCHijCl  (p.  159),  by  heating  it  with  water  to  170® 
(338°  P.)  (Friedel  and  Silva,  Compt.  Rend,,  Ixxiv.  805). 

Pasteur  has  shown  {Ann.  Chim,  Phys.  [3],  Iviii.  355)  that 
glycerin  is  always  produced  in  the  alcoholic  fermentation  of 
sugar,  so  that  it  occurs  in  all  fermented  liquors ;  according  to 
his  experiments,  for  every  100  parts  of  cane-sugar  fermented, 
about  3*5  parts  of  glycerin  are  formed. 

Preparation. — Glycerin  is  generally  prepared  ft^m  bye  pro- 
ducts of  manufacturing  operations,  or  is  obtained  as  a  subsidiary 
product  in  the  preparation  of  solid  fatty  acids  in  the  candle 
manufacture. 

It  may-  be  obtained  from  spent  Boap  lyes  left  afler  the  soap  has  been  salted 
out,  or  from  the  liqaors  separated  from  the  insoluble  mixture  of  lime  soap  and 
fatty  acid  formed  in  the  first  stage  of  the  manufacture  of  stearin  candles  by 
saponifying  tallow  with  milk  of  lime.  In  the  former  case  the  solution  is  first 
carefully  neutralized  with  sulphuric  acid ;  in  the  latter  sulphuric  acid  is  added, 
the  solution  boiled  to  expel  volatile  acids,  and  then  carefully  neutralized  with 
lime  :  the  dilute  brown  coloured  solution  of  glycerin  thus  obtained  is  evaporated 
to  the  consistence  of  a  syrup,  and  subsequently  distilled  in  a  current  of  super- 
heated steam. 

Mr.  Tilghman  found  that  when  a  mixture  of  fat  and  water  was  subjected  for 
a  short  time  to  a  temperature  about  that  of  melted  lead,  by  forcing  it  through 
heated  iron  tubes,  the  former  was  decomposed,  yielding  a  fatty  acid,  and  an  aqueous 
solution  of  glycerin  which  only  required  to  be  concentrated  to  be  at  once  fit  for 
use.  A  process  somewhat  similar  to  this  in  principle  is  now  almost  universally 
employed  in  this  country,  a  patent  having  been  t^ken  out  for  that  purpose  by 
Messrs.  Wilson  and  Payne,  24  July,  1854.  The  fat  is  charged  into  a  still, 
which  is  gently  heated  externally,  superheated  steam  being  blown  into  the  fat 
so  as  to  maintain  the  temperature  at  about  288°— 316**  (550**— 600**  F.);  by 
this  means  the  fat  is  decomposed,  and  both  the  fatty  acid  and  the  glycerin  distU 
over  and  condense  in  a  pure  state  together  with  the  aqueous  vapour.  By  em- 
ploying a  series  of  condensers,  the  first  of  which  are  not  cooled  externally,  the 
glycerin  is  obtained  in  a  very  concentrated  state,  the  water  condensing  in  the 
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cooler  part  of  the  apparatus ;  or  the  aqaeous  solntion  of  g1  joerin  may  be  concen- 
trated bj  CYaporation. 

Glycerin  at  the  ordinary  temperature  is  a  syrupy^  colourless 
liquid^  inodorous^  and  of  a  sweet  taste^  readily  absorbing 
moisture  from  the  air.  Exposed  to  a  low  temperature  and  con- 
tinued vibration  for  some  time,  it  solidifies  to  a  crystalline 
mass^  if  pure  and  anhydrous.  The  crystals  are  rhombic  prisms, 
and  melt  at  1 7°  (Henninger,  Deut.  chem,  Ges.  Ber,,  viii.  643) ; 
according  to  Roos  {Chem,S6c.  Joum.^  1876,  i.  651),  they  melt  at 
T5?'5  (60°  F.),  and  the  liquid  glycerin  at  that  temperature  has  a 
specific  gravity  of  i'a6i.  Glycerin  is  miscible  in  all  proportions 
with  water,  alcohol,  or  chloroform,  but  is  insoluble  in  ether.  It 
is  slightly  volatile  at  100°  (31  a°  F.),  but  cannot  be  distilled  under 
the  ordinary  atmospheric  pressure  as  the  greater  portion  under- 
goes decomposition  with  formation  of  acrolein.  It  passes  over 
readily,  however,  in  a  current  of  superheated  steam  at  a  tempe- 
rature of  260^ — 3i5°*5  (500° — ^00°  F.).  It  also  distils  without 
change  under  diminished  pressure,  boiling  at  lyg^'S  (355°  F«) 
under  a  pressure  of  12*5  mm.,  and  at  210^  (410°  F.)  under  a 
pressure  of  50  mm.  (Bolas) ;  at  179°  (354°*  2  F.)  under  a  pres- 
sure of  20  mm.  (Henninger).  Glycerin  dissolves  many  substances 
which  are  but  slightly  soluble  in  water,  taking  up  one-fifth  of 
its  weight  of  arsenious  oxide,  and  dissolving  iodine  in  large 
quantity. 

Sodium  has  little  or  no  action  on  glycerin  in  the  cold,  but 
on  heating,  hydrogen  is  rapidly  evolved,  the  sodium  becomes 
red-hot,  and  the  glycerin  is  decomposed.  A  monosodium  deri- 
vative of  glycerin  may  be  prepared,  however,  by  dissolving  sodium 
in  "alcohol  and  adding  glycerin ;  after  a  time  a  crystalline  deposit 
is  formed  of  the  composition  CjH^NaOgjGgHgO,  which  when  heated 
to  100°  (2T2°  F.)  in  a  current  of  hydrogen  loses  the  alcohol  of 
crystallization.  Sodium  glycerin  is  a  white  amorphous  powder, 
which  attracts  moisture  with  the  greatest  avidity  from  the  air; 
it  is  immediately  decomposed  by  water  (Letts,  Chem,  Soc.  Joum., 
XXV.  450).  Calcic,  strontic,  and  baric  hydrates  are  freely  soluble 
in  glycerin,  forming  solutions  which  may  be  diluted  with  water, 
and  in  which  carbonic  anhydride  produces  no  precipitate. 
Plumbic  oxide  is  also  dissolved  hj  glycerin. 

When  glycerin  is  carefully  added  to  the  strongest  nitric  acid 
cooled  by  a  mixture  of  ice  and  salt,  and  the  solution  is  afterwards 
gradually  mixed  with  concentrated  sulphuric  acid,  glyceric  tri- 
nitrate, C3H5(N03)jj,  separates  as  a  yellow  oil,  slightly  soluble  in 
water.     This  compound — ^the  so-called  nitroglycerin — ^is  violently 
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explosive,  but  requires  the  fulfilment  of  certain  special  conditions 
for  the  full  development  of  its  explosive  force.  Its  explosion  by 
the  simple  application  of  heat  can  only  be  accomplished  if  the 
source  of  heat  be  applied  for  a  protracted  period  in  such  a  way 
that  chemical  decomposition  is  established  in  some  portion  of  the 
mass^  and  is  favoured  by  the  continued  application  of  heat  to  that 
part.  Under  these  circumstances  the  change  proceeds  with  very 
rapidly  accelerating  violence,  and  the  sudden  transformation  into 
gaseous  products  of  the  heated  mass  ultimately  takes  place — a 
transformation  which  is  instantly  communicated  throughout  the 
mass,  so  that  the  confinement  of  the  substance  is  not  necessary 
to  develop  its  full  explosive  force.  This  result  can  be  obtained 
more  expeditiously  and  with  greater  certainty  by  exposing  the 
substance  to  the  concussive  action  of  a  detonation  produced  by 
the  ignition  of  a  small  quantity  of  fulminating  powder,  closely 
confined  and  placed  either  in  contact  with,  or  in  proximity  to  the 
nitrate  (Abel,  Phil,  TVans.,  1869;  Chem.  Soc,  Joum,,  xxiii.  41). 
It  also  detonates  when  struck.  By  the  action  of  alkalies,  or 
reducing  agents,  glyceric  trinitrate  is  reconverted  into  glycerin  ; 
thus,  when  it  is  heated  with  an  aqueous  solution  of  potassic 
hydrate,  glycerin  and  potassic  nitrate  are  obtained,  and  on  mixing 
it  with  a  concentrated  solution  of  hydriodic  acid,  glycerin  is  pro- 
duced with  evolution  of  pure  nitric  oxide  (Mills).  The  lower 
nitrates,  03X1.(0 H)(N08)3  and  C3H5(OH)2(N03),  are  probably 
formed  by  the  moderated  action  of  nitric  acid  on  glycerin,  but 
they  are  not  known  in  the  pure  state. 

On  mixing  glycerin  with  concentrated  sulphuric  acid,  hydric 
glyceric  sulphate,  S02(0H) .0.03115(0 H)^,  is  produced;  and  by 
the  action  of  phosphoric  acid  or  anhydride,  glycerin  is  converted 
into  the  a<jid  phosphate,  PO(OH)3.0.C8H5(OH)3.  The  latter 
compound  is  of  especial  importance,  as  it  forms,  so  to  speak,  the 
framework  upon  which  all  the  highly  complex  phosphorized  c6n- 
stituents  of  the  brain,  &c.,  are  constructed. 

By  heating  glycerin  with  organic  acids,  ethereal  salts  are  pro- 
duced which  vary  in  composition  according  to  the  proportions  in 
which  the  substances  are  employed,  the  temperature  and  pressure 
to  which  the  mixture  is  subjected,  and  the  time  for  which  the 
heating  is  continued.  These  salts  are  usually  designated  by 
names  formed  from  those  of  the  acids  by  changing  the  termination 
ic  into  in ;  thus  acetic  acid  forms  acetins,  stearic  acid  forms 
stearins,  and  oleic  acid  forms  oleins.  The  normal  salts,  or  salts 
formed  from  glycerin  by  displacing  the  three  atoms  of  hydrogen 
of  the  three  hydroxy!  groups  by  acid  radicles,  produced  by  heating 

Digitized  by  VjOOQ IC 


1530.]  CHL0RHYDR1N8    OP    GLYCERIN.  541 

glycerin  with  acids  such  as  oleic  and   stearic  acid^  are  identical 
with  the  stearin  and  olein  of  natural  fats  and  fixed  oils. 

By  the  action  of  hydrochloric  or  hydrobromic  acid  on  glycerin 
either  one  ,or  two  of  the  three  hydroxyl  groups  may  be  displaced 
by  chlorine  or  bromine  ;  the  third  may  be  displaced  by  the  action 
of  pentachloride  or  pentabromide  of  phosphorus  (p.  159). 

To  prepare  the  monochlorhjdrin,  CjH,Cl(OH),,  glycerin  is  saturated  with 
hydrochloric  acid  gas,  and  the  solution  maintained  for  some  time  at  100^ 
(212^  F.);  it  is  then  submitted  to  fractional  distillation,  the  portion  which 
boils  at  about  225®— 230**  (437** — 446°  F.)  being  collected  apart  It  is 
not  known  whether  the  product  obtained  in  this  way,  which  is  a  viscid  liquid 
soluble  in  water,  contains  both  the  possible  monochlorhydrins  of  glycerin,  but  it 
certainly  consists  chiefly  of  chloromethylglycol,  CHjCi.CH(OH).CH,(OH), 
as  on  treating  its  aqueous-  ablution  with  sodium  amalgam  methylglycol, 
CH,.CH(OH).CH,(OH),  is  obtained  (Buff,  Ann,  Chem,  Pharm.  Supp.,  v.  247). 
The  isomeric  compound,  chloro-a-propylenic  glycol,  CH,(OH).CHCl.CHj(OH),  is 
formed  on  mixing  allylic  alcohol  with  a  dilute  aqueous  solution  of  hypochlorous 
acid,  but  the  yield  is  very  small,  as  much  of  the  alcohol  is  oxidized;  it  boils  at 
about  220**  (428  F.)  (Henry,  Deut,  chem.  Ges.  JSer,,  v.  449). 

The  dichlorhydriiis  of  glycerin  are  formed  on  heating  a  mixture  of  i  volume 
of  glycerin  and  12  volumes  of  hydrochloric  acid  for  some  time  to  ioo°(2i2®  F.), 
and  then  distilling  the  mixture ;  a  better  method  of  preparation  is  to  saturate  a 
mixture  of  equal  volumes  of  glycerin  and  glacial  acetic  acid  with  hydrochloric 
acid,  finally  at  lOO*'  (212**  F.)>  and  to  isolate  the  product  by  fractional  distilla* 
tion.  In  this  way  a  mixture  of  the  two  compounds,  CHjCI.CHCl.CH,(OH)  or 
dichloropropylic  alcohol,  and  CHjCl.CH(OH).CHgCl,  or  dichlorisopropylio 
alcohol,  is  obtained,  the  latter  being  the  chief  product,  however  (Hiibner  and 
Mdller,  Ann.  Chem.  Pharm.,  clix.  170);  apparently  the  tendency  for  the  former 
to  be  produced  is  less  the  higher  the  temperature  at  which  the  action  takes  place, 
80  that  if  the  mixture  be  heated  to  about  120°  (248°  F.),  and  saturated  with 
hydrochloric  acid,  almost  pure  dichlorisopropylio  alcohol  is  formed.  An  extremely 
good  method  for  preparing  the  latter  is  to  add  the  chloride  of  sulphur  S^Cl^  to 
anhydrous  glycerin,  which  is  heated  in  a  salt-bath,  until  no  further  action  takes 
place ;  the  liquid  product  is  poured  off  from  the  cake  of  sulphur,  washed  with 
water  and  a  small  quantity  of  sodic  carbonate,  dried,  and  purified  by  distillation 
(Carins).  According  to  Glaus  {ibid.,  clxviii.  42),  the  action  which  takes  place  is  ex- 
pressed by  the  equation :  C.HXOH),  +  2S,C1,  =  C,H.Cl,(OH)  +  SO,  +  2Ha  +  3S; 
he  recommends  the  addition  of  2000  grams  of  the  chloride  to  800  grams  of 
glycerin  which  has  been  rendered  anhydrous  by  heating  to  195°  (383**  F.)  in  an 
open  dish.  The  product  is  separated  from  the  sulphur  by  ether,  and  the  residue 
left  on  distilling  off  the  ether  is  submitted  to  fractional  distillation.  Dichloro* 
propylic  alcohol  is  best  prepared  by  passing  chlorine  into  well  cooled  anhydrous 
allylic  alcohol;  it  is  a  somewhat  mobile  liquid,  of  the  specific  gravity  1*389  at 
0°  (32*  F.),  soluble  in  a  large  quantity  of  water ;  it  boils  at  about  182°  (359**'6  F.) 
(Tollens,  ibid.,  clvi.  165 ;  p  466).  Dichloriaopropylic  alcohol,  like  its  isomeride, 
is  a  colourless  liquid  of  agreeable  odour,  soluble  in  about  nine  times  its  volume 
of  water;  it  boiU  at  176°  (348''-8  F.),  and  at  i7''-5  (63°-5  F.)  has  the  specific 
gravity  1*366.  On  treating  its  aqueous  solution  with  sodium  amalgam,  isopropylio 
alcohol  is  obtained  (Buff),  but  by  the  action  of  sodium  on  its  ethereal  solution, 
allylic  alcohol  is  produced  (Hiibner  and  Miiller);  allylic  alcohol  is  obtained 
from  the  isomeric  dichlorhydrin  on  treating  the  aqueous  solution  with  sodium 
amalgam  (Tollens).  The  compound  CH,Cl.CH(OH).CHjCl  is  usually  termed 
simply  dichlorhydrin.  Digit  *ed  by  GoOglc 
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Both  the  dichlorhydrins  of  glycerin  are*  converted  into  the  name  compound^ 
the  so-called  epichlorhydrin  or  chloropropylenic  oxide — hy  the  action  of  alkaliee : 

CH.C1  CH,a 

I  I 

CH.OH  +         KOH         =         CH  ^ 
I  I       V  0     +     Ka   +  OH^ 

CH,a  CH,  i 

Dichlorisopropylic  alcohoL  Chloropropylenic  oxide. 

The  best  method  of  preparing  epichlorhydrin  appears  to  consist  in  adding 
gradually  a  nearly  saturated  aqueous  solution  of  300  grams  of  sodic  hydrate  to 
500  grams  of  the  crude  mixture  of  the  two  dichlorhydrins  and  of  chloraoetins 
boiling  at  140° — 220°  (284*^ — 42 8**  F.),  obtained  by  saturating  a  mixture  of 
glycerin  and  acetic  acid  with  hydrochloric  acid,  and  then  distilling ;  the  action, 
which  is  at  first  extremely  violent,  is  completed  by  well  agitating  the  mixture 
and  warming  on  the  water  bath  (Patzschke,  Joum.  pr.  Ckem,  [2],  i.  82 ; 
Hiibner  and  Miiller,  loc.  cit).  The  product  is  separated,  washed  with  small 
quantities  of  water,  dried  over  anhydrous  cupric  sulphate,  and  purified  by  firac- 
tional  distillation.  It  is  a  colourless,  mobile  liquid,  insoluble  in  water,  possessing 
an  agreeable  odour  like  that  of  chloroform ;  it  boils  at  n8° — 119**  (244*** 4 — 
246°' 2  F  ),  and  at  11®  (s^^'^  F.)  has  the  specific  gravity  1*194.  On  heating 
it  with  water  under  pressure,  it  is  converted  into  the  roonochlorhydrin  of  glycerin, 
CH,(0H).CH(0H).CH,C1.  It  readily  combines  with  hydrochloric  acid  forming 
the  dichlorhydrin  CHjCLCH(OH).CH,Cl,  much  heat  being  developed  on  adding 
a  concentrated  solution  of  the  acid ;  the  conversion  is  completed  by  passing 
hydrochloric  acid  gas  into  the  mixture,  and  then  warming  gently  for  some  time. 
In  this  manner  the  pure  dichlorhydrin  may  readily  be  prepareid  from  glycerin, 
by  first  preparing  the  mixture  of  dichlorhydrins  and  converting  the  latter  into 
epichlorhydrin.  By  acting  on  an  ethereal  solution  of  epichlorhydrin  with  sodium 
and  treating  the  product  with  water,  Hiibner  and  Miiller  (loc.  cit,  p.  184)  have 
obtained  a  compound  which  they  regard  as  a  dihydric  alcohol  of  the  composition 
CgHj^{OH)^ ;  but  its  properties  have  not  yet  been  investigated. 

On  heating  dichlorhydrin  with  a  one  per  cent,  alcoholic  solution  of  ammonia 
in  closed  vessels  at  about  105^  (221°  F.)  the  hydrochlorides  of  two  bases — 
diamidohydriji  and  glycidamine — are  produced,  one  of  which  may  be  regarded 
as  formed  from  dichlorhydrin  by  the  displacement  of  the  two  atoms  of  chlorine 
by  twice  the  group  NH,,  and  the  other  as  bearing  a  similar  relation  to  epichlor- 
hydrin. By  the  action  of  a  4  per  cent,  solution,  however,  a  far  more  complex 
substance,  chlorhydrinimide,  Cj^H^^NjCl^O^,  is  formed ;  this  body  is  remarkable 
on  account  of  its  extreme  stability,  being  unaffected  when  boiled  with  concen- 
trated hydrochloric,  nitric,  or  sulphuric  acid,  or  a  concentrated  solution  of 
potassic  hydrate  (Glaus,  Ann.  Chem,  Pharm.f  clxviii.  29). 

Dichlorhydrin  is  readily  acted  on  by  bromine  when  heated  with  it  to  about 
100°  (212°  F.) ;  there  has  been  much  discussion  as  to  the  nature  of  the  product, 
but  from  the  latest  experiments  of  Carius  it  appears  that  it  chiefly  consists  of  a 
dibromodichloracetone,  (?)  CHjCl.CO.CBr^Cl,  which  is  capable  of  combining  with 
water  to  form  a  crystalline  hydrate  C^H,  Br,Cl,  +  4H,0  (Ann.  Chem.  Fharm., 
civ.  35).  By  reducing  this  hydrate  with  zinc  and  sulphuric  acid,  Lange  has 
obtained  acetone  {Deui.  chem.  Ges.  Ber.,  vi.  98). 

Little  is  known  of  the  bromhydrins  produced  by  the  action  of  hydrobromic 
acid  on  glycerin.  The  dibromhydrin  CHjBr.CHBr.CH2(0H)  is  obtained  by  the 
direct  combination  of  bromine  with  allylic  alcohol  (p.  466),  by  adding  bromine 
to  a  mixture  of  the  alcohol  and  water,  or  by  placing  a  dish  containing  the  neces- 
sary amount  of  bromine  in  a  bell  jar  containing  the  alcohol  and  immersed  mouth 
upwards  in  a  pail  of  water,  the  mouth  of  the  jar  being  covered  with  a  glass 
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plate ;  the  oombination  then  gradaally  takee  place.  The  prodoot  muBt  be  distilled 
in  a  carrent  of  steam  before  it  is  distilled  alone  (Miinder  and  Tollens,  Ann.  Chem. 
Pharm.f  clxvii.  224).  It  is  a  heavy  oily  liquid,  boiling  at  about  212** — 214* 
(413^-6 — 417*^*2  F.) ;  according  to  Linnemann  (Deu^.  chem,  Oes,  Ber,,  v\\. 
858),  the  prc^uct  of  the  action  of  bromine  on  ally  lie  alcohol  in  presence  of  water 
may  be  separated,  by  washing  with  successive  small  quantities  of  water,  into  an 
easily  soluble  and  a  difficultly  soluble  portion  :  the  former  requiring  three  to  four 
times,  and  the  latter  about  34  times  its  volume  of  water  for  complete  solution ; 
the  nature  of  the  two  substances  has  not  yet  been  ascertained. 

Epibromhydrin,  C^H^BrO,  is  obtained  by  the  action  of  alkalies  on  the 
dibromhydrins  of  glycerin;  it  boils  at  i38°^i4o''  (28o°'4— 284®  P.).  Epi- 
ohlorhydrin  combines  with  hydrobromic  acid  with  great  readiness ;  the  product, 
CH,Cl.CHrOH).CH,Br.  which  resembles  the  dichlorhydrins,  boils  at  197"* 
(386*'*6  P.),  and  at  12®  (53°'6  P.)  has  the  specific  gravity  1740.  The  same 
substance  is  obtained  by  combining  epibromhydrin  with  hydrochloric  acid.  Epi* 
chlor-  and  epibromhydrin  also  combine  with  hydriodio  acid,  much  heat  being 
developed  on  mixing  them  with  a  concenti*ated  solution  of  the  acid ;  the  chloriod- 
hydrin  boils  at  about  226°  (438°'8);  the  bromiodhydrin  cannot  be  distilled 
(BebonI,  Ann,  Chem.  Pharm,  Supp.,  L  224;  Henry,  Deut  chem.  Get,  Ber,, 
iii.  351,  600). 

By  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  on  the 
mono-  and  dichlorhydrin  of  glycerin,  the  nitrates  C3H3C1(N0,),  and 
C,H^Cl,(NOg)  are  produced  ;  the  former  is  an  oily  liquid,  and  boils  at  180 — 190* 
(356** — 374''  P')»  but  with  partial  decomposition;  the  latter,  which  is  also 
obtained  by  the  action  of  nitric  acid  on  epichlorhydrin,  is  not  volatile  (Henry, 
fJti^.,  p.  347). 

By  heating  a  saturated  solution  of  hydriodic  acid  gas  in  glycerin  for  40 
hours  to  100°  (212^  P.),  and,  after  removing  the  excess  of  acid  with  an  alkali, 
extracting  the  product  with  ether,  Berthelot  and  Lucca  obtained  a  syrupy  sub- 
stance to  which  they  attribute  the  formula  C^Hj^IO^ ;  this  may  perhaps  have 
been  the  impure  moniodhydrin  CjHjI(0H)3.  By  heating  the  dichlorhydrin 
CHjCl.CH(OH)  CH,Cl  with  an  aqueous  solution  of  potassic  iodide  to  105® — 110* 
(221** — 230°  F.)  it  is  converted  into  the  corresponding  diiodhydrin;  this  com- 
pound is  a  viscid  liquid  of  the  specific  gravity  2*4  at  15**  (59''  P.),  almost 
insoluble  in  water,  and  decomposes  on  distillation.  It  solidifies  when  cooled 
to  about  -  20**  (  -  4**  F.)  (Claus,  Ann.  Chem.  Bharm.,  clxviii.  21).  Epichlor- 
hydrin may  in  a  similar  manner  be  converted  into  epiiodhydrin  by  heating  it 
with  dry  potassic  iodide  to  100°  (212°  P.)  ;  epiiodhydrin  is  a  colourless  mobile 
liquid  of  the  specific  gravity  2*03  at  15°  (55°*4  P.)»  a»d  boils  at  about  160® 
(320'  P.)  (Reboul,  loc.  cit). 

When  submitted  to  the  action  of  iodide  of  phosphorus^  or  of 
a  concentrated  solution  of  hydriodic  acid,  glycerin  yields  a  mix- 
ture of  allylic  and  isopropylic  iodides  with  propylene,  the  propor- 
tions in  which  these  substances  are  formed  being  dependent  upon 
the  proportions  in  which  the  materials  are  employed:  allylic 
iodide  being  chiefly  produced  if  the  glycerin  be  in  excess,  but 
isopropylic  iodide  if  the  acid  or  iodide  of  phorphorus  be  in 
excess*    (Erlenraeyer,    Ann.    Chem.  Phann.,  cxxxix.   311).     The 


•  According  to  Oppenheim  1500  grams  of  glycerin,  1000  grams  of  iodine, 
and  600  of  phosphorus  furnish  on  an  average  750  grams  of  allyli&4odide  boiling 
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precise  manner  in  which  the  allylic  iodide  is  formed  has  yet  to 
be  ascertained;  probably,  triiodopropane  is  first  produced,  but 
immediately  decomposes  into  allylic  iodide  and  iodine,  thus : 

CHjCOH)  CH,I         CH, 

CH(OH)     +     3HI    =     3H3O     +    CHI    =    CH    +   I,. 
CH2(0H)  CH^I        CH,I 

Glyoerin.  ,     Triiodopropane.     Allylio  iodide. 

This  reaction  is  obviously  comparable  with  that  which  occurs 
on  adding  potassic  iodide  to  a  solution  of  cupric  sulphate,  cuprous 
and  not  cupric  iodide  being  obtained  in  consequence  of  the  de- 
composition of  the  latter  immediately  on  formation  : 

aCuSO^  +  4KI  =  Cujj  +  I3  +   aKjSO^. 

The  isopropylic  iodide  and  propylene  are  doubtless  both  pro- 
ducts of  secondary  action,  and  in  all  probability  are  formed  from 
the  allylic  iodide  (pp.  161,  207). 

Glycerin  is  very  readily  oxidized  to  carbonic  acid  and  water, 
but  when  carefully  oxidized  by  nitric  acid  it  yields  glyceric  acid 
(Debus)  and  apparently,  under  certain  conditions,  tartrouic  acid 
(Sadtler,  Deut.  chem.  Ges,  Ber.,  viii.  1456),  together  with  racemic, 
glycolic,  glyoxylic,  oxalic,  and  formic  acids  (Heintz,  Ann.  Chem, 
Pharm.,  clii.  325). 

The  relation  of  the  two  first-mentioned  acids  to  glycerin  is  indicated  by  the 
following  formulae  : 

CH,(OH)  CH,(OH)  CO(OH) 

CH(OH)  CH(OH)  CH(OH) 

CH,(OH)  CO(OH)  CO(OH) 

Glyoerin.  -  Glyceric  add.  Tartronic  acid. 

The  formation  of  racemic  acid  is  not  yet  satisfactorily  explained.  It  might 
be  supposed  that  it  is  formed  either  by  the  simultaneous  oxidation  of  glyceric 
and  formic  acids  in  the  same  way  that  benzoic  acid  is  produced  by  oxidizing  a 
mixture  of  benzene  and  formic  acids  (p.  260),  thus : 


at  98** — 103®  C,  200  grams  of  a  mixture  of  isopropylic  and  allylic  iodides 
boiling  at  90** — 98°  C,  and  suflScient  propylene  to  combine  with  about  100 
grams  of  bromine.  For  a  description  of  the  method  of  preparing  allylic  iodide 
from  glycerin  see  Clans,  Ann,  Chem,  Pharm.,  cxxxi.  S^,  and  Oppeuheim,  ibid. 
iSfttpp.,vi.  354;  the  best  method,  however,  of  obtaining  it,  is  from  allylic  alcohol 
(p.  207),  as  it  is  impossible  entirely  to  separate  the  two  iodides  by  fractional 
distillation.  The  preparation  of  isopropylic  iodide  is  described  in  Watts* 
Dictionary,  v.  890. 
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COOH 

?^<^^>  (^H(OH) 

OH(OH)    +    H.COOH    +   (0+OHJ  =    \^  +    aOH,; 

.   COOH  I 

COOH 

or  from  two  molecules  of  gljoolic  acid : 

CH,(OH).COOH  CH(OH).COOH 

+    (0  +  OH^  =    I  +    2OH,. 

CH,(OH).COOH  GH(OH).COOH 

Heintz,  however,  failed  to  obtftin  the  acid  in  this  manner;  but  as  only  a 
single  experiment  to  test  each  of  these  explanations  was  made,  his  want  of 
success  can  scarcely  be  regarded  as  a  proof  that  racemic  acid  cannot  be  produced 
in  accordance  with  either  of  the  reactions  expressed  by  these  equations,  as 
doubtless  special  conditions  are  requisite  for  its  formation  which  may  not  have 
been  secured.  It  is  possible  also  that  racemic  acid  is  a  direct  oxidation  product 
of  glyceric  acid  itself: 

CH,(OH).CH(OH).COOH  CH(OH).COOH 

+  5(0  +  OH.)  -    1  +  2CO,  +  80H^ 

CH,(OH).CH(OH).COOH  6h(0H).C00H 

A  possible,  although  perhaps  not  very  probable,  explanation  is  that  it  is  derived 
from  a  foreign  substance  present  in  the  glycerin. 

When  glycerin  is  gently  heated  with  potassic  hydrate,  it  is 
converted  into  potassic  acetate  and  formate,  with  evolution  of 
hydrogen. 

On  distillation  with  phosphoric  aphydride,  or  hydric  potassic 
sulphate,  it  yields  acrylic  aldehyde  or  acrolein,  CgH^O. 

According  to  Claus  {Deut.  chem.  Ges.  Ber.,  ix.  695),  when  a 
pasty  mixture  of  glycerin  and  zinc  dust  is  submitted  to  distilla- 
tion, a  mixture  of  propylene  and  hydrogen  gas  is  evolved,  from  30 
to  45  litres  of  gas,  about  half  consisting  of  propylene,  being 
obtained  from  100  grams  of  glycerin. 

A  number  of  experiments  have  been  made  as  to  the  power  of 
glycerin  to  undergo  fermentation. 

It  was  first  noticed  by  Redtenbacher  in  1846  that,  when  a  dilute  aqueous 
solution  of  glycerin,  mixed  with  washed  beer  yeast,  was  exposed  to  the  air  at  a 
temperature  of  20® — 30°  (68® — 86°  F.),  the  liquid  after  a  time  became  acid  and 
gas  was  slowly  evolved,  the  yeast  partly  rising  to  the  surface  and  growing 
mouldy.  The  acid  was  neutralized  from  time  to  time  by  sodic  carbonate,  the 
yeast  distributed  through  the  liquid  by  stirring,  and  fresh  water  added  to 
replace  that  lost  by  evaporation  ;  when  the  solution  no  longer  became  acid  on 
standing,  it  was  acidified  with  sulphuric  acid  and  distilled.  From  the  acid 
distillate  a  silver  salt  was  prepared  having  all  the  properties  and  the  composition 
of  that  of  propionic  acid,  C^H^O,,  and  the  mother  liquor  from  this  Halt  deposited 
crystals  which  Bedtenbacher  regarded  as  a  double  salt  of  argentic  aoetate  and 
propionate  {Ann.  Chem,  Pharm,,  Ivii.  1 74). 

8  N  N  r^  T 
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Bertbelot,  in  1856,  stated  that  a  solution  of  glycerin  undergoes  fermentation 
in  presence  of  chalk  and  casein,  or  other  animal  substances,  at  a  temperature  of 
about  40°  (104^  F.),  a  small  quantity  of  alcohol  being  produced.  According  to 
B^hamp  (Compt  ^end.,  Ixix.  669)  however,  the  product  is  more  complex :  for  on 
exposing  mixtures  of  250  grams  glycerin  dissolved  in  3000  grams  of  water, 
125  grams  of  chalk,  and  30  grams  of  chopped  mutton,  to  a  temperature  of 
35  — 40°  (95° — 104°  F.)  for  eight  months,  he  obtained  as  the  fermentation 
product  of  about  450  gran.s  of  glycerin  no  less  than  148  grams  of  anhydrous 
alcohol  mixed  with  higher  homologues,  and  132  grams  of  a  mixture  of  acids; 
the  acids  were  not  specially  identified,  but  from  the  boiling  points  observed  on 
distilling  the  mixture,  B^champ  considered  that  acetic,  propionic,  butyric,  valeric, 
and  capronic  acids  are  formed. 

Horace  Brown  {private  communication)  finds  that  although  fermentation 
takes  place  when  a  solution  of  commercial  glycerin  is  mixed  with  beer  yeast  and 
chalk,  it  very  soon  ceases,  and  cannot  again  be  excited  by  the  addition  of  more 
yeaist.  From  this  observation,  it  appears  not  improbable  that  ordinary  glycerin 
contains  a  small  quantity  of  a  fermentable  substance — a  supposition  which 
derives  support  from  the  fact  that,  according  to  Roos  (Journ.  Chem,  Sac,, 
1876,  i.  6^1),  pure  glycerin  in  contact  with  washed  German  yeast  undergoes  no 
change.  Fitz  also  states  that  glycerin  does  not  undergo  change  in  contact 
with  fermenta  which  excite  alcoholic  fermentation  {Deut,  chem.  Ges,  Ber.,  ix. 
1348),  but  he  has  found  that  it  rapidly  ferments  in  contact  with  a  species  of 
hacierium,  which  he  has  not  yet  described.  Fitz  employs  a  mixture  of  2000 
pts.  water,  100  pts.  glycerin,  i  pt.  potassic  phosphate,  '5  pt.  magnesic  sulphate, 
20'0  pts.  calcic  carbonate,  and  2*0  pts.  pepsin,  to  which  a  trace  of  the  ferment  is 
added,  exposing  it  to  a  temperature  of  about  40°  (104°  F.).  Vigorous  fermen- 
tation sets  in  within  two  days  at  latest,  and  is  complete  in  ten  days,  carbonio 
anhydride  and  hydrogen  gases  being  evolved;  on  dihtilliiig  the  liquid,  &c.,  a 
product  is  obtained  consisting  of  ethylic  and  normal  primary  butylic  alcohol  in 
the  propoKion  of  about  1:5,  and  from  the  residue  in  the  retort,  normal  butyric 
acid  containing  a  small  quantity  of  caproic  acid  is  liberated  on  distillation  with 
hydrochloric  acid.  In  this  manner  7*7  grams  of  butylic  alcohol  and  12 "3  grams 
of  anhydrous  calcic  butyrate  were  obtained  from  100  grams  of  glycerin,  so  that 
the  fermentation  of  glycerin  affords  a  ready  means  of  preparing  normal  butylio 
alcohol. 

(1531)  Polyglyceric  AlcohoU, — ^These  compounds  are  related  to  glycerin 
in  the  same  way  that  the  polyethylenic  alcohols  (p.  512)  are  related  to  glycol. 
They  are  obtained  by  heating  glycerin  with  its  monochlorhydrin,  and  apparently 
are  products  of  the  decomposition  of  glycerin  by  heat.  To  prepare  them, glycerin 
diluted  with  one-third  its  bulk  of  water  is  saturated  at  100°  (212°  F.)  with 
hydrochloric  acid  gas,  a  quantity  of  glycerin  equal  to  that  at  first  taken  is  added, 
and  the  mixture  heated  to  130°  (266°  F.)  in  a  fla^k  attached  to  a  reversed  con- 
denser for  12  to  1 5  hours  ;  on  distilling,  water  and  hydrochloric  acid  pass  over  until 
the  temperature  rises  to  150°  (302^  F.),  then  between  150®  and  275°  (302°  and 
527°  F.),  a  mixture  of  dichlorhydrin  and  of  the  mono-  and  dichlorhydrins  of 
diglyceric  alcohol.  By  distilling  the  res^idue  under  a  pressure  of  10  mm.  of 
mercury,  it  is  separated  into  a  portion  boiling  at  220° — 230°  (428*' — 446°  F.), 
j^nd  another  boiling  at  275**— 285°  (527^—545°  F.),— which  constitute  re- 
spectively diglyceric  and  iriglyceric  alcohol,  C^Hj^O,  and  C^H  ^0,— leaving  a 
residue  consisting  of  still  more  complex  substances.  Diglyceric  alcohol  is  very 
viscid,  insoluble  in  ether,  soluble  in  hot  but  sparingly  solnble  in  cold  water,  and 
is  dissolved  by  alcohol  in  all  proportions ;  triglyceiic  alcohol  is  a  similar  but 
still  more  viscid  body  (Louren90,  Compt,  Bend.,  lii.  359). 
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(1532)  Amylic  glycerol:^  CfiJ[QiR\. — This  compound  was  prepared  by 
Bauer  by  the  following  series  of  reactions  {Jahresh.,  1861,  p.  664).  Amylenic 
bromide,  C^H^^Br,  (prepared  doubtless  from  the  crude  amylene  from  fermentation 
amylio  alcohol  and  zinc  chloride),  was  converted  into  bromamylene,  O^H^Br,  by 
the  action  of  an  alcoholic  solution  of  potassic  hydrate,  and  the  latter  compound 
converted  into  the  tribromide  C^H^Brj  by  treatment  with  bromine ;  by  heating 
the  tribromide  with  an  alcoholic  solution  of  argentic  acetate,  the  diacetate 
C,HjBr(C,HjOjj  was  obtained,  which  was  then  converted  by  saponification  into 
the  bromoglycol  CjHjBr(OH), ;  finally,  an  ethereal  solution  of  this  compound 
was  heated  with  potassic  hydrate  in  closed  tubes  on  the  water  bath.  Amyl- 
glycerol  is  stated  to'  be  a  viscid  substance,  soluble  in  water,  and  having  a  sweet 
aromatic  taste. 

§  X.  Trihydric  Alcohols  op  the  CQH3in_9(OH)3  Series. 

(^533)  This  series  includes  the  following  alcohols  : 

Pyrogallol  or  (?)  metatrioxybenzene     .     .     •  1  p  tt  (o\r\ 
Phloroglucol  or  (?)  paratrioxybenzene  .../••         • 

Dimethylmetatrioxybenzene C,H(CH,),(OH), 

Phenylglycerol C,  Ii..C,H,(OH), 

Propylmethylmetatrioxybenzene      ....     C,H,.C,H(CH,)(OH),. 

(1534)  Pyrogallol;  Pyrogallic  Add :  C^J^Oll\.  (?)  Mela- 
trioxy benzene  (OH  :  OH  :  OH  =  i  :  2  :  4). — This  compound 
is  the  product  of  the  decomposition  of  gallic  acid  by  heat : 
C,H,(OH),.COOH  =  C.HgCOH),  +  CO,. 

It  may  be  obtained  by  heating  a  dried  aqueous  extract  of  galls  in  a  shallow 
pan  covered  with  a  sheet  of  filtering  paper,  over  which  a  cone  of  ordinary  paper 
is  pasted,  the  temperature  being  maintained  as  nearly  as  possible  at  about 
180°  (356°  F.)  for  several  hours  ;  a  yield  of  about  5  per  cent,  is  thus  obtained. 
According  to  Liebig  {Ann.  Chem.  Pharm ,  cL  47),  the  best  method  of  prepar- 
ing it  is  to  heat  gallic  acid  mixed  with  twice  its  weight  of  coarsely  powdered 
pumice  in  a  retort  through  which  a  current  of  dry  carbonic  anhydride  is  passed  : 
30  to  32  parts  of  pyrogallol  are  in  this  way  obtained  for  every  100  parts  of  gallic 
acid  employed.  De  Luynes  and  Esperandieu,  however,  state  that  the  theoretical 
amount  of  pyrogallol  may  be  obtained  from  gallic  acid  by  heating  it  with  twice 
or  thrice  its  weight  of  water  to  200® — 210°  (392°— 410®  F.)  in  a  bronze 
Papin's  digestor  for  about  half  an  hour  ;  the  solution  from  the  digester  is  boiled 
with  a  little  animal  charcoal,  evaporated  to  dryness,  and  the  residue  distilled 
imder  a  pressure  of  20 — 30  mm.  of  mercury  (ibid ,  cxxxviii.  60). 

By  heating  diiodosalicylio  acid,  C^HJj(OH).COOH,  with  a  very  concentrated 
aqueous  solution  of  potassic  hydrate,  Lauteraann  (ibid»,  cxx.  299)  obtained  a 
product  which  he  regarded  as  a  mixture  of  gallic  acid  and  pyrogallol,  and  by 
subliming  this  he  obtained  a  substance  exhibiting  all  the  properties  of  pyrogallol, 
but  the  quantity  was  too  small  for  analysis.  From  Demole*s  experiments  (Deut, 
chem,  Ges.  Ber.,  vii.    1439),  it  appears  that  Lautemann's  diiodo-acid   (m.f. 

*  The  termination  ol  may  conveniently  be  employed  for  alcohols  generally, 
and  its  use  restricted  to  alcohols.  Further,  just  as  the  homologues  of  methylio 
alcohol  and  monohydric  alcohols  having  similar  properties  are  termed  carbinoh, 
and  dihydric  alcohols  allied  to  glycol  are  termed  glycoU,  so  we  may  term 
trihydric  alcohols  related  to  glycerol  (glycerin)  glyrerols,  tetrahydric  alcohols 
resembling  erythrol  (erythrite)  in  their  properties  erythroU,  &c.  Ac. — OEeDS.] 
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212^  C.)  wan  iinpure,  and  according  to  this  chemist  the  purified  acid  melting  at 
220'' — 230°/(42  8° — 446''  F.)  does  not  yield  gallic  acid  or  pyrogallol  on  treat- 
ment with  potaaeic  hydrate,  but  a  mixture  of  the  two  dioxy benzoic  acida-^ 
oxyaalicylic  acid  and  protocatechuic  acid. 

According  to  Petersen  and  Baehr-Predari  {Ann.  Chem.  Pharm., 
clvii.  136)^  pyrogallol  is  formed  on  heating  the  potassium  salt 
of  parachlorophenolorthosulphonic  acid,  CgHgCl(OH).SOgH,  with 
potassic  hydrate  at  about  160°  (320°  F.)  &c. 

Pyrogallol  crystallizes  in  long,  colourless,  flattened  prisms, 
bitter  to  the  taste,  soluble  in  2^  pts.  of  water  at  la^  (53°'^  F.) ; 
it  melts  at  115°  (239°  F.),  and  may  readily  be  distilled  under  re- 
duced pressure.  On  heating  to  about  250°  (482^  F.)  it  loses  the  ele- 
ments of  water  and  is  converted  into  the  so-called  metagallic  acid,  a  * 
black  amorphous  substance,  insoluble  in  water  but  soluble  in  alkalies. 

When  passed  over  heated  zinc  dust,  pyrogallol  is  reduced  to 
benzene  (Baeyer).  Pyrogallol  has  very  feeble  acid  properties,  its 
solution  being  rendered  alkaline  by  the  addition  of  the  smallest 
quantity  of  an  alkali.  On  passing  ammonia  into  an  ethereal  solu- 
tion of  pyrogallol,  a  white  crystalline  precipitate  of  the  ammo- 
nium derivative  C^H3(OH)2{ONH^  is  produced  (De  Luynes  and 
Esperandieu) ;  an  aqueous  solution  acidulated  with  acetic  acid 
yields  a  precipitate  on  the  addition  of  plumbic  acetate  which, 
after  drying  first  over  sulphuric  add,  and  then  at  t2o°  (248°  F.) 
in  a  current  of  dry  hydrogen,  has  the  composition  CjgHgoPbOj, 
(CjH30g)2Pb  (Deering,  Chem.  Soc.  Joum.,  xxvi.  702) ;  the  anti- 
mony derivative  CgH3(OH)2(O.SbO)  separates  in  glistening  plates 
on  adding  a  moderately  concentrated  solution  of  pyrogallol  to  a 
boiling  solution  of  tartar  emetic.  Pyrogallol  dissolves  in  acetic 
chloride,  being  converted  into  the  triacetate  CgH3(C2H30g)3 ;  this 
compound  forms  small  white  crystals  almost  insoluble  in  cold 
water,  but  soluble  in  alcohol. 

When  bromine  is  added  to  an  aqueous  solution  of  pyrogallol, 
it  is  oxidized,  but  the  nature  of  the  reaction  has  not  yet  been  inves- 
tigated. On  adding  dry  bromine  to  dry  pyrogallol,  or  to  its 
solution  in  glacial  acetic  acid,  however,  it  is  converted  into  iri- 
bromopyrogallol,  CgBr3(OH)3.  This  compound  is  very  sparingly 
soluble  in  cold  water,  more  soluble  in  hot  water,  but  is  decom- 
posed by  long  boiling ;  it  crystallizes  from  alcohol  in  large  prisms 
containing  a  molecule  of  water.  On  treatment  with  bromine  in 
presence  of  water  it  is  converted  into  a  yellow  crystalline  sub- 
stance, xanthogallol,  C^gH^Brj^Og,  of  unknown  constitution  (Sten- 
house,  Chem.  Soc.  Joum.,  xxviii.  i).  Neither  nitro-*  nor  chloro- 
derivatives  of  pyrogallol  are  known,  but  by  the  action  of  chlorine 
on  a  solution  of  pyrogallol  in  glacial  acetic  aci(k~^wQ  complex 
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chlorinated  compounds,  mairogaUol,  CigH^ClijOjo,  and  leucogallol, 
^i8^io^^i2^iv  ^®  obtained  .(Stenhouse  and  Groves,  ibid.,  xxviii. 
704).  By  wanning  pyrogallol  with  anhydrosulphuric  acid  it  is 
conyerted  into  the  monosulphonic  acid  CjH2(OH)g.S03H  (Schiff, 
Deut,  chem,  Ges.  Ber.,  v.  663 — 1055) ;  according  to  Personne 
(ibid.^  yi.  141 9),  pyrogallol  furnishes  a  disulphonic  acid  on  treat- 
ment with  concentrated  sulphuric  acid. 

Pyrogallol  is  very  readily  oxidized,  and  although  the  dry  sub- 
stance does  not  change  when  exposed  to  the  air,  its  solution 
absorbs  oxygen,  turning  brown ;  an  aqueous  solution  of  potassic 
hydrate  and  pyrogallol  absorbs  oxygen  with  such  avidity  that  it  is 
often  employed  for  removing  that  element  from  gaseous  mixtures. 
Calvert,  Cloez,  and  Boussingault  (Ann.  Chem,  Pharm.,  cxxx.  248) 
have  shown  that  in  the  oxidation  of  an  alkaline  solution  of  pyro- 
gallol a  small  quantity  (from  i  to  nearly  4  per  cent,  of  the  oxygen 
absorbed)  of  carbonic  oxide  gas  is  produced,  the  amount  depending 
upon  the  concentration  and  the  intensity  of  the  action  :  more 
being  formed  when  pure  oxygen  is  employed  than  when  it  is  mixed 
with  an  indifferent  gas.  By  the  continued  action  of  oxygen  or 
ozone  on  the  alkaline  liquid,  the  dark  colour  after  a  time  becomes 
reddish-yellow  and  then  yellow;  Boeke  {Deut.  chem.  Ges.  Ber., 
vi.  486)  has  found  that  if  a  solution  of  10  grams  of  pyrogallol 
and  13'33  grams  of  potassic  hydrate  be  submitted  in  small  por- 
tions to  the  action  of  a  stream  of  ozonized  oxygen  until  it  becomes 
reddish-yellow — an  operation  which  requires  several  weeks — a 
strongly  alkaline  liquid  is  obtained,  which  evolves  carbonic  anhy- 
dride on  the  addition  of  acetic  acid,  the  amount  of  acetic  acid 
required  to  neutralize  it  indicating  that  the  acid  formed  is  suffi- 
cient to  neutralize  two-thirds  of  the  potassic  hydrate  employed. 
On  the  addition  of  plumbic  acetate  to  the  slightly  acid  solution 
a  precipitate  was  produced  from  which  he  obtained  a  crystalline 
acid  of  the  composition  C^HgO^.  When  a  solution  of  pyrogallol 
is  cautiously  treated  with  argentic  nitrate,  potassic  permanganate, 
or  chromic  acid,  orange-red  flocks  are  obtained,  which  on  crystal- 
lization from  alcohol,  or  sublimation,  yield  deep  red  needles  of 
purpurogallin  or  oxypyrogalloquinone  (Girard,  Compt:  Rend.,  Ixix. 
865 ;  Wichelhaus,  Deut.  chem.  Ges.  Ber.,  v.  846 ;  Struve,  Ann. 
Chem.  Pharm.,  clxiii.  160).  This  substance  dyes  mordanted 
fabrics  somewhat  like  alizarin,  but  the  colours  are  dull ;  its  rela- 
tion to  quinone  and  to  pyrogallol  is  indicated  by  the  formula 

CgHj{OH)  I Q  q'p»jj3(  jjj».  Nitric  acid  converts  pyrogallol 
into  oxalic  acid.  rr^r^n]o 
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Pyrogallol  reduces  the  salts  of  gold  and  silver,  and  on  this 
account  is  extensively  employed  in  photographic  operations  for 
the  purpose  of  developing  the  latent  image  on  the  argentiferous 
collodion  film  after  it  has  been  exposed  to  the  action  of  light. 
With  a  solution  of  ferrous  containing  traces  of  ferric  sulphate,  it 
gives  a  characteristic  indigo  blue  colour,  which  rapidly  becomes 
green  and  then  red.  When  a  solution  of  pyrogallol  is  added  to 
milk  of  lime,  a  beautiful  purple  colour  is  produced,  which  soou 
becomes  of  a  dirty  brown,  forming  a  delicate  and  characteristic 
test  for  the  presence  of  pyrogallol. 

(1535)  Phloroglucol  ;  Phloroglucin  :  C^ll^{Oll)y  (?)  Para- 
trioxybenzene  (OH  :  OH  :  OH  =1:3:  5). — This  isomeride  of 
pyrogallol  is  formed  by  the  action  of  fused  potassic  hydrate  on  a 
great  variety  of  substances,  amongst  which  may  be  mentioned 
phloretin,  quercetin,  moritannic  acid,  horse  chestnut  tannin, 
catechin,  scoparin,  luteolin,  dragon^s  blood  and  gamboge.  It  was 
first  obtained  by  Hlasiwetz  in  1855  from  phloretin;  according  to 
Schiff  {Ann.  Chem.  Pharm.,  clxxii.  356),  it  is  best  prepared  from 
this  compound  in  the  following  manner : 

Twenty  gram«  of  phloretin  and  150  00.  of  a  eolation  of  potassic  hydrate  of  the 
specific  gravity  1*20  are  heated  in  a  flask  attached  to  a  reversed  condenHcr  for  about 
three  hours;  the  cooled  liquid  is  then  poured  into  a  litre  cylinder  in  which  all 
the  remaining  operations  are  eifected.  It  is  exactly  neutradized  with  sulphuric 
acid,  a  very  slicpht  excess  of  sodic  bicarbonate  is  added,  and  the  phloroglncol 
extracted  by  agitating  the  solution  with  an  equal  volume  of  ether,  the  extraction 
with  ether  being  repeated  four  times.  If  an  excess  of  sulphuric  acid  be  then 
added,  the  phloretic  acid,  which  is  the  complementary  product  of  the  action  of 
the  alkali  on  phloretin,  may  be  extracted  in  -a  similar  manner. 

On  distilling  off  the  ether,  nearly  colourless  phloroglucin  remains ;  it  majr  be 
decolorized  and  purified  by  dissolving  in  water,  and  adding  a  small  quantity 
of  plumbic  acetate,  and  passing  sulphuretted  hydrogen  through  the  solution; 
it  is  then  extracted  by  ether,  and  recrysrtallized  from  ether  or  water. 

The  best  material  for  the  preparation  of  phloroglncol,  accord- 
ing to  Hlasiwetz  {iUd.,  cxxxiv.  12a),  is  kino,  100  grams  {?  1000 
grams)  of  which  gave  9a  grams  of  phloroglucin. 

It  separates  from  its  aqueous  solution  in  large  trimetric 
prisnts  of  the  composition  C^HgOj,  20H^  which  effloresce  in  dry 
air  and  are  rendered  anhydrous  by  heating  to  90®  (194°  F.) ;  the 
anhydrous  substance  melts  at  about  220°  (428°  P.),  and  may  be 
sublimed  at  a  higher  temperature  without  decomposition.  It 
has  a  sweeter  taste  than  cane  sugar,  and  is  readily  soluble  in  ether, 
less  so  in  water  or  alcohol.  On  mixing  an  alcoholic  solution  of 
potassic  hydrate  with  a  -concentrated  alcoholic  solution  of  phloro- 
glncol^ a  potassium  derivative   separates  as  an  oily  mass^  which 
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becomes  crystalline  after  a  time ;  its  composition  has  not  yet 
been  ascertained.  Basic  plnmbic  acetate  produces  a  white  pre- 
cipitate of  the  composition  CgHg(OH)(O.PbOH)2  in  solutions  of 
phloroglucol.  Acetic  and  benzoic  chlorides  readily  act  on  it, 
forming  the  compounds  0^X13(0211303)3,  and  0^X13(0^11502)8.  It 
dissolves  in  ammonia  solution,  and  if  the  liquid  be  allowed  to 
evaporate  spontaneously,  glistening  crystals  of  phlaramine, 
OgH3(OH)g(NH2),  are  obtained ;  the  same  compound  is  formed  * 
by  the  action  of  gaseous  ammonia.  On  adding  bromine  to  a 
concentrated  aqueous  solution  of  phloroglucol,  the  tribroino-den- 
vative  OgBr3(OH)3  separates  as  a  crystalline  pulp;  it  is  very 
slightly  soluble  in  cold  water,  easily  in  alcohol,  crystallizing  from 
the  latter  in  long  pi'isms  of  the  compositions  0^1X3 Br308,30H2, 
which  lose  their  water  of  crystallization  at  loo*^  {212,^  F.).  Ou 
passing  chlorine  into  a  cold  aqueous  solution  of  phloroglucol, 
dichloracetic  add  is  obtained  (Hlasiwetz  and  Habermann,  ibid., 
civ.  132)  : 

03H3(0H)3  +  6OI2  +  3OH2  =  3OHOI2.OOOH  +  6H01, 
Nitric  acid  acts  violently  on  phloroglucol  and  readily  converts  it 
into  oxalic  acid,  but  by  gradually  adding  it  to  the  somewhat 
dilute  slightly  warmed  acid,  it  is  converted  into  trinitrophloro- 
fflucol,  Og(N 03)3(011)8 ;  it  crystallizes  from  water,  in  which  it  is  only 
slightly  soluble  when  cold,  in  reddish-yellow  glistening  scales  and 
plates  (Hlasiwetz,  ibid,,  cxix.  199).  Phloroglucol  is  readily  con- 
verted by  warming  with  phosphoric  oxychloride  into  phloroglucid 
OjjHjj^Og  (SchiflF,  ibid.,  clxxii.  358) ;  this  compound  crystallizes 
with  two  molecules  of  water  in  colourless  scales,  slightly  soluble 
in  warm  water  and  in  alcohol,  insoluble  in  ether  (Hlasiwetz). 
Phloroglucol  is  converted  into  a  crystalline  monosulphonic  acid 
by  the  action  of  the  theoretical  amount  of  anhydrosulphuric 
acid  (Schiff,  Deut.  chem,  Ges.  Ber.,  vi.  26). 

Phloroglucol  reduces  argentic  nitrate,  especially  if  ammonia 
be  added,  and  also  an  alkaline  cupric  solution ;  it  gives  a  deep 
violet-red  coloration  with  ferric  chloride.  By  the  action  of 
nitrous  acid  it  is  converted  into  phlorein,  O^gHgOg,  which  dissolves 
in  alkalies  forming  a  deep  purple  coloured  solution  (Benedikt, 
Deut,  chem.  Oes.  Ber.,  vii.  445).  When  dilute  solutions  of 
phloroglucol  and  of  aniline  or  toluidine  nitrate  are  mixed,  and  a 
solution  of  potassic  nitrate  is  added,  the  liquid  which  is  at  first 
clear  becomes  after  a  time  turbid  and  of  a  brownish-yeUow 
colour,  then  orange-red,  and  finally  a  vermilion-red  precipitate 
is  produced  (Weselsky,  ibid,,  ix.  216).  This  reaction  aflfords  an 
extremely  delicate  test  for  phloroglucol.  C"nno]c> 
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Constitution  of  pyrogallol  and  phhroglucoL — Although  at  present  no 
direct  proof  of  the  coDstitution  of  these  compounds  can  be  advanced,  there  is 
little  doubt  that  their  relation  to  benzene  may  be  expressed  in  the  following 


manner 
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PYrogallol  or  Phloroglncol  or 

metatriozjbenxenfl.  paratrioxybcnseiM. 

Perhaps  the  most  conclusive  evidence  in  favour  of  the  assumption  that  pyio- 
gallol  is  metatrioxybenzene  is  derived  from  its  behaviour  on  oxidation,  whereby 
it  is  converted  into  a  quinone  derivative.  This  conclusion  is  also  in  aocordanoe 
with  its  formation  from  gallic  acid  (q.v.),  and  from  parachlorophenolorthosul- 
phonic  acid  (p.  548),  although  on  account  of  the  frequent  occurrence  of  isomeric 
change  on  fusing  compounds  with  potassic  hydrate,  no  great  weight  can  be  at- 
tached to  this  evidence.  No  proof  has  yet  been  given  even  that  phlorogluool  is 
derived  from  benezene,  but  Korner  (Oazetta  chimica  italiana,  1874,  iv.  425), 
incidentally  refers  to  the  formation  of  phloroglucol  derivatives  from  the  nitro- 
derivatives  of  paratribromobenzene,  and  the  entire  behaviour  ofphloroglucolisin 
accordance  with  the  assumption  that  it  is  paratrioxybenzene.  Its  conversion 
into  dichloracetic  acid  by  the  action  of  chlorine  in  presence  of  water  is  obviously 
analogous  to  that  of  the  para-modification  of  trimeUiylbenzene,— mesitylene,  into 
acetic  acid  on  oxidation  (p.  288),  and  may  be  regarded  as  evidence  that  it  is  a 
member  of  the  same  series  of  derivatives  as  mesitylene. 

(1536)  Dimethylmetatrioxyhenzene ;  Trioxymetcurylene :  C^H(CH,),(OIT)j. 
— This  compound  is  obtained  by  the  action  of  a  warm  aqueous  solution  of  sul- 
phurous acid  on  oxymetaxyloquinone  (q.v.)»  C,H(CH^,(OH)Oj.  It  separates 
from  an  aqueous  solution  in  large  tabular  crystals,  containing  a  molecule  of  water 
of  crystallization,  which  is  expelled  by  heating  to  80^  (176^  F.) ;  the  hydrated 
substance  melts  at  89°  (192^*2  F.),  but  when  anhydrous  it  melts  at 
122^  (25i°*6  F.).  It  id  moderately  soluble  in  cold,  and  very  soluble  in  hot 
water;  oxidizing  agents  very  readily  reconvert  it  into  the  quinone,  and  on 
allowing  the  aqueous  solution  to  evaporate  spontaneously  the  dark  coloured 
quinhydrone  is  formed.  When  distilled  over  heated  zinc  dust  it  is  reduced  to 
metaxylene,  CjH^(CH3),.  Acetic  chloride  converts  it  into  the  diacetate 
C,H(CHg)j(C,H,0,),,  which  crystallizes  from  alcohol  in  large  glistening  prisms, 
insoluble  in  water,  but  very  soluble  in  hot  alcohol ;  it  melts  at  99°  (2 10°' 2  F.). 
(Fittig  and  Siepermann,  Ann.  Chem.  PAar»i. ,  clxxx.  37). 

(1537)  Fhenylglycerol:  C,H,.CH(OH).CH(OH).CH,(OH).— This  alcohol 
is  obtained  by  heating  the  bromide  formed  by  combining  cinnamic  alcohol  with 
bromine  (p.  395)  with  water  and  argentic  acetate  in  open  vessels  for  forty-eight 
hours;  the  solution  freed  from  silver  by  sulphuretted  hydrogen,  concentrated,  and 
then  exposed  in  vacuo  over  sulphuric  acid  leaves  the  phenylglycerol  as  a  pale 
yellow  gummy  mass,  excessively  soluble  in  water  and  alcohol,  of  a  distinct  bitter 
taste  (Grimaux,  Compt  Rend.,  Ixxvi.  1598). 

(1538)  Propylmethylmetatrioxyhenzene :  C,H,*.C,H(CH,)(OH),.  —  This 
trioayc^fmeme  appears  to  be  formed  on  treating  ox^thymoquinone  with  tin  and 
hydrochloric  acid;  it  is  very  readily  reconverted  into  the  oxyquinone  on  exposure 
of  its  solution  to  the  air  (Carstanjen,  Joum.  jpr.  Chem.  [2],  iii.  61). 

(1539)  2Hoxynapkthalene :  Cj^H,(OH),,  is  formed  in  a 


1540.]  ERYTHROL  OR  BRYTHRITB.  553 

from  oxynaphthaquinone  (q.v.) ;  it  crystallizes  in  yellow  needles,  less  soluble  in 
water  than  in  alcohol  or  ether.  It  is  very  readily  oxidized,  and  therefore  acts 
as  a  powerful  reducing  agent ;  an  alkaline  solution  becomes  red  on  exposure  to 
the  air,  absorbing  oxygen,  the  metallic  derivative  of  the  oxyquinone  being  formed 
(oomp.  p.  499 ;  Graebe  and  Ludwig,  Ann,  Chem,  Pharm,,  cliv.  324). 


§  XI.  Tbtrahydric  Alcohols. — Alcohols  of  the 
CnHto-a(0H)4  Series. 

At  present  only  two  tetrahydric  alcohols  are  known — viz., 
erythrol  or  erythrite,  the  tetrahydroxyl  derivative  of  the  paraffin 
normal  tetrane,  and  naphtherythrol,  C|QHg(OH)^. 

(1540)  Erythrol  or  Erythrite  ;  Erythromannite  or  Phycite  : 
C^Hg(OH)^  or  CH2(OH).CH(OH).CH(OH).CH3(OH).— This  sub- 
stance exists  ready  formed  in  the  alga  protococcus  wilgaris,  and 
may  also  be  obtained  fJrom  the  orsellinates  of  erythrite,  picro- 
erythrin  or  erythrin,  the  latter  of  which  occurs  in  some  species  of 
orchella  weed,  such  as  Roccella  tinctoria  and  R.  fuciformis. 

It  is  prepared  from  erythrin  by  boiling  it  with  water  and  excess  of  lime  in 
the  manner  already  described  when  treating  of  the  preparation  of  orcin  (p.  528). 
After  the  solution  has  been  neutralized  and  evaporated  to  dryness  at 
ICO*  (212*  P.),  the  solid  mixture  of  orcin  and  erythrite  is  broken  up  and  treated 
with  strong  alcohol,  which  readily  dissolves  the  orcin,  but  leaves  the  erythrite, 
the  latter  being  but  slightly  soluble  in  alcohol.  The  impure  erythrite .  ean 
readily  be  obtained  pure  and  colourless  by  two  or  three  crystallizations  from 
boiling  water,  with  the  addition  of  some  animal  charcoal 

It  crystallizes  in  large  colourless  quadratic  prisms,  which 
are  insoluble  in  ether,  but  dissolve  very  readily  in  water,  and 
sparingly  in  cold  alcohol ;  it  melts  at  lao^  (248^  F.),  but  cannot 
be  distilled  without  undergoing  decomposition ;  erythrol  does  not 
reduce  alkaline  solutions  of  cupric  salts,  and  is  not  fermentable 
by  yeast.  It  possesses  but  a  feebly  sweet  taste.  It  is  dissolved  by 
concentrated  nitric  acid,  being  converted  into  the  nitrate 
C^Hg(NOg)p  which  may  be  separated  by  the  addition  of  concen- 
trated sulphuric  acid,  and  purified  by  washing  with  cold  water, 
and  crystallization  from  alcohol ;  it  forms  large  shining  colour- 
less laminae,  which  melt  at  61°  (141*^*8  R),  and  detonate  by  per- 
cussion or  when  heated.  When  treated  with  ammonic  sulphide, 
erythrol  is  r^enerated.  By  heating  erythrol  with  concentrated 
hydrochloric  or  hydrobromic  acid  to  100 — iio°(2iii® — 230*^  F.), 
it  is  converted  into  the  compounds  C^HgCl2(0H)jj  and 
C4HgBr3(OH)3.  The  dichlorhydrin  forms  colourless  crystals, 
very  soluble  in  water,  which  melt  at  145^  (293°  F.)  (De  Luynes) ; 
on  treatment  with  a  mixture  of  concentrated  nitric  and  sul- 
phuric acids  it  yields  the  dinitrate  C^HgCl3(N03)jj,  which  melta 
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at  60®  (140°  F.),  and  has  properties  similar  to  those  of  the  dini- 
trate  derived  from  the  dibromhydrin.  The  dibromhydrin  is 
stated  to  be  insoluble  in  water;  it  melts  at  130°  (266°  F,).  The 
dinitrate  C^HgBr2(N03)2  is  insoluble  in  water,  but  crystallizes 
from  alcohol  in  long  white  needles,  melting  at  75°  (167°  P-)i 
it  does  not  detonate  when  struck  (Champion,  Compi.  Rend., 
Ixxiii.  114). 

When  erythrol  is  distilled  with  a  concentrated  solution  of 
hydriodic  ticid,  it  is  converted  into  y-iodotetrane  or  secondary 
butylic  iodide,  CHj.CHI.CgHg. 

By  exposing  a  dilute  aqueous  solution  to  air  in  contact  with  pla- 
tinum black,  erythritic  acid,  CH3(0H).CH(0H).CH(0H).C00H, 
is  produced.  When  heated  with  potassic  hydrate  at  about  240^ 
(464°  F,),  erythrol  furnishes  potassic  oxalate  and  acetate  with 
evolution  of  hydrogen. 

On  distilling  erythrol  with  formic  acid  it  undergoes  a  decom- 
position similar  to  that  of  glycerin,  the  monoformin  which  is  first 
produced  being  converted  into  water,  carbonic  anhydride,  and  a 
glycol  of  the  formula  0^11^(011)2,  which  at  present  is  the  only 
representative  of  the  CnH2n_2(OH)2  series.  This  glycol  is  a 
colourless  thick  liquid,  soluble  in  water,  and  boils  at  about 
2QoP  (392®  F.) ;  it  combines  directly  with  bromine ;  its  diacetate 
boils  at  about  202°  (395^'6  F.)  (Henninger,  Deut,  chem.  Ges.  Ber,, 
v,  1059  ;  comp.  p.  219). 

(1541)  Naphthebythbol  ;  Naphthalene  Alcohol:  CjgH,(OH)^. — ^This 
alcohol  is  obtained  by  warming  a  solution  of  the  compound  Cj^HgCI,(OH),, 
formed  by  the  combination  of  naphthalene  with  hypochlorous  acid,  with  potassic 
hydrate,  and  extracting  by  ether.  It  crystallizes  in  prisms,  which  rapidly  turn 
ln*own ;  and  decomposes  when  distilled.  It  is  only  slightly  soluble  in  water,  but 
easily  in  alcohol  and  ether,  and  dissolves  with  brown  colour  in  an  aqueous  solution 
of  potassic  hydrate.  It  furnishes  metallic  derivatives  when  silver  or  lead  salts,  &c., 
are  added  to  the  alcoholic  solution  mixed  with  a  little  ammonia.  It  is  stated  that 
the  solution  of  the  alcohol  in  warm  very  dilute  nitric  acid  leaves  on  evaporation 
yellow  prisms  of  an  acid  of  the  composition  C^^H^O^  (Neuhoff,  Ann,  Chem, 
J^harm,,  cxxxvi  342). 

§  XII.   Pbntahydric  Alcohols  of  the  CnH2n_3(OH)5  Series. 

Quercite,  C^H^fi^  has  been  shown  to  be  a  pentahydric 
alcohol,  and  it  is  not  improbable  that  pinite,  and  the  so-called 
isodulcite,  which  are  isomeric  with  quercite,  are  also  pentahydric 
alcohols. 

(1542)  QuERciTOL  or  Quercite  :  0^117(011)5. — This  sub- 
stance is  contained  in  acorns ;  to  prepare  it,  the  aqueous  extract 
of  bruised  acorns  is  freed  from  dissolved  tannic  acid  by  heating 
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it  with  lime,  the  filtrate  is  left  to  ferment  with  yeast  to  remove 
sugar,  and  the  filtered  liquid  is  then  evaporated  to  a  syrup,  the 
crystals  which  separate  after  a  time  being  recrystallized  from 
water  or  from  weak  alcohol.  Quercitol  forms  hard  monoclinic 
prisms,  sweet  to  the  taste ;  it  does  not  alter  even  at  215°  (419°  P-)> 
but  melts  at  235°  (455°  F.)  When  heated  with  an  excess  of  acetic 
anhydride  to  100° — 120®  (212 — 248°  F.)  it  is  converted  into  the 
pentacetate  CgH^(C2H30j)5 ;  acetic  chloride  is  without  action  at 
its  boiling  point,  but  also  converts  the  alcohol  into  the  pent- 
acetate  when  heated  with  it  in  closed  vessels  to  100°  (212°  ¥.)• 
Di-  and  tetracetates  may  be  obtained  by  the  action  of  limited 
quantities  of  the  anhydride.  These  acetates  are  all  extremely 
hygroscopic ;  the  pentacetate  melts  at  37® — ^43°  {gS°'6 — 109°'4  F.). 
On  treatment  with  a  mixture  of  concentrated  nitric  and  sul- 
phuric acids,  quercitol  is  converted  into  the  pentanitrate 
CgH7(N03)5.  A  concentrated  solution  of  hydrochloric  acid  is 
entirely  without  action  on  quercitol  even  at  100°  (212°  F.).  On 
oxidation  with  dilute  nitric  acid,  or  with  bromine  and  water,  it 
appears  to  furnish  only  oxalic  acid  and  carbonic  anhydride  (Homann, 
Deut.  chem.  Ges.  Ber,,  viii.  1039  j  and  Dissertation^  Wurzburg), 
Most  remarkable,  however,  is  the  behaviour  of  quercitol  with 
hydriodic  acid,  which  reduces  it  to  benzene  (Prunier,  Compt, 
Rend.,  Ixxxii.  1 1 1 3).  From  this  it  is  probable  that  the  constitutiou 
of  quercitol  is  represented  by  one  of  the  following  formulae ; 

H.OH  H.OH 

HO.yC  CH.OH  HO.HC  CH, 

II  II 

HO.HC  CH.OH  HO.HC  CH.O 

H,  H.OH 

(1543)  PiniU:  C^H^jO,. — Finite  i«  a  crystalliiie  flubstance  contained  in 
the  sap  of  the  Pinus  lamhertiana  of  California.  It  is  deposited  from  the 
aqueous  extract  of  the  hardened  juice  in  hard  white  nodules.  It  melts  above 
150°  (302^  F.),  is  very  soluble  in  water,  slightly  in  alcohol,  and  has  a  very 
sweet  taste ;  like  quercitol  it  is  not  fermentable,  and  does  not  reduce  an  alkaline 
cupric  solution.  It  is  an  optically  active  substance,  its  rotatory  po^ver,  according 
to  Berthelot,  being  [a]|j  =  +  58°'6.  In  its  general  behaviour  it  appears  closely 
to  resemble  quercitol,  and  like  the  latter  is  a  body  of  considerable  stability,  but 
scarcely  anything  is  known  of  its  derivatives. 

(1544)  IsocUdeite:  C,H„Oj  +  CXH,.— This  body  is  produced  by  the  de- 
composition of  quercitrin,  a  substance  contained  in  quercitron  bax]^  under  the 
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influence  of  acids.  It  cryBtallizes  with  great  facility  in  large  well-formed 
crystals  resembling  those  of  cane  sugar,  sweet  to  the  taste,  and  very  soluble  in 
water ;  the  solution  is  dextrorotatory.  It  melts  with  loss  of  water  between  105^ 
and  110°  (221^  and  230°  F.).*  Isodulcite  reduces  an  alkaline  cupric  solution, 
its  reducing  power  being  almost  equal  to  that  of  grape  sugar ;  it  is  not  ferment- 
able. On  treatment  with  a  mixture  of  concentrated  nitric  and  sulphuric  acids, 
it  is  converted  into  a  nitrate  of  the  composition  C^KfiJl^O^)^  (Hlasiwetz  and 
Pfaundler,  Ann.  Chem.  Pharm.,  cxxvii.  362).  When  oxidized  with  nitric  acid 
it  yields  a  dibasic  acid,  wdulcitic  ctcid,  Cfi^fi^  (Malin,  ibid.,  cxlv.  197). 

§  XIII.  Hexahydric  Alcohols. — Alcohols  of  the  CnHja_^(OH)j 

Series. 

The  only  hexahydric  alcohols  at  present  known  besides  mannite 
and  dulcite — both  of  which  apparently  are  hexhydroxyl  derivatives 
of  the  paraffin  normal  hexane — are  hexoxydiphenyl,  CjgH^lOH)^; 
sorbite,  and  phenose,  CgHg(OH)^ — a  body  of  which,  however,  our 
knowledge  is  very  imperfect.  Inosite  and  dambose  are  perhaps 
also  hexhydric  alcohols. 

(1545)  Mannitol  or  Mannite  :  CgHg(OH)g. — ^This  substance 
was  discovered  by  Proust  in  1 806.  It  is  the  chief  constituent  of 
manna,  the  dried  sap  of  Fraxinus  omus,  but  it  also  occurs,  though 
in  much  smaller  quantity,  in  many  other  plants,  and  in  Aingi.  On 
exhausting  manna  with  boiling  alcohol,  and  allowing  the  solution 
to  cool,  it  is  deposited  in  small  crystals  which  may  be  purified 
by  recrystallization.  Mannitol  is  formed  by  the  action  of  sodium 
amalgam  on  the  mixture  of  dextrose  and  laevulose,  C^H^jjO^,  ob- 
tained on  boiling  a  solution  of  cane  sugar  with  a  small  quantity 
of  sulphuric  acid  (Linnemann).  Dewar  has  shown  that  dextrose 
may  be  converted  into  mannitol  in  this  manner,  and  from  his 
experiments  it  seems  probable  that  it  may  also  be  formed 
from  laevulose,  for  he  found  that,  although  the  whole  of  the 
cane  sugar  was  not  obtained  in  the  form  of  mannitol,  a  gummy 
uncrystallizable  substance  being  simultaneously  produced,  the 
crude  product  was  entirely  without  action  on  polarized  light 
{PhU.  Mag.  [4],  xxxix.  345).t 

*  Lowe  (ZeiU.  anal.  Chem.,  xiv.  2 33)  finds,  however,  that  quercitrin  from  quer- 
citron bark  is  not  a  gluooside,  but  merely  differs  from  quercetin  by  the  elements  of 
water ;  quercetin  being  the  anhydride  of  quercitrin.  It  is  difficult  to  reconcile  this 
statement  with  the  circumstantial  account  of  isodulcite  given  by  Hlasiwetz  and 
Pfaundler,  unless  we  suppose  that  the  quercitron  examined  by  them  was  really  a 
different  compound  from  Lowe's,  and  not  identical. 

t  Mr.  G.  Haughton  Gill  informs  ns  that  he  has  obtained  mannitol  from 
Isevulose  prepared  by  Dubrunfant's  method  by  treating  its  aqueous  solution 
with  sodium  amalgam  (comp.  Bouehardat,  ^»».  Ck.  Phyt.  [47],  xxvii.  207),  and 
Erusemann  {Deut.  chem.  Get.  Ber.,  ix.  1465)  has  recently  prepared  it  in  a 
Bimilar  manner  from  leevnlose  from  inulin. — [Edb.]  ^^ 
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Mannitol  crystallizes  in  thin  four-sided  rhombic  prisms^  soluble 
in  about  6^  pts.  of  water  at  ordinary  temperatures;  it  melts  between 
i6oP  and  165°  (329° — 329^  P.);  at  about  aoo°  (392°  F.)  it  begins 
to  boil,  and  may  be  distilled  with  very  little  decomposition  even 
at  the  ordinary  atmospheric  pressure.  It  exerts  but  a  feeble 
lavorotatory  action  on  polarized  light,  the  deviation  produced  by 
a  15  per  cent,  solution,  in  a  tube  three  metres  long,  being  0°  15' 
(Bouchardat,  Compt.  Rend,,  Ixxx.  120).  It  is  only  slightly  sweet 
to  the  taste,  and  does  not  reiduce  an  alkaline  cupric  solution ; 
it  slowly  ferments  in  contact  with  ordinary  beer  yeast  (Muntz, 
Ann.  Ckem,  Phys.  [5],  viii.  80). 

On  treatment  with  a  mixture  of  concentrated  nitric  and 
sulphuric  acids,  mannitol  is  converted  into  the  hexanitrate 
CgHg(N03)g.  It  forms  white  acicular  crystals,  insoluble  in  water, 
but  soluble  in  alcohol  or  ether,  and  which  melt  at  108°  (226°'4  F.) ; 
it  explodes  violently  on  being  struck.  By  the  action  of  ammonic 
sulphide  and  other  reducing  agents,  it  is  reconverted  into 
mannitol.  The  corresponding  acetate  C^ll^{C^}ifi^)^,  is  obtained 
by  heating  mannitol  in  an  open  vessel  with  a  considerable  excess 
of  acetic  anhydride,  and  crystallizes  from  its  solution  in  the 
latter  in  prisms  which  melt  at  119°  (246°'2  F.). 

By  heating  mannitol  at  100®  (212°  F.)  for  ten  hours,  with 
fifteen  times  its  weight  of  a  solution  of  hydrochloric  add  saturated 
at  0°  (32°  F.),  it  is  converted  into  the  dichlorhydrin  CgHgClg(OH)^; 
the  corresponding  dibromhydrin  is  prepared  in  a  similar  manner, 
the  mannitol  and  hydrobromic  acid  being  heated  together  for  two 
hours  only.  Both  crystallize  in  colourless  plates ;  the  former 
melts  at  174°  (345°'2  F.),  and  dissolves  in  22  parts  of  water  at 
14''  (57°-2  R);  the  latter  melts  at  178°  (352°-4  F.),  and  is 
insoluble  in  cold  but  dissolves  in  warm  water.  On  treatment 
with  a  mixture  of  nitric  and  sulphuric  acids,  they  are  converted 
into  the  nitrates  CgH8Cl2(N03)^  and  C^HgBrjCNOs)^  both  of  which 
are  insoluble  in  water,  but  soluble  in  sJcohol,  and  crystallize  in 
needles ;  the  former  melts  at  145°  (^93°  P«)  (Bouchardat,  ibid,, 
Ixxv.  T187;  Ixxvi.  1550). 

All  these  derivatives  are  optically  active;  the  specific 
rotatory  powers  of  their  solutions,  according  to  Bouchardat,  are  as 
follows : 

Mannitol  hexacetate        [o],,     =      4-18° 
„        hexanitrate       [aj^      =      4-   42°*2 
„        dichlorhydrin  [a],,     =      '-     3^7 

On  distilling  mannitol  with  a  concentrated  solution  of  hydriodic 
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acid,  it  is  converted  into  normal  secondary  hexylic  iodide, 
CHs.CHI.CHj.CHj.CHj.CHj  (Erlenmeyer  and  Wanklyn)  : 

C,H,(OH),    +     uHI     =    C,H„I    +     60Hj    +    51^. 

MannitoL  Hezylic  iodide. 

On  oxidizing  mannite  under  the  influence  of  platinum  black — 
by  exposing  to  the  air  a  mixture  of  the  two  substances  moistened 
with  water — mannitic  acid  CgH^gO^  or  C5H^(OH)5.COOH,  is  pro- 
duced ;  when,  however,  mannite  is  oxidized  with  nitric  acid  it  is 
converted  into  saccharic  acid,  C^H4(OH)4(COOH)j. 

(1546)  DuLCiTOL  orDoLciTE;  Melampyrite :  CgHg(OH)g. — 
This  isomeride  of  mannitol  is  the  chief  constituent  of  the  so-called 
dulcite  manna  from  Madagascar,  and  may  be  obtained  in  a  pure 
state  by  crystallization  from  boiling  water ;  it  occurs  in  the  sap 
of  Melampyrum  nemorosum,  and  of  many  other  plants.  It  is 
produced  together  with  mannitol  on  treating  a  solution  of  milk 
sugar,  or  of  milk  sugar  '*  inverted'^  by  boiling  with  a  small  quan- 
tity of  sulphuric  acid,  with  sodium  amalgam,  being  formed  in  the 
latter  case  by  the  hydrogenation  of  a-lactose  (q.v.)  (Bouchardat, 
Ann.  Ch.  Phys.  [4],  xxvii.  75,  101). 

Dulcitol  crystallizes  in  hard  monoclinic  prisms,  scarcely  sweet 
to  the  taste ;  it  melts  at  about  188°  (370°-4  F.),  and  is  decom- 
posed on  distillation.  It  is  much  less  soluble  in  water  than 
mannitol,  and  is  but  slightly  soluble  even  in  boiling  alcohol ; 
it  does  not  reduce  an  alkaline  cupric  solution.  Its  solution  has 
no  appreciable  action  on  polarized  light,  and  apparently  none 
of  its  derivatives  are  in  a  marked  degree  optically  active.  Like 
mannitol,  its  solution  is  not  coloured  when  warmed  with  an  alkali, 
and  it  is  not  carbonized  by  sulphuric  acid,  this  acid  apparently 
converting  both  mannitol  and  dulcitol  into  acid  sulphates. 

A  mixture  of  concentrated  nitric  and  sulphuric  acids  con- 
verts dulcitol  into  the  hexanitrate  CgHg(N03)Q,  which  crystallizes 
from  alcohol  in  colourless  needless  ;  it  melts  at  about  70°  (158®  F.). 
The  hexacetate,  C^^(C^^O^^  obtained  by  the  action  of  acetic 
anhydride  at  180°  (356°  F.),  crystallizes  in  plates  fusible  at 
171°  (339°-8  F.).  The  hexabenzoate  C^li^{C^Yif>^)^,  formed  by 
heating  dulcitol  with  benzoic  chloride  to  150°  (302°  F.),  melts  at 
147°  (296°'6  F.);  it  is  quite  insoluble  in  water,  and  only  slightly 
soluble  in  alcohol. 

Dulcitol  dissolves  easily  in  a  saturated  solution  of  hydro- 
chloric acid,  and  on  standing  separates  from  the  solution  in  crystals 
of  the  composition  C^lA^fi^^ACX-^-^Yi^O  i  this  compound  can 
exist  only  in  an  atmosphere  saturated  with  hydrochloric  acid. 
Corresponding  compounds  with  hydrobromic  and  hydriodic  acid 
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may  be  obtained.  Mannitol  does  not  exhibit  a  similar  tendency 
to  combine  with  acids.  By  heating  dulcitol  with  hydrochloric 
acid,  it  is  converted  into  the  dichlorhydrin  CgHgCyOH)^  which 
is  insoluble  in  cold  water,  and  is  decomposed  by  hot  water;  it 
melts  at  180°  (356°  F.),  but  like  the  mannitol  derivative  is  decom- 
posed (Bouchardat,  lot.  cii,,  p.  143).  The  dibromhydrin  is  in  all 
respects  a  similar  compound,  but  decomposes  more  readily.  By 
the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric 
acids  on  the  dichlorhydrin  and  dibromhydrin  of  dulcitol,  the 
tetranitrates  C5HgCl3(N03)^  and  CeHgBr2(N03)^  are  obtained; 
they  are  soluble  in  alcohol  and  melt  respectively  at  108^  (a26°'4  F.) 
and  no  (230°  F.) 

On  distilling  dulcitol  with  a  concentrated  solution  of  hydri- 
odic  acid,  it  furnishes  a  hexylic  iodide  which  is  in  all  respects 
identical  with  that  from  mannitol  (Hecht,  Ann,  Chem.  Phann,^ 
clxv,  146). 

Dulcitol  is  converted  by  oxidation  with  nitric  acid  into  mucic 
acid,  CgHjQOg,  which  is  isomeric  with  saccharic  acid. 

The  constitution  of  mannitol  and  dulcitol,  like  that  of  hydro- 
benzoin  and  isohydrobenzoin,  is  at  present  involved  in  obscurity. 
The  difference  in  their  behaviour  on  oxidation,  in  their  physical 
properties,  and  in  the  physical  properties  of  their  derivatives  is 
so  great,  that  it  appears  in  the  highest  degree  probable  that  they 
are  bodies  of  different  chemical  constitution.  From  their  beha- 
viour on  treatment  with  hydriodic  acid,  we  must  regard  them  as 
derivatives  of  the  same  paraffin,  normal  hexane,  and  on  account 
of  their  stability  we  must  suppose  that  each  of  the  six  hydroxyl 
groups  is  associated  with  a  different  carbon  atom ;  but  normal 
hexane  can  only  furnish  a  single  hexhydric  alcohol  in  which  each 
of  the  OH  groups  is  attached  to  a  different  carbon  atom,  viz. : 

CH3.CH,.CH,.CH,.CH3.CH,        CH,(OH).CH(OH).OH(OH).CH(OH).OH(OH).CH,(OH). 
Normal  hexune.  ?  Mannitol  and  DoIoitoU 

(i 547)  Sorbite  :  C^Hj^O^. — This  substance  is  obtained  from  the  expressed 
juice  of  mountain  ash  berries.  It  separates  from  water  in  nacreous,  crystals 
of  the  composition  2Gfi.^p^  +  OHj,  which,  become  anhydrous  when  heated 
above  100°  (212°  F.).  The  hydrated  compound  melts  at  102"*  (2i5**"6  F.),  and 
the  anhydrous  substance  at  110°  (230°  F.).  It  is  inactive  to  polarized  light, 
and  does  not  reduce  an  alkaline  cupric  solution.  Like  mannitol  and  dulcitol  it  is 
not  carbonized  by  concentrated  sulphuric  acid  ;  it  is  not  fermentable  (Boussingault, 
Compt,  Rend.,  Ixxiv.  939). 

(1548)  Phekose  :  (P)  C,Hg(OH)^. — Benzene  combines  directly  with  hypo- 
chlorous  acid  forming  thetrichlorhydrin,  CgH^C^OH)^,  and,  according  to  Carius, 
by  carefully  warming  a  dilute  aqueous  solution  of  this  compound  with  sodic 
carbonate,  it  is  converted  into  the  hexhydric  alcohol  CgHg(OH)j  {Ann,  Chem. 
Fharm.,  crxxvi.  326).     The  preparation  of  phenose  in  this  manner  is  attended 
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with  great  difficaltj,  however,  both  on  account  of  the  readiness  with  which  the 
trichlorhydrin  andergoes  oxidation  by  the  hypochlorous  acid,  and  also  from 
the  extreme  alterability  of  the  alcohol  itself.  On  this  account,  phenose  has 
been  but  Tery  imperfectly  investigated,  and  even  its  composition  can  scarcely  be 
said  to  be  satisfactorily  established.  It  is  described  by  Oarius  as  an  amorphous 
deliquescent  substance,  easily  soluble  in  water  and  alcohol,  its  taste  being  sweet 
at  first,  but  afterwards  sharp.  It  is  decomposed  when  heated  a  little  above 
100**  (212°  F.)>  emitting  a  caramel-like  odour,  and  when  submitted  to  dry  dis- 
tillation it  furnishes  a  distillate  containing  acetic  acid.  It  is  rapidly  converted 
into  humus-like  substances  when  heated  with  dilute  acids  or  alkalies.  On 
warming  with  even  very  dilute  nitric  acid,  it  is  oxidized  to  oxalic  acid.  It  readily 
reduces  alkaline  solutions  of  cupric  salts.  When  distilled  with  a  solution  of 
hydriodic  acid  it  is  chiefly  carbonized,  but  a  small  quantity  of  a  hexylic  iodide 
is  formed ;  this  iodide  is  more  readily  produced  by  heating  the  tridilorhydrin 
C0H,Clj,(OH),  with  hydriodic  acid,  and  is  apparently  identical  with  the  hexylic 
iodide  from  mannite. 

The  difference  between  quercitol  and  phenose  in  stability,  and  in  their  beha- 
viour with  hydriodic  acid,  is  remarkable,  for  if  the  latter  be  really  the  alcohol  of 
the  composition  CjHj(O'H)^,*  from  the  manner  in  which  it  is  formed,  we  might 
expect  that  its  constitution  would  be  very  similar  to  that  we  have  attributed 
to  quercitol,  viz. : 

H.OH  H.OH 

C  .C^ 

/\  -^  \ 

HO.HC  CH.OH  HO.HC  CH.OH 

II  II 

HO.HC  CH.OH  HO.HC  CH.OH 

c  c 

H,  H.OH 

QoercitoL  Phenofle. 

but  it  appears  not  improbable  that  inosite,  and  not  phenose,  is  the  analogue  of 
quercitol. 

(1549)  Inosol;  Inosite  or  Fhaseomannite :  Cfi^fi^  or  (P)  CjH^(OH)^. — 
Inosite  was  discovered  by  Scheerer  in  1850  in  the  muscular  substance  of  the 
heart.  It  has  since  been  found  to  exist  in  the  brain,  kidney,  liver,  lungs,  and 
spleen ;  in  horseflcBh  ;  and  in  human  kidneys,  and  in  the  urine  in  cases  of  albu- 
minuria. It  is  present  in  considerable  quantity  in  cochineal  (Hugo  Miiller, 
private  communication).  It  has  also  been  obtained  from  a  number  of  plants : 
for  example,  from  the  unripe  seeds  of  the  French  or  kidney  bean  (Phaseolus 
vulgaris) ;  from  the  green  pods  and  unripe  seeds  of  the  garden  pea  (Pisum 
sativum) ;  from  the  heads  of  the  common  cabbage ;  and  from  grape  juice 
(Hilger,  Ann.  Chem.  Fharm.^  clx.  333). 

*  Kekul^  \Lehrhuck,  iii.  p.  162)  is  inclined  to  regard  phenose  as  the 
hydrate  of  a  trihydroxylbenzene  —  CgH,(0H)g,30H,,  formed  from  the  trichlor- 
hydrin  C,H,C1,(0H),  by  the  abstraction  of  the  elements  of  three  molecules  of 
hydrochloric  acid,  in  the  same  way  that  metatrichlorobenzene  is  formed  from  the 
chloride  C^H^Cl,.  As  it  is  not  identical  with  either  pyrogallol  or  phlorogluool, 
it  could  only  be  the  trihydroxyl-benzene  in  which  the  three  OH  groups  are  con- 
tiguous (see  p.  552) ;  the  formation  of  a  compound  of  this  constitution  by  such  a 
reaction  appears  to  be  somewhat  improbable,  however. 
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It  is  best  prepared  from  unripe  beans,  which  contain  about  three-quarters  per 
cent,  of  tbeir  weight  of  inosite  (Yohl).  The  finely  shredded  beans  are  placed  in 
a  pressing  bag,  wbioh  is  immersed  in  boiling  water  or  steamed  for  half  an  hour, 
and  then  strongly  pressed ;  the  aqueous  extract  and  the  expressed  liqnor  are 
evaporated  to  a  syrup  on  the  water  bath,  alcohol  is  then  added  until  a  permanent 
turbidity  is  produced,  and  the  crystals  which  form  are  purified  by  repeated 
crystailuation  from  water  with  the  aid  of  animal  charcoal. 

When  pure,  inosite  crystalliaes  in  large  well-formed  monoclinic  prisms  from 
on  aqueous  solution  left  to  evaporate  spontaneously,  but  if  impure  it  separates  in 
cauliflower-like  masses.  The  crystals  contain  two  molecules  of  water,  and 
effloresce  in  dry  air  ;  they  dissolve  in  about  six  parts  of  water  at  19^  (66^*2  F.)» 
but  are  insoluble  in  anhydrous  alcohol  or  ether.  The  aqueous  solution  is  not 
precipitated  by  plumbic  acetate,  but  basic  plumbic  acetate  produces  a  white  pre- 
cipitate which  apparently  has  the  composition  G,H^(OH)^(O.PbOH),.  Anhy- 
drous inosite  melts  at  about  210°  (410^  F.);  at  higher  temperatures  it  is  de- 
composed. Inosite  has  a  sweet  taste,  but  is  not  optically  active,  and  does  not 
reduce  an  alkaline  oupric  solution ;  it  does  not  ferment  in  contact  with  beer 
yeast,  but  when  mixed  with  decaying  cheese  and  chalk,  it  undergoes  the  lactic 
fermentation  (Yohl,  Deut  ehem,  Qes,  Ber.,  ix.  984).  It  is  not  altered  by  boiling 
either  with  a  concentrated  solution  of  potassic  hydrate,  or  with  dilute  hydrochloric 
or  sulphuric  acid,  and  is  not  blackened  by  sulphuric  acid  even  at  100°  (212^  F.). 
If  it  is  evaporated  to  dryness  with  dilute  nitric  acid,  no  action  takes  place  until 
the  acid  becomes  moderately  concentrated,  when  nitrous  fumes  are  freely  evolved ; 
the  residue  contains  oxalic  acid,  and  on  dissolving  it  in  water,  neutralizing  with 
calcic  carbonate,  and  separating  the  calcic  oxalate  by  filtration,  a  solution  is  ob- 
tained from  which  (P  on  evaporation)  a  purple-red  flocculent  mass  separates  after 
some  time  :  this  substance  is  soluble  in  dilute  acids,  and  may  be  reprecipitated 
from  the  acid  solution  by  ammonia,  apparently  unchanged.  Scheerer's  test  for 
inosite,  which  consists  in  evaporating  it  nearly  to  dryness  with  aqueous  nitric 
acid,  then  adding  ammonia  and  a  small  quantity  of  calcic  chloride  solution,  and 
again  evaporating,  when  a  rose-red  coloration  is  produced,  doubtless  depends  on 
the  formation  of  this  substance,  which  probably  is  a  product  of  the  action  of 
nitrous  acid.  Nitric  acid  of  sp.  gr.  1*52,  even  if  boiling,  does  not  oxidize  ino- 
site, but  converts  it  into  a  substance  \vhich,  according  to  Yohrs  analysis  (Ann, 
Pharm,  Chem.,cy.  332),  would  appear  to  be  the  hexanitrate  CjH^(NO^^ ;  it  is 
insoluble  in  water,  but  easily  soluble  in  alcohol,  crystallizing  from  the  latter  in 
rhombohedrons.  The  formation  of  this  compound  is  at  present  the  only  evidence 
we  have  to  show  that  inosite  is  a  hexhydric  alcohol.  Inosite  is  not  reduced  on 
distillation  with  a  saturated  solution  of  hydriodic  acid ;  but  when  heated  with 
bromine  and  water  at  loo*^  (212°  F.),  it  is  slowly  oxidized,  much  carbonic  an- 
hydride being  evolved  (H.  Miiller,  private  communication), 

Inosite,  it  will  be  evident,  is  a  body  of  remarkable  stabiliily,  and  in  this 
respect  closely  resembles  quercitol ;  indeed  it  appears  highly  probable,  as  we 
have  above  pointed  out,  that,  like  the  latter,  it  is  derived  from  a  hydrocarbon 
C,Hj2  in  which  the  carbon  atoms  are  united  in  a  closed  chain. 

(1550)  Dambosb. — This  compound  is  obtained  on  heating  dambonite  or 
bomesite  to  100^(212^  F.)  with  hydriodic  acid  solution  (Girard,  Compt.  Rend,, 
Ixvii.  820 ;  Ixxiii.  426).  Dambonite  occurs  in  small  quantity  in  a  peculiar  kind 
of  caoutchouc  exported  from  the  French  colony  of  Gaboon  on  the  west  coast  of 
Africa,  and  bomesite  in  Borneo  caoutchouc ;  these  two  kinds  of  caoutchouc  being 
apparently  the  produce  of  climbing  plants  of  the  genus  ureeola. 

Dambose,  C,Hj,0,,  is  easily  soluble  in  water,  from  which  it  crystallizes  in  rather 
thick  anhydrous  prisms,  whereby  it  is  distinguibhed  from  iuosite,  whish  it  re- 
sembles in  other  respects.    It  is  a  very  stable  substance,  melting  at  2^o^j^^(i°  F-) 
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without  undergoing  decomposition.  Bromine  is  without  action  on  it  at  i6o^ 
(320°  F.))  but  at  180°  (356^  F.)  hydrobromic  acid  is  evolFed  and  a  substitation 
product  is  formed.     It  is  optically  inactive,  and  does  not  ferment  with  yeast. 

Bornetite,  G7H  0,,  is  a  crystalline  substance  very  salable  in  water,  which 
melts  at  1 75°  (347  F.).  It  is  optically  active,  having  the  specific  rotatory  power 
[a]o=  +32°.  It  does  not  redace  an  alkaline  cupric  solution,  bat  acquires  this 
property  on  being  boiled  with  slightly  acidulated  water. 

Damhonite,  Cfi^fi^,  is  also  crystalline  and  easily  soluble  in  water,  bat 
like  bomesite  only  sparingly  in  alcohol;  it  melts  at  190*^  (374*'F.),  andwhen 
cautiously  heated,*  sublimes  at  200^ — 210*  (392° — 410^  F.)  without  deoom- 
pontion  in  long  slender  shining  needles.  It  is  optically  inactive,  and  does 
not  reduce  an  alkaline  cupric  solution ;  dilute  sulphuric  acid  does  not  act  npon 
it.  Damhonite  forms  with  potassic  iodide  a  crystalline  compound  of  the  com- 
position C,H,.0,KI. 

From  their  behaviour  with  hydriodic  acid,  bomesite  and  damhonite  must  be 
regarded  respectively  as  the  mono-  and  dimethyl  derivatives  of  dambose ;  at 
present,  however,  there  is  no  evidence  to  show  what  is  the  natare  of  dambose,  and 
even  its  molecular  formula  is  not  yet  established. 

(1551)  Hexoxydiphentl  :  C,H,(OH),.C,H,(OH),.-— This  compound  is 
obtained  by  heating  hydroocerulignone  with  hydrochloric  acid : 

C„H/OH),(OCH^,  +  4HCI  =  C„H,(OH),  +  4CH.CI. 
It  forms  colourless,  glistening,  extremely  thin  plates,  and  is  soluble  in  most 
solvents.  It  dissolves  in  alkalies  forming  a  magnificent  violet-blue  coloured 
solution,  which  is  doubtless  the  result  of  oxidation.  When  distilled  over  heated 
zinc  dust,  it  is  reduced  to  diphenyl,  Cj,H^.  The  hexacetate  Cj,H^(C,H,OJ^, 
formed  from  it  by  the  action  of  acetic  anhydride,  crystallizes  in  prisma,  and 
melts  at  145°  (293^  F.)  (Liebermann,  Ann,  Chem.  PAarm.,  dzix.  241). 

Appendix  to  (1448). — Two  tertiary  heptylic  alcohols  containing  three 
dissimilar  radicles  have  recently  been  obtained,  viz.,  propylethylmethylcarbinolf 
C,H,«C(C,H,)(CHJ.OH,  and  its  isomeride,  isopropylethylmethylcarbinol^ 
C,H^C(C,HJ(CH^.OH:  the  former  by  the  addition,  first,  of  a  molecular  proportion, 
of  zincicmethide  to  a  molecular  proportion  of  butyric  chloride,  C^H^^COOl,  and  then 
of  a  molecular  proportion  of  zincic  ethide,  and  after  some  time  treating  the  product 
with  water ;  and  the  latter  in  a  similar  manner  from  isobutyric  chloride, 
C,H,^.C0C1.  Propylethylmethylcarbinol  boils  at  135°— 138*  (275**— 28o'*-4  F.); 
its  iodide  furnishes  a  heptylene  (P)  C,H,.CHz:C(CHj(C,H  j,  which  boils  at 
90® — 95*  (194** — 203®  F.).  Isopropylethylmethylcarbinol  boils  at  124°-*-!  27* 
(255^-2— 260*^-6  F.);  the  heptylene  (?)  (CH,),Cr=:C(CH,)(C  H.),  from  its  iodide 
boils  at  75*— 80**  (167**— 176^  F.)  (Pawlow,  Deut  chem.  Ges,  JBer,/ix.  131 1). 

Appendix  to  (1522). — By  heating  naphthalene  tetrachloride  (1367), 
C^H^Cl^,  with  30  pte.  of  water  for  some  hours  to  180° — 190®  (356** — 374®  F.), 
it  is  converted  into  the  dihydric  alcohol  Cj^H3Cl,(0H),,  which  crystallizes  in 
large  ill-defined  prisms.  The  diacetate  derived  from  it  melts  at  130°  (266°  F.). 
When  distilled  with  concentrated  hydrochloric  acid  it  furnishes  a  monochloro- 
naphthol,  C,,H,C1.0H,  melting  at  109**  (228°-2  F.)  (Grimaux,  Bull.  Soc 
Chem.  [2],  xviiL  205;  Ck>mpt.  Bend.,  Ixxvi.  575). 

General  Review  of  the  AlcohoU. 

(1552)  The  comparison  of  the  alcohols  of  yarious  series  is  of 
interest  in  many  respects ;  at  present,  however,  on  account  of 
Qux  limited  knowledge  of  all  but  those  derived  irom  the  paraffins 
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and  the  hydrocarbons  of  the  benzene  series,  it  is  attended  witheven 
greater  difficulties  than  that  of  the  hydrocarbons  of  various  series. 

The  displacement  of  hydrogen  in  hydrocarhona  by  the  groap  OH  appears,  in 
all  eaeee,  to  lead  to  the  production  of  leas  volatile  compounds :  for  example, 
ethane  is  gaseous,  eihylic  alcohol  is  a  mobile  liquid  which  boils  at  about  78°  C, 
and  glycol  is  a  syrupy  liquid  boiling  at  197°  C;  again,  propane  is  gaseous, 
propylio  alcohol  is  a  mobile  liquid  and  boils  at  about  97^  C,  propylene  glycol 
is  a  syrupy  liquid  and  boils  at  216°  C,  and  glycerin  which  is  very  viscid  boils 
at  about  280*^  C.  under  the  ordinary  atmospheric  pressure ;  lastly,  benzene  is  a 
mobile  liquid  and  boils  at  81^  C,  whilst  phenol  is  a  crystalline  solid  and 
boils  at  184°  C.  Apparently,  however,  the  diminution  in  volatility  is  not 
directly  proportional  to  the  number  of  hydrozyl  groups  introduced :  those  first 
introduced  usually  having  the  greatest  influence. 

As  in  the  case  of  isologous  hydrocarbons,  the  boiling  points  of  isologona 
alcohols  are  generally  higher  the  less  hydrogen  they  contain,  with  the  exception 
of  propylic  and  allylic  alcohols,  which  have  approximately  the  same  boiling 
point.  The  same  relation  obtains  between  most  of  the  propylic  and  allylic  com- 
pounds corresponding  in  composition ;  the  specific  gravity  of  allylic  alcohol, 
however,  is  considerably  higher  than  that  of  propylic  alcohol. 

The  displaeement  of  hydrogen  in  hydrocarbons  by  the  group  OH  always 
oauses  a  considerable  increase  in  specific  gravity  :  thus,  whereas  normal  tetrane 
has  the  specific  gravity  *6oo,  the  specific  gravity  of  normal  primary  butylic 
alcohol  is  '824,  and  that  of  erythrol  1*59. 

The  lower  monohydric  alcohols  derived  from  the  paraihns  possess  charac- 
teristic odours  and  a  burning  taste,  but  the  polyhydric  alcohols  denved  from 
these  hydrocarbons  are  all  odourless — doubtless  on  account  of  their  volatility  being 
but  slight — and  are  mostly  more  or  less  sweet  to  the  taste.  The  monohydric 
alcohols  derived  from  the  hydrocarbons  of  the  benzene  series  also  possess  charac- 
teristic odours,  which  is  probably  in  a  measure  accouuted  for  by  the  iact  that, 
although  bodies  of  high  boiling  point,  they  are  all  very  volatile;  the  poly- 
hydric,alcohols  derived  from  these  hydrocarbons  are  odourless.  The  alcohols  of 
dijSerent  degrees  of  hydridty  and  of  the  various  isologous  series,  and  even  those 
of  the  same  homologous  series,  appear  to  differ  remarkably  in  their  physiological 
action.  In  the  ease  of  the  alcohols  of  the  ethylic  series,  the  activity  increases 
at  first  with  the  increase  of  molecular  weight,  and  from  experiment  on  dogs, 
Di^jardin,  Beaumetz,  and  Audig^  {Campt.  SejicL,  Ixzxiii.  80)  find  that  the  lethal 
dose  of  propylic  alcohol  is  about  one-half»  of  isoprimary  butylic  alcohol  about  one- 
third,  and  of  fermentation  amylic  alcohol  only  about  one-third  as  great  as  that 
of  ethylic  alcohol.  Methylic  alcohol  is  somewhat  more  active  than  ethylic 
alcohol.  Heptylie  alcohol  (P  normal  primary)  and  octylic  alcohol  (P  from 
oastor-oil),  however,  in  the  pure  state  are  only  about  as  active  as  ethylic  alcohol, 
but  when  diluted  to  ten  times  their  bulk  with  the  latter  alcohol  they  are  fatal  to 
about  the  same  extent  as  butylic  alcohol  Cetylio  alcohol,  which  is  insoluble 
both  in  water  and  alcohol  at  Uie  ordinary  temperature,  is  inert.  Phenol  and  its 
homologues,  which  are  especially  characterized  by  the  readiness  with  which  they 
effect  the  coagulation  of  albumen,  are  much  more  poisonous  than  the  alcohols  of 
the  ethylic  series,  the  effect  of  phenol  on  animals  being  to  cause  great  dilatation 
of  the  blood-vessels,  weak  respiration,  and  lowering  of  temperature.  The  poly- 
hydric alcohols  are  apparently  much  less  active  than  the  monohydric;  few 
observations,  however,  have  been  made  on  this  point. 

The  alcohols,  especially  those  containing  several  hydroxyl  groups,  are  muck 
less  stable  compounds  than  the  corresponding  hydrocarbons,  and  are  rruch  mort 
readily  acted  on  by  reagents  generally. 
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Ethylic  alcobol  and  its  homolognesi  like  the  paraffins,  do  not  form  additive 
compounds  with  chlorine  or  bromine,  whilst  allylic  and  propargylic  alcohols,  like 
the  hydrocarbons  of  the  ethylene  and  acetylene  series,  combine  respectively  with 
two  and  four  atoms  of  bromine,  forming  substitntion  deriTativea  of  the  corre- 
sponding alcohols  of  the  ethylic  series ;  the  phenols  and  alcohols  of  the  benzylie 
series,  however,  and  the  isologons  alcohob  containing  relatively  leea  hydrogen* 
do  not  ander  any  conditions  appear  to  form  additive  compounds  which  are  of 
sufficient  stability  to  permit  of  their  isolation.  There  .is  reason  to  believe,  at 
least  in  some  cases,  that  the  formation  of  substitution  derivatives  of  the  phenols, 
Sui,,  is  preceded  by  that  of  highly  unstable  additive  eompounds ;  at  present,  how- 
ever, there  is  no  evidence  to  show  that  this  is  always  the  case. 

In  their  behaviour  with  nitric  acid,  and  with  sulphuric  acid,  and  also  on 
oxidation,  the  alcohols  bear  considerable  resemblance  to  the  hydrocarbons  from 
which  they  are  derived.  Thus,  the  alcohols  of  various  degrees  of  hydridty 
derived  from  the  paraffinn,  or  which  maybe  regarded  as  formed  from  the  alcohols 
derived  from  the  paraffins  by  the  displacement  of  one  or  more  of  the  hydrogen 
atoms  in  the  hydrocarbon  radicles  of  these  alcohols  by  radicles  such  as  phenyl, 
C^H^,  &C.,  are  either  converted  into  normal  or  basic  ethereal  salts,  or  oxidized,  by 
the  action  of  nitric  acid,  and  yield  acid  ethereal  salts  on  treatment  with  sulphuric 
acid ;  whereas  the  phenols,  naphthols,  orcinols,  &/o.,  frimish  nitro-substitution 
derivatives  when  submitted  to  the  action  of  nitric  acid,  and  sulpho-acids  on 
treatment  with  sulphuric  acid.  It  will  be  remembered  also  that  by  the  action 
of  the  haloid  acids  on  the  alcohols  of  the  former  class,  the  OH  groups  are  more  or 
less  readily  displaced  by  halogens,  the  displacement  seldom  being  perfect,  how- 
ever, in  the  case  of  polyhydric  alcohols ;  the  alcohola  of  the  latter  dass  are 
mostly  unaffected  by  the  haloid  acids.  It  is  possible,  however,  to  displace  the 
OH  group  by  chlorine  or  bromine  in  most,  if  not  all  alcohols,  by  submitting  them 
to  the  action  of  phosphoric  pentachloride  or  pentabromide,  although  on  account  of 
the  occurrence  of  secondary  reaction,  the  isolation  of  the  product  of  the  primary 
reaction  is  often  impossible,  and,  therefore,  a  compound  is  not  always  characterized 
as  an  alcohol  by  its  behaviour  with  phosphoric  pentachloride. 

A  method  of  distinguishing  the  alcohols  generally  from  all  other  compounds 
is  afforded  by  their  behaviour  with  the  acid  anhydrides  or  chlorides,  such  as 
acetic  and  benzoic  anhydrides  and  acetic  and  benzoic  chlorides.  By  the  action 
of  these  compounds  on  the  alcohols,  the  hydrogen  in  the  OH  groups  of  the  latter 
is  more  or  less  readily  displaced  by  acid  radicles,  the  displacement  of  the  whole 
of  the  hydrogen  present  in  this  form  being  readily  effected,  if  a  sufficient  excess 
of  the  reagent  be  employed,  either  on  heating  the  materials  together  under  the 
ordinary  atmospheric  pressure,  or  at  a  comparatively  low  temperature  in  closed 
tubes.  In  order,  however,  in  this  way  to  prove  that  a  compound  is  an  alcohol, 
it  is  necessary  to  introduce  in  place  of  hydrogen  as  many  of  the  acid  radidea  as 
the  compound  contains  oxygen  atoms.  Numerous  instiuices  of  the  formation  of 
ethereal  salts  of  this  kind  by  the  action  of  the  acid  chlorides  or  anhydrides,  have 
been  given  in  the  foregoing  description  of  the  alcohols.  On  account  of  the  for- 
mation of  chlorinated  compounds  when  the  acid  chlorides  are  employed,  the  acid 
anhydrides  are  frequently  to  be  preferred  for  this  purpose. 

The  behaviour  of  the  alcohols  of  various  series  with  alkalies  is  complemen- 
tary to  their  behaviour  with  acids :  those  which  form  ethereal  salts  with  acids, 
such  as  nitric  or  sulphuric  acid,  exhibiting  but  little  tendency  to  form  metallic 
derivatives  stable  in  presence  of  water ;  whereas  the  phenols  and  other  alcohols 
which  do  not  form  ethereal  salts  wiih  these  acids  exhibit  marked  acid  func- 
tions, furnishing  metallic  derivatives  which  are  not  readily,  if  at  all,  decomposed 
by  water.  But  just  as  all  alcohols  exhibit  basic  functions — that  is  to  say,  are 
capable  of  being  converted  into  ethereal  salts  by  the  displacement^f  the  Iwdrogen 
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in  the  OH  group  bj  negative  radicles,  so  al^o  tbey  all  exhibit  acid  functions  and 
are  capable  of  exchanging  hydrogen  for  positive  radicles.  For  example,  although 
ethylic  alcohol  apparently  ia  not  acted  upon  by  an  aqueous  solution  of  an  alkali, 
double  decomposition  occurs  when  sodio  hydrate  is  dissolved  in  it,  a  certain 
amount  of  the  derivative  C^H^.ONa  being  formed ;  and  it  may  be  entirely  con* 
verted  into  this  compound  by  the  action  of  metallic  sodium,  just  as  sodic  hydrate, 
NaOH,  is  converted  into  sodic  oxide,  NaONa,  when  fused  with  sodium.  Phenol, 
on  the  otber  hand,  dissolves  even  in  an  aqueous  solution  of  sodio  hydrate,  and  is 
converted  into  sodium  phenol,  C^H^.ONa,  which  is  fairly  stable  in  presence  of 
water,  whereas  the  compound  "CjHj.ONa  is  immediately  decomposed  by  water. 
The  most  striking  evidence  of  this  is  afforded  by  thermo-chemical  investigation. 
Thus,  according  to  Berthelot  {Compt.  Bend.,  Ixxiii.  663),  there  is  no  appreci- 
able alteration  of  temperature  on  mixing  dilute  solutions  of  ethylic  alcohol  and 
potasaic  hydrate,  which  is  an  indication  that  no  chemical  action  takes  place.  On 
mixing  semi-normal  solutions  of  glycerol  and  of  sodic  hydrate  in  the  proportion 
of  (C,H,0,  +  Aq) :  (NaOH  +  Aq),  only  370  units  of  heat*  are  developed,  and 
about  the  same  amount  of  heat  is  absorbed  on  diluting  the  resulting  mixture 
with  water,  so  that  it  may  be  concluded  that  the  sodium  derivative  formed  in 
the  first  reaction  is  decomposed  by  the  addition  of  water.  From  other  experi- 
ments Berthelot  finds :  i.  That  by  the  action  of  alkalies  on  glycerol  an  amount  of 
beat  is  developed  not  exceeding  in  the  case  of  semi-normal  solutions  about  ^V  of  that 
developed  by  the  action  of  the  acids  on  the  alkalies,  a.  That  the  heat  developed 
increases  with  the  number  of  molecular  proportions  of  glycerol  added  to  one  mole- 
cular proportion  of  sodic  hydrat«,  and  vice  versd,  but  without  being  proportional 
to  the  quantities  added,  either  of  the  one  or  the  other  compound.  3.  That  the 
compound  formed  in  a  concentrated  solution  is  decomposed  on  the  addition  of  a 
sufficient  amount  of  water,  since  the  heat  developed  diminishes  as  the  dilution 
becomes  greater.  The  behaviour  of  mannitol  is  similar :  the  amount  of  heat 
developed  by  the  addition  of  successive  quantities  of  a  semi-normal  solution  of 
sodic  hydrate  to  a  semi-normal  solution  of  mannitol  being  in  one  experiment  as 

follows : 

(C,Hj^O,  +  Aq)    -I-   i(NaOH -I- Aq)  develop  690  uniU 

1-    i(NaOH-l-Aq)       „       370     „ 

+   i(NaOH  +  Aq)       „       150     „ 

On  diluting  the  solution,  slightly  more  heat  was  absorbed  than  had  previously 
been  developed,  proving  the  decomposition  of  the  compound  formed  in  the  more 
concentrated  solution.  In  the  case  of  phenol,  however,  it  waa  found  that  the 
amount  of  heat  developed  was  independent  of  the  quantity  of  water  present, 
phenol  in  this  respect  resembling  the  true  acids,  from  which  it  differs  by  having 
only  about  half  as  great  a  heat  of  neutralization.f  Bat  the  heat  of  neutraliza- 
tion of  trinitrophenol — ^the  so-called  picric  acid — according  to  Berthelot,  is  equal 
to  that  of  the  strongest  uoids ;  it  will  be  remembered  that  it  has  already  been 
pointed  out  that  the  nitrophenols  exhibit  more  pronounced  acid  properties  than 
the  phenols  themselves. 

The  behaviour  of  the  alcohols  of  various  series  is  thus  obviously  analogous 
to  that  of  the  hydroxides  or  hydrates  of  various  elements ;  we  may,  in  fact, 
compare  the  two  great  classes  of  alcohols,  on  the  one  hand,  to  the  hydroxide  of 


*  A  solution  containing  half  a  molecular  proportion  in  grams  of  the  sub- 
stance per  litre  is  termed  a  semi-normal  solution.  A  unit  of  heat  is  the  amount 
of  heat  required  to  raise  the  temperature  of  i  gram  of  water  from  o^  to  i^  0. 

t  On  neutralizing  solutions  of  a  large  number  of  the  stronger  acids  by  a 
solution  of  pota8sic  or  sodic  hydrate,  between  13,000  and  14,000  units  of  heat 
are  developed  for  each  molecular  proportion  in  grams  of  alkali  added.    f^^^^T^ 
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the  positive  element  zinc,  and  on  the  other,  to  the  hydroxide  of  the  negative  ele- 
ment chlorine :  the  hydrogen  in  zincio  hydroxide^  Zn(OH),,  like  that  in 
ethylic  alcohol,  heing  readily  displaced  hy  acid  radicles,  hat  also  hy  positive 
radicles  as  shown  by  the  formation  of  compounds  such  as  Zn(OE), ;  whereas  the 
hydrogen  in  hypochlorons  acid,  HOCl,  although  most  readily  displaced  by  posi- 
tive radicles  may  also  be  displaced  by  negative  radicles,  by  the  group  C,H,0, 
for  example,  as  in  the  salt  chlorine  acetate,  C,H,0.0C1.  It  is  just  as  impossible, 
however,  sbrictly  to  divide  the  alcohols  into  two  classes  according  to  their  be- 
haviour with  alkalies,  as  it  is  to  divide  the  hydroxides  derived  from  the  yarioutf 
elements  into  the  two  classes  of  acids  and  bases. 

All  alcohols  which,  like  phenol,  are  formed  from  hydrocarbons  in  which  it 
may  be  supposed  the  carbon  atoms  are  either  entirely  or  partially  united  in  a 
closed  chain  (p.  392)  by  the  displacement  by  the  group  OH  of  hydrogen  atoms 
attached  to  the  carbon  atoms  which  are  a  part  of  the  closed  chain,  resemble 
phenol  in  their  behaviour  with  alkalies;  those,  on  the  other  hand,  which  are 
formed  by  the  displacement  of  hydrogen  atoms  attached  to  carbon  atoms  which 
are  part  of  an  open  chain  resemble  ethylic  alcohol,  glycerol,  and  mannitol. 
Hence  it  would  appear,  that  all  hydrocarbon  radicles  in  which  the  carbon  atoms  are 
either  wholly  or  partially  united  in  a  closed  chain  are  more  or  less  negative,  whilst 
those  in  which  the  carbon  atoms  form  an  open  chain  are  more  or  less  positive. 

Phenol  has  apparently  more  marked  acid  functions  than  any  other  alcohol, 
for  not  only  do  its  homologues  exhibit  acid  functions  to  a  less  and  less  extent  aa 
they  increase  in  molecular  weight,  but  a  similar  alteration  attends  the  increase  in 
the  number  of  loops  in  the  chain  of  carbon  atoms  (comp.  p.  394)1  the  naphthols, 
for  example,  forming  metallic  derivatives  which  appear  to  be  less  stable  than 
those  of  phenol  In  the  ethylic  series  of  alcohols,  the  basic  character  is  more  and 
more  evident  as  the  series  is  ascended. 

The  behaviour  of  the  alcohols  on  oxidation  has  already  been  discussed*  and 
need  not  be  again  referred  to.  But  attention  may  be  directed  to  the  difieienoe 
in  the  result  obtained  by  the  employment  of  different  oxidizing  agents,  a  sub- 
ject which  has  not  yet  by  any  means  received  the  notioe  which  it  deserves. 
Especially  remarkable  is  the  action  of  agents  such  as  chromic  acid  as  compared 
with  that  of  nitric  acid  ou  the  alcohob  of  the  ethylic  series :  the  former  reagent 
leading  in  the  case  of  ethylic  alcohol  to  the  production  of  aldehyde  and  acetic 
acid,  whereas  this  alcohol  is  converted  by  the  action  of  the  latter  reagent  into 
glycolic  acid,  &c.,  the  CH,  group  being  unaffected  in  the  one  case,  but  having 
its  hydrogen  displaced  by  OH  in  the  other. 

The  formation  of  substitutiou  derivatives  from  the  alcohols  of  yarious  series 
by  the  action  of  chlorine,  <&c.,  is  apparently  subject  to  laws  similar  to  tho^e 
which  obtain  in  the  case  of  the  hydrocarbons.  All  experiments  hitherto  made 
warrant  the  conclusion  that  the  behaviour  of  ethylic  alcohol  with  the  halogens 
(p.  462)  is  typical  of  all  alcohols  in  which  the  OH  groups  are  associated  with  carbon 
atoms  forming  part  of  an  open  chain,  and  derived  from  hydrocarbons  in  which 
the  carbon  atoms  are  either  partially  or  entirely  united  in  this  manner ;  whilst 
the  behaviour  of  phenol  with  the  halogens,  and  indeed  with  reagents  generally, 
appears  to  be  more  or  less  typical  of  all  similarly  constituted  alcohols.  The 
OH  group  in  the  alcohob  has  a  very  great  "controlling*'  influence  on  substitution  : 
this  is  shown  especially  by  the  behaviour  of  phenol,  the  tendency  of  this  com- 
pound (p.  489)  being  always  to  form  either  ortho-  or  para-derivatives,  whereas, 
it  will  be  remembered,  benzene  furnishes  chiefly  meta-di-derivatives  when  sub- 
mitted to  the  action  of  nitric  and  sulphuric  acids ;  the  influence  of  the  OH  in 
phenol  is  therefore  similar  to  that  of  the  halogens  in  the  mono-haloid  derivatives 
of  benzene,  and  is  different  from  that  of  the  group  NO,  in  nitrobenzene  and  of 
the  group  SO,H  in  benzenesulplionic  acid.     The  investigation  of  the  extent  to 
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which  sahstitiiUon  may  be  effected  ander  ordinary  conditions  in  the  homolo^es 
of  phenol  indicates  that  the  influence  which  the  positive  hydrocarbon  radicles, 
or  side  chains,  may  exert  in  opposition  to  that  of  tiie  negative  OH  group  is  de- 
pendent npon  the  relative  "positions"  of  the  latter  and  the  former.  Thus,  in  phenol 
itself,  three  atoms  of  hydrogen  only  are  readily  displaced  under  ordinary  con- 
ditions :  now  thymol  (p.  494)  or  methylpropylphenol,  which,  although  a  di-de- 
rivative  of  phenol,  has  only  one  of  the  side  chains  in  a  position  in  which  substitution 
may  be  effected  in  phenol,  behaves  almost  as  a  mono-derivative  of  the  latter,  yielding 
di-Bubstitution  derivatives  under  ordinary  conditions ;  but  metaxenol  (p.  492)  or 
orthoparadimethylphenol,  in  which  both  the  side  chains  are  in  positions  in  which 
substitution  may  be  effected  in  phenol,  also  readily  furnishes  di-  and  not  mono-sub- 
stitution derivatives  when  submitted  to  the  action  of  bromine  or  of  nitric  acid : 


CH. 


CH. 

ThjmoL  Hetaxtfnol. 

Apparently,  therefore,  the  OH  group  in  thymol  is  only  influenced  by  one  of  the 
side  chains — viz.,  that  in  the  ortho-position,  whilst  the  same  g^up  in  metaxenol 
is  influenced  by  both  the  side  chains. 

The  OH  groups  in  the  diuxybenzenes  appear  to  exert  the  same  influence  as 
in  phenol :  resorcinol,  in  which  one  of  the  hydrogen  atoms  is  in  the  meta-position 
relatively  to  both  groups,  furnishing  tri-substitution  derivatives — tribromoresorcin, 
for  example;  whilst  pyrocatechol,  in  which  the  hydrogen  atoms  are  all  either' in 
the  ortho-position  or  the  para-position  to  one  or  other  of  the  OH  groups,  is 
readily  converted  into  tetrabromopyrocatechol. 

I%e  Carbohydrates, 

(1553)  This  name  is  applied  to  a  class  of  compounds  allied 
to  the  hexhydric  alcohob  mannite  and  dulcite,  consisting  of 
carbon^  oxygen^  and  hydrogen^  the  last  two  elements  being  always 
present  in  the  same  relative  proportions  as  in  water.  Their  composi- 
tion is  expressed  by  the  forraulse  C^^fi^  {^^I'P^ni  ^^s?^n^\v 
and  (C^HjQOg)^,  n  in  the  last  of  these  formulPB  being  always  a 
whole  number^  which  is  probably  never  less  than  three ;  its  value, 
however,  has  not  yet  been  ascertained  with  certainty  for  any  of 
the  carbohydrates.  They  are  physiologically  of  the  greatest  im- 
portance :  only  one  class  of  compounds,  in  fact — the  so-called 
albuminoids — being  of  equal  importance^  for  they  are  the  chief 
constituents  of  all  plants^  and  are  of  constant  occurrence  in  animal 
tissues. 

The  carbohydrates  of  the  composition  C^HijOj  and  C^jHg^Oji 
are  readily  soluble  in  water,  and  more  or  less  sweet  to  the  taste : 


*  The  crosses  indicate  the  **  positions"  in  phenol  in  which  alone  substitution 
u  effected  under  ordinary  conditions. 
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ordinary  sugar  is  a  compound  of  the  latter  formula ;  those  of  the 
composition  (0^11^^05)0  are  mostly  insoluble  in  water,  as  starch 
and  cellulose,  for  example.  The  carbohydrates,  like  most  of  the 
polyhydric  alcohols,  readily  undergo  change  when  heated ;  but  they 
seldom  furnish  well  characterized  products  when  submitted  to 
the  action  of  reagents.  They  are  very  readily  oxidized,  and 
many  of  the  soluble  carbohydrates  have  the  property  of  re- 
ducing an  alkaline  solution  of  a  cupric  salt,  cuprous  oxide  being 
precipitated ;  as  different  carbohydrates  exhibit  different  reducing 
powers,  and  the  amount  of  cuprous  oxide  precipitated  is  constant 
for  a  given  variety,  this  property  is  of  great  service  in  dif- 
ferentiating and  also  in  estimating  the  various  carbohydrates. 
They  are  also  characterized  by  the  power  which  their  solutions 
exhibit  of  causing  the  deviation  of  the  plane  of  polarization  of 
light,  each  carbohydrate  differing  in  the  extent  to  which  it  affects 
polarized  light :  a  property  which  is  equally  of  service  as  affording 
a  means  of  distinguishing  and  of  estimating  soluble  carbohydrates. 
We  shall,  therefore,  before  proceeding  to  the  description  of  the 
individual  carbohydrates,  shortly  describe  the  methods  by  which 
the  cujiric  oxide  reducing  power  and  the  specific  rotatory  power  of 
soluble  carbohydrates  is  determined. 

(1554)  I^etermination  of  the  Oupric  Oxide  deducing  Power  qf  Soluble 
Carbohydrates, — Dextrose  being  the  subetaDoe  of  which  the  reducing  power  was 
fii'Ht  determined,  it  may  be  taken  as  the  standard  to  which  to  refer  all  other 
carbohydrates,  the  cupric  oxide  reducing  power  being  the  amount  of  cupric  oxide 
calculated  as  dextrose,  C^H^,0,,  which  1 00  partH  reduce.  Thus,  the  cupric  oxide  re- 
ducingpower  of  dextrose  being  100,  that  of  maltose  is  65,  and  that  of  milk  sugar  70. 

The  cupric  solution  employed,  which  is  usually  termed  Fehling's  solution,  is 
prepared  by  dissolving  35  grams  of  pure  crystallixed  cupric  sulphate  in  about 
200  oc  of  water,  and  in  another  vessel  173  grams  of  pure  potassic  sodic  tartrate 
— so-called  Bochelle  salt — in  480  oc.  of  a  solution  of  pure  sodic  hydrate  of  sp. 
gr.  1*14  ;  the  first  solution  is  then  added  gradually  to  the  second,  and  the  deep 
blue-coloured  clear  fluid  is  diluted  to  1000  00.  It  must  be  kept  in  a  cool,  dark 
place,  in  well-cloned  bottles,  filled  to  the  top,  as  the  action  of  light,  or  the 
Jibsoiption  of  carbonic  anhydride  would  lead  to  the  separation  of  cuprous  oxide 
Qpon  mere  exposure  to  heat.  Before  using  the  solution,  mix  10  oc.  of  it  with 
400  CO.  of  water,  and  boil  the  mixture  for  some  minutes ;  if  this  produces 
the  least  change,  and  causes  the  separation  of  even  the  smallest  quantity  of 
42uprons  oxide,  the  solution  is  unfit  for  use.  Of  this  solution,  25 — 30  cc.  are 
2>oured  into  a  beaker  of  130 — 140CC.  capadty,  together  with  about  50  cc  of 
boiling  well-boiled  water ;  the  beaker  is  then  placed  in  a  water  bath,  which  is 
kept  boiling,  and  at  the  end  of  five  or  six  minutes,  when  the  dilute  copper 
fiolution  has  acquired  as  nearly  as  possible  the  temperature  of  the  bath,  a  known 
quantity  of  the  solution  to  be  tested  is  added,  and  the  heating  continued  for 
twelve  or  fourteen  minutes.  If  the  blue  colour  completely  disappears  in  the  first 
three  or  four  minutes,  it  can  be  restored  by  adding  quickly  more  copper  solution, 
but  if  two  or  three  additions  be  necessary  to  insure  an  excess,  the  experiment 
must  be  sacrificed,  and  a  fresh  one  made  with  a  smaller  quantity  of  the  carbo- 
hydrate solution.     SatiafiActory  results  cannot  be  obtained  unless  this  precaution 
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be  adopted :  the  n ambers  generally  falling  too  low  with  solutions  of  maltose  or 
the  glucoses,  and  too  high  when  dextrin  is  also  present,  if  the  amount  of  cuprio 
solution  employed  be  not  from  the  first  in  excess.  After  thirteen  to  fourteen 
minutes'  heating,  the  precipitated  cuprous  oxide  is  rapidly  filtered  out,  washed 
with  boiling,  well-boiled  water,  dried,  and  ignited  in  the  usual  way ;  strong 
ignition  in  an  open  porcelain  crucible  for  five  or  six  minutes  completely  converts 
the  cuprous  into  cupric  oxide,  and  treatment  with  nitric  acid  is  im  necessary. 

The  time  of  heating  abore  mentioned  gives  the  true  reduction  for  dextrose 
and  maltose,  and  the  quantity  of  cuprous  oxide  precipitated  remains  constant, 
even  if  the  heating  be  continued  for  twenty  minutes ;  but  if  the  solution  in  ad- 
dition oontains  dextrin,  the  reduction  becomes  greater,  owing  doubtless  to  the 
slow  conversion  of  the  dextrin  into  substances  capable  of  acting  upon  the  cuprie 
solution  (O'Sullivan,  Joum.  Ghem.  8oc.,  1876,  ii.  130). 

The  cupric  oxide  reducing  power  is  often  determined  volumetrically,  the 
Fehling's  solution  being  made  with  34*639  grams  crystallized  cupric  sulphate 
per  litre,  so  that  10  co.  correspond  to  '05  grams  of  dextrose:  10  oe.  of  the 
cupric  solution  and  40  co.  of  water  are  heated  in  a  water  bath  kept  boiling,  and 
the  highly  dilute  solution  of  the  carbohydrate  is  added  in  small  quantities  from 
a  burette,  until  the  bluish-green  colour  of  the  solution  entirely  disappears.  Although 
concordant  results  may,  with  great  care,  be  obtained  by  this  process,  the  gravi- 
metrical  method  is  far  more  reliable,  and  involves  very  little  more  trouble  in  its 
execution. 

(^555)  I)eterminaiion  of  the  Specific  Botatory  Power  of  Optically  Active 
SubtttMces, — The  phenomena  of  polarization  have  been  discussed  in  the  first 
volume  of  this  work  (117 — 126).  It  has  there  been  pointed  out  that  if  a 
polarized  ray  be  transmitted  through  a  plate  of  quartz  cut  at  right  angles  to 
the  optic  axis  of  the  crystal,  the  plane  of  polarization  undergoes  rotation  in  a 
degree  proportional  to  the  thiolmess  of  the  plate,  certain  crystals  of  quartz 
producing  righi-handed,  and  certain  others  left-handed  rotation.  Many  liquids, 
such  as  the  terpenes,  amylic  alcohol,  and  solutions  of  cane  sugar  and  other  carbo- 
hydrates, of  tartaric  acid,  and  of  a  number  of  the  alkaloids  also  exhibit  this  property, 
although  to  a  much  less  marked  extent  than  quartz.  The  manner  of  detcar- 
mining  the  degree  of  rotation  produced  by  an  optically  active  substance  is  as 
follows.  Suppose  a  beam  of  monochromatic  light,  such  as  that  given  by  a 
Bunsen  flame  in  which  a  bead  of  sodic  chloride  or  carbonate  is  heated,  to  pass 
through  a  pair  of  Niool's  prisms,  one  of  which  serves  as  polarizer,  the  other  aa 
analyser,  and  that  the  analyser  is  turned  at  right  angles  to  the  polarizer  so  that 
no  light  can  pass  through  the  latter :  on  interposing  between  them  a  plate  of 
quartz,  cat  as  above  described,  the  field  will  become  illuminated  with  yellow 
light,  and  it  will  be  necessary  to  turn  the  analyser  through  a  certain  angle,  ettber 
to  the  left  or  to  the  right,  according  as  the  quartz  is  out  from  a  right  or  left- 
handed  crystal,  to  render  the  field  dark  again ;  or,  what  is  the  same  thing, 
instead  of  rotating  the  analyser,  the  polarizer  may  be  turned  in  the  opposite 
direction.  When  ordinary  white  light  is  employed,  the  field  never  becomes 
dark,  but  assumes  different  tints  as  the  analyser  is  rotated.  The  plate  of 
quartz,  in  fact,  causes  the  plane  of  vibration  of  the  polarized  ray  to  ba 
deflected  through  an  angle  equal  to  that  through  which  the  analyser  has 
been  moved,  but  in  the  opposite  direction :  the  quartz  twisting  the  polarized 
ray  in  one  direction,  so  to  speak,  and  the  analyser  twisting  it  back 
again.  It  has  been  found,  moreover,  that  the  degree  of  rotation  is  directly 
proportional  to  the  thickness  of  the  plate;  hence,  if  we  know  the  amount  of 
deviation  produced  by  a  given  thickness  of  quartz,  say  a  plate  one  millimetre 
thick,  we  can  make  it  the  standard  of  comparison  for  the  deviation  produced  by 
other  substances.     If,  instead  of  the  sodium  flame,  any  other  kind  Qf>ho]UO| 
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neons  light,  red,  green,  or  violet,  be  employed,  similar  resnlts  are  obtained,  but 
the  angle  of  rotation  varies,  being  least  for  red  and  greatest  for  violet  light,  as 
shown  in  the  following  table,  which  gives  the  deviation  for  a  plate  of  qoartz  one 
millimetre  in  thickness,  as  determined  hj  Biot : 

DerlatioiiofBay. 

Extreme  red  

Bed  glass  (oxide  of  copper) 
Limit  of  red  and  orange 
Limit  of  orange  and  yellow 

Mean  yellow  

Limit  of  yellow  and  green  ... 
„     of  green  and  blue 
„     of  blue  and  indigo     ... 

„     of  indigo  and  violet 

Extreme  violet* 

All  the  instruments  employed  for  determining  the  rotatory  polarization 
ofliquids  consist  essentially  either  of  two  Nicol's  prisms,  or  of  two  double-refract- 
ing prisms,  one  of  which  serves  as  polarizer,  and  the  other  as  analyser,  between 
which  a  tube  of  known  length — usually  200  mm. — is  placed,  containing  the 

liquid    under  examination;    but 
^^^'  as   it   is  difficult  with  a  simple 

apparatus  of  this  kind  to  deter- 
mine when  the  light  completely 
disappears,  or  when  a  particular 
tint  appears,  on  rotating  the  ana- 
lyser or  polarizer,  various  devices 
are  adopted  to  render  the  in- 
strument more  sensitive. 

In  Soleils  apparatus,  one  of 
the  forms  of  which  is  represented 
Pl....i.H^^w,4iiCa   ^"  %  S9^> »  biquartz  or  double 
' — —  plate,  gd,  one-half  consisting  of 

right-handed,  and  the  other  of  left- 
handed  quartz,  375  mm.  thick, 
is  placed  behind  itie  polarizer  c 
at  p.  Quartz  of  this  thickness 
produces  at  a  certain  position 
-^^'---■'"li^r  r::;":^-:::,'       -^—  of  the  analyser,  a  peculiar  pale 

rose- violet  tint  called  the  sensi* 
iive  or  trannHon  tint  from  the  rapidity  with  which  it  changes  to  rose  or  violet 
on  moving  the  analyser ;  but  the  change  of  colour  takes  place  in  the  opposite 
order  in  the  two  halves  of  the  plate,  so  that  although  the  whole  field  will 


*  Broch  gives  the  following  number  for  the  rotation  produced  by  i  mm.  of  quartz 
on  light  of  the  refrangibility  of  some  of  the  chief  lines  in  the  solar  spectrum : 


B 


C  D  E  F  G 

15*    18'  17'    15'  21**  40'  2f    28'  32**   30'  42''    12' 

De  Luynes  and  Girard  {Compt.  Bend.,  Ixxx.  1354)  have  recently  determined 
with  great  care  the  deviation  produced  by  a  plate  i  mm.  in  thickness,  using  a 
gas  flame  tinged  by  sodic  chloride,  the  light  from  which  is  almost  of  the  same 
refrangibility  fk»  the  D  line;  they  find  21"  48',  the  possible  eiTor  being  at  mostj 
four  minutes. 
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appear  uniformly  coloured  when  the  polarizer  and  the  analyser  aie  set  with 
thefr  principal  sections  parallel,  the  slightest  rotation  of  the  latter^  or  the 
introdaetion  of  an  optically  actire  sahstance  between  them,  will  cause 
one-half  of  the  field  to  assume  a  redder,  and  the  other  a  bluer  shade  than  before. 
In  this  apparatus,  however,  in  place  of  measuring  the  angle  of  rotation 
of  the  polarizer  or  analyser,  the  thickness  of  a  plate  of  quartz  required  to  neutralize 
the  rotatory  poUurizatiou  of  the  liquid  is  estimated ;  but  as  the  substance  may  be 
either  dextrogyrate  or  hevogj-rate,  it  is  necessary  to  provide  for  the  determina- 
tion in  both  directions.  This  is  done  by  inserting  a  plate  of  quartz  of  arbitrary 
thickness,  q,  cut  from  a  right-handed  crystal,  between  the  analyser  and  the  liquid 
to  be  examined,  and  immediately  in  front  of  this  a  compensator,  r,  a  horizontal 
section  of  which  is  shown  at  RR',  consisting  of  two  wedge-shaped  pieces  of 
quartz  of  contrary  rotation  to  the  plate  q,  but  like  it  cut  perpendicular  to  the 
axis  of  the  crystal ;  these  wedges  can  be  moved  one  over  the  other  by  a  toothed 
pinion  fixed  to  the  button  b,  acting  on  two  racks  adapted  to  the  lower  part  of 
the  mountings  of  the  wedges,  and  are  thus  equivalent  to  a  single  plate  whose 
thickness  may  be  varied  at  pleasure.  An  ivory  scale,  e,  represented  separately 
at  E,  is  attached  to  the  mpunting  of  one  of  the  wedges,  and  a  vernier  to  the 
other,  the  latter  serving  to  measure  the  opposite  displacements  of  the  two  wedges. 
When  the  zeros  of  the  scale  and  vernier  coincide,  the  two  wedges  are  opposite 
to  one  another,  and  their  thicknesses  are  together  equal  to  that  of  the  plate  q, 
the  rotatory  power  of  which  is  therefore  neutralized  by  them. 

The  liquid  to  be  examined  is  contained  in  the  tube  T,  placed  between  two  per- 
forated diaphragms  DD',  one  of  which,  D,  is  fixed,  while  the  other,  D',  can  be  re- 
moved at  pleasure  to  a  greater  distance  from  D  by  a  spring  shown  in  section  at  p. 

Before  uning  the  instrument  for  an  observation,  the  tube  T  is  filled  with 
water,  and  the  wedges  are  set  so  that  the  zeros  of  the  scale  and  vernier  coincide, 
and  the  analyser  a  is  then  turned  by  means  of  the  endless  screw,  v,  into  such  a 
position  that  on  looking  through  the  small  telescope  L,  the  two  halvee  of  the 
double  plate  ^d  appear  uniformly  coloured ;  or  an  uniformly  coloured  field  is 
produced  by  adjusting  the  wedges,  and  the  zeros  of  the  scale  and  vernier  are  made 
to  coincide  by  moving  a  screw  connected  with  the  former.  If  the  tube  T  be  now 
filled  with  the  liquid  to  be  examined,  on  placing  it  between  the  diaphragms  DIV, 
the  two  halvee,  ff  and  d,  of  the  double  plate  will  be  found  to  exhibit  very  different 
colours ;  and  to  restore  them  to  equality  the  compensator  r  muAt  be  so  adjusted 
as  to  produce,  together  with  the  plate  q,  a  rotation  opposite  to  that  of  the  liquid. 
The  direction  in  which  the  vernier  is  moved  along  the  scale  indicates  the  direc- 
tion of  the  rotation  exercised  by  the  liquid,  and  the  displacement  of  the  vernier 
gives  the  thickness  of  quartz  required  to  neutralize  this  rotation  when  the  thick- 
ness of  quartz  corresponding  to  one  division  of  the  scale  is  known.  In  the 
Soleil-Duboscq  instrument,  the  scale  is  so  graduated  that  lOO  divisions  corre- 
spond to  I  mm.  of  quartz,  and  the  vernier  is  merely  provided  with  a  single 
mark,  so  that  the  thickness  of  the  compensator  required  to  neutralize  the 
solution  may  be  ascertained  to  the  looth  of  a  millimetre. 

Either  ordinary  daylight  or  the  light  from  an  argand  lamp  is  employed. 
When  either  the  light  or  the  liquid  in  the  tube  is  coloured,  this  colour,  added 
to  that  produced  by  the  polarization^  modifies  the  sensitive  tint  and  diminiithcs 
the  accuracy  of  the  observation.  To  neutralize  this  colour,  in  some  instrument:*, 
a  double-refracting  prism,  n,  and  a  quartz  plate«  i,  fixed  in  a  socket  which  can 
be  turned  round  in  its  own  plane  by  means  of  a  toothed  wheel  or  pinion,  t,  and 
the  button  B  are  placed  at  £ ;  but  in  others  at  L.  The  plate  i  yields  a  colour 
which  may  be  varied  by  turning  the  prism  n,  so  that  a  position  of  this  prism 
may  be  found  which  gives  a  tint  capable  of  sensibly  neutralizing  that  of  the 
liquid  or  light  employed. 
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Soleil's  apparatus  is  especially  adapted  to  saochaiine  solations,  \rhich,  as  Biot 
has  shown,  disperse  light  according  to  the  same  law  as  quartz,  the  angles  of  rota- 
tion for  the  different  simple  colours  heing  approximately  proportional  to  the  squares 
of  the  indices  of  refraction,  or  inversely  as  the  squares  of  the  wave  lengths  ;  hence 
it  is  usually  called  a  sacehanrometer.  But  it  does  not  give  good  results  with 
liquids  such  as  a  solution  of  tartaric  acid,  for  example,  whose  rotatory  power 
does  not  follow  Biofv  law  ;  for  determining  the  rotatory  power  of  such  liquids 
the  observation  must  be  made  with  monochromatic  light,  such  as  that  of  a 
Bunsen  or  spirit  flame  tinged  yeUow  with  sodic  chloride  or  sodic  carbonate.* 
The  instruments  most  frequently  employed  for  this  purpose  are  Wild's  polaris- 
trobometer,  and  the  Jellett-Comu  polarimeter,  in  both  of  which  the  angle  is 
directly  observed  through  which  it  is  necessary  to  turn  the  polarizer  or  analyser 
so  as  to  neutralize  the  polarization  produced  by  a  column  of  the  liquid  or  solu- 
tion under  examination  contained  in  a  tube  of  known  length. 

In  Wild's  polaristrobometer  a  Savart  double  plate  of  quartz  is  placed  be- 
hind the  analyser,  and  between  it  and  the  tube  containing  the  liquid;  on 
rotating  the  polarizer,  at  certain  positions  the  field  appears  perfectly  bright,  but 
at  others  is  crossed  by  a  number  of  dark  striie  which  are  more  or  less  marked 
according  to  the  relative  positions  of  the  polarizer  and  analyser.  The  instru- 
ment 18  so  adjusted  that  the  zero  point  is  indicated  by  the  disappearance  of  these 
striae.  Supposing  the  field  to  be  perfectly  bright,  on  introducing  the  tube  con- 
taining the  rotating  liquid,  the  strisB  at  once  become  visible,  and  in  order  to  cause 
them  to  disappear  the  polarizer  must  be  turned  through  a  certain  angle  either  to 
the  right  or  to  the  left :  this  angle  is  directly  observed  by  means  of  a  divided 
circle  attached  to  the  polarizer.  The  polarimeter  constructed  by  Hofiooann  of 
Paris  is  a  similar  instrument. 

The  Jellett-Gomu  polarimeter  consists  simply  of  two  Nicol's  prisms,  the 
analyser  being  one  of  ordinary  construction,  but  the  polarizer  a  double  prism  of 
pecdiar  construction.  At  a  certain  position  of  the  analyser  the  two  halves  of 
the  field  appear  equally  illuminated,  and  this  position,  which  may  be  determined 
with  great  precision,  is  the  zero  point  of  the  instrument ;  the  angular  devia- 
tion  is  read  off  on  a  divided  cirde  attached  to  the  analyser  (Bull,  8oe.  Ckim., 
1870,  xiv.,  141). 

Specific  Botaiary  Power. — The  specific  rotatory  power  of  an  optically  ac- 
tive body  is  the  angle  through  which  the  plane  of  polarization  of  a  given  ray  is 
rotated  by  passing  through  a  layer  one  decimetre  in  length  of  a  liquid  containing 
one  gram  of  active  substance  in  one  cc. ;  therefore  it  is  calculated  by  the  formula : 

[o]    = 


100 

where  a  is  the  observed  angle  of  deviation  in  degrees  and  decimals  of  a  degree, 
I,  the  length  of  the  column  of  liquid  in  decimetres,  and 
e,  the  concentration,  ije,,  the  number  of  g^rams  of  active  substance    in 
100  cc.  of  solution. 
For  example,  a  solution  of  cane  sugar  containing  10  grams  in  100  co.  produces 
a  deviation  of  16^*32  in  a  tube  220  mm.  long,  t^e  observation  being  made  for  the 
transition  tint  with  a  Soleil-Duboscq  saccharometer ;  therefore : 

[„1  =  _L6!l3fL  =  £6!:3£  =  y^o  „.. 

2*2  X  '10  '22 


*  A  bead  of  sodic  chloride  produces  a  much  brighter  light  than  one  of  the 
carbonate. 
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But  if  the  concentration  is  meaimred  by  the  number  of  gramB  f  in 
loo  grams  of  solution,  we  have  c  =  d.p,  where  d  is  the  sp.  gr.  of  the  pure, 
active  substance,  or  of  its  solution.  For  instance,  a  solution  of  dextrose  of 
the  specific  gravity  1*0359  at  ry^'S  (63*^*5  P.)  containing  9*3712  grams 
dextrose  in  100  grams  produces  a  deviation  of  1 0^*25  in  a  tube  200  mm.  long, 
the  observation  being  made  at  20°  (68^  F.)  with  the  Wild  polaristrobometer, 
naing  sodium  light ;  hence  : 

•  p  T  io**'25  io'''25         .  6  . 

a  X  1-0359  X -0937x2         '19416 

When  the  observation  is  made  for  the  transition  tint,  the  specific  rotatory 
power  is  indicated  by  the  sign  [a]^,  and  when  it  is  made  ¥rith  the  sodium  flame 
by  the  sign  [a]^ ;  the  signs  O)  and  a]>  are  respectively  often  employed  to  indi- 
cate the  corresponding  observed  angular  deviations. 

When  the  determinations  are  made  with  any  of  the  forms  of  the  Soleil 
apparatus,  the  scale  readings  must  be  converted  into  degrees  before  the  cal- 
culation can  be  made  in  the  above  manner.  We  have  seen  that  in  the  case 
of  the  Soleil- Duboscq  polarimeter  the  observation  consists  in  determining  the 
number  of  looths  of  a  millimetre  of  quartz  required  to  compensate  the  rotation 
produced  by  the  liquid  under  examination,  100  divisions  of  the  scale  correspond- 
ing to  the  rotation  produced  by  i  mm.  of  quartz ;  i  mm.  of  quartz,  however, 
produces  a  rotation  of  24^  of  the  mean  yellow ;  consequently  the  looth  of  a 
millimetre  of  quartz  corresponds  to  0^*24,  and  it  is  merely  necessary  to 
multiply  the  scale  reading  by  this  number  in  order  to  obtain  the  number  of  de- 
grees. For  example,  a  solution  containing  10  grams  of  cane  sugar  in  100  cc. 
requires  for  compensation  68  scale  divisions  or  68  hundredths  of  a  millimetre 
of  quartz,  and  hence  produces  a  deviation  of  68  x  -24  or  16*32  degrees.  The 
Hcale  of  the  Soleil-Ventzke  saccharometer,  an  instrument  much  used  in  Germany, 
is  somewhat  less  open,  a  solution  of  16*19  grams  cane  sugar  in  100  co.  causing 
a  displacement  of  100  divisions  of  the  Soleil-Duboscq  scale,  but  a  solution  of  the 
sp.  gr.  I 'I  at  I7°'5  (63^-5  F.)  containing  26*048  grams  of  cane  sugar  in  100 
cc.  being  required  to  produce  an  equal  displacement  of  the  Soleil-Yentzke  scale 
(Landolt,  ZeiU.  anal.  Chetn,,  vii  6).  From  this  we  may  calculate  that  one 
division  of  the  Soleil-Ventzke  scale  is  equal  to  ^'°^  or  i'6o8  divisions  of  the 
Soleil-Duboscq  scale,  and  vice  vers  A,  that  one  division  of  the  latter  is  equal  to  —^ 
or  '621  of  a  division  of  the  former;  and,  therefore,  since  one  division  of  the 
Soleil-Duboscq  scale  is  equal  to  0*^*24,  a  division  of  the  Soleil-Yentzke  (or 
Soleil-Ventzke-Scheibler)  scale  is  equal  to  o***24  x  i-6o8  or  o''-3859. 

The  scale  readings  of  the  Soleil  apparatus  may  be  directly  converted  into 
degrees  of  rotation  for  sodium  light  in  the  following  manner.  100  divisions 
of  the  scale  of  the  Soleil-Duboscq  saccharometer  correspond  to  the  deviation 
of  24^  produced  by  a  plate  of  quartz  i  mm.  thick,  but  in  any  of  the  forms 
of  polarimeter  with  which  sodium  light  is  employed  a  plate  of  this  thick- 
ness causes  a  deviation  of  21°  48'  =  2i°*8o  (footnote,  p.  570);  hence  the 
rotation  in  sodium  light  corresponding  to  one  division  of  the  Soleil-Duboscq 
scale  is  ^^  =  0^*218.  The  rotation  corresponding  to  one  division  of  the  Soleil- 
Yentzke  scale  is  given  by  the  proportion : 

•24  :  -38    =    -218  :  -345. 

If  the  specific  rotatory  power  has  been  observed  and  calculated  for  the  transition 
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tint  and  it  be  desired  to  deduce  from  it  the  specific  rotatory  power  for  sodium, 
light,  or  vice  versd,  we  may  proceed  as  follows : 


Or  more  simply : 


•24 
'218 


•218 
•24 


Wj 


I-IO    =    [a]»  ;    [ai    x     I'lO    =    [a],. 


The  specific  rotatory  power  of  a  pure  liquid  substance  is  a  constant  number 
when  its  density  and  the  angular  deviation  which  it  causes  are  always  deter- 
mined for  the  same  temperature.  If,  however,  solutions  of  such  a  substance 
with  various  inactive  solvents  be  examined,  values  are  obtained  which  differ 
more  or  less  from  that  given  by  the  pure  substance,  according  to  the  nature  of 
the  inactive  solvent  and  the  proportion  in  which  it  is  present,  the  specific 
rotatory  power  of  some  substances  being  increased,  and  that  of  others  diminished 
on  dilution.  The  same  is  true  of  solid  substances  ;  so  that  the  value  obtained 
for  a  given  solution  does  not  represent  the  specific  rotatory  power  of  the  pure 
substance,  but  differs  from  it  to  an  unknown  extent  dependent  upon  the  influence 
which  the  inactive  solvent  exercises.  The  statement  of  the  specific  rotatory 
power  of  a  substance  in  solution  is  therefore  only  of  value  when  tiie  composition 
of  the  solution  is  also  cited.  Moreover,  the  influence  of  a  mixture  of  two  solvents 
is  often  very  different  from  that  of  either  alone,  and  on  this  account  it  is  neces- 
sary to  use  pure  solvents,  or  if  a  mixture  be  employed,  such  as  aqueous  alcohol, 
accurately  to  ascertain  its  composition ;  the  following  table  exhibits  the  alteration 
in  the  specific  rotatory  power  of  cinchonine  according  as  it  is  dissolved  in  alcohd 
or  chloroform,  or  a  mixture  of  the  two  in  various  pcoportions  (Oudemanns, 
Ann,  Chem,  Pharm,,  clxvi.  70) : 


Cknnpodtioii  of  the  Solatum. 

[«3d 

I 

lOOOO 

CHCl, 

+ 

O'OO 

C.H.0 

+ 

212*0 

2 

9966 

M 

+ 

034 

>» 

+ 

2i6*-3 

3 

9874 

9» 

+ 

1-26 

M 

+ 

226**'4 

4 

94-48 

M 

+ 

5-52 

91 

+ 

236^-6 

5 

86-95 

M 

+ 

1305 

»> 

+ 

237'o 

6 

82-26 

f» 

+ 

1774 

9> 

4- 

234^7 

7 

65-00 

99 

+ 

3500 

»> 

+ 

229^-S 

8 

4429 

9f 

+ 

5571 

>» 

+ 

226*^6 

9 

27-54 

>9 

,+ 

72-46 

99 

+ 

227**-6 

10 

1702 

M 

+ 

8298 

»» 

+ 

227^-8 

II 

o-oo 

99 

+ 

loo-oo 

W 

+ 

228"o 

The  specific  rotatory  power  of  many  substances  is  also  influenced  by  tem- 
perature, being  in  some  cases  diminished,  and  in  others  increased.  For  example, 
at  about  20**  C.  a  rise  of  i*  C.  reduces  the  angular  deviation  produced  by  a 
column  I  decimetre  long  of  nicotine  0^05,  of  orange  peel  oil  0*^-19,  and  of  an 
aqueous  solution  of  invert  sugar  containing  17  grams  in  100  cc  by  o^'ii ;  on 
the  other  hand,  the  angular  deviation  is  increased  in  the  case  of  an  aqueous 
solution  of  tartaric  acid  by  a  rise  of  temperature.  It  is  therefore  of  importance 
always  to  take  note  of  the  temperature  at  which  the  angular  deviation  produced 
by  a  given  liquid  or  solution  is  determined,  and  for  accurate  determinations  it  is 
desirable  to  surround  the  tube  of  the  polarimeter  with  an  outer  casing,  and  to 
allow  water  of  known  temperature  to  circulate  in  the  space  between«<^  i 
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Inasmuch  as  the  specific  rotatory  powers  of  various  substances  can  only  be 
properly  coixS pared  together  when  the  valaes  which  appertain  to  them  in  the 
pure  state  are  known,  and  as  the  specific  rotatory  powers  of  solid  bodies  cannot 
aA  a  rnle  be  directly  determined  for  the  pure  substances,  but  only  for  their  solu- 
tions, it  is  of  importance  to  be  able  to  deduce  the  values  for  the  former  from 
observations  made  with  solutions.  Biot  has  shown  that  if  the  specific  rotatory 
powers  of  a  number  of  mixtures  of  an  optically  active  liquid  substance  with 
an  inactive  chemically  indifferent  solvent  are  determined,  and  the  variations 
represented  graphically,  the  percentages  by  weight  of  the  inactive  solvent  {q) 
being  taken  as  absoisss,  and  the  corresponding  values  for  [a]  as  ordinates,  in 
some  cases  the  increase  or  diminution  in  specific  rotatory  power  is  represented 
by  a  straight  line,  being  proportional  to  the  dilution,  and  may  therefore  be 
expressed  by  the  linear  equation : 

I.  [a]   =  A    +    Bgr, 

A  and  B  being  constants  deduced  from  the  observations.  In  other  cases  a 
curve  is  obtained,  which  is  usually  a  portion  eitlier  of  a  parabola  or  of  an  hyperbola, 
and  the  relation  of  the  specific  rotatory  power  to  ^  is  represented  by  an  cxpres* 
sion  of  the  form  : 

n.  [a]   r-   A    +    Bj    +    Cg«   +    •  .  • 

or  an  equation  having  a  greater  number  of  constants. 

With  liquid  bodies,  commencing  with  the  pure  substance,  the  variation  in 
specific  rotatory  power  due  to  the  influence  of  the  solvent  may  be  determined  for 
all  degrees  of  dilution,  and  the  entire  curve  constructed  from  ^  =  o  almost  to 
q  =  lOO.  In  this  case  the  specific  rotatory  power  of  the  pure  substance  is  put 
in  place  of  A  in  the  above  formuLe,  and  the  values  calculated  for  B,  or  for  B 
and  G,  then  represent  the  increase  or  diminution  of  A  due  to  i  per  cent,  of  the 
solvent.  If  ^  =  o  then  [a]  =  A :  in  other  words,  we  have  the  specific  rotatory 
power  of  the  pure  substance;  but  if  ^=  loo,  a  number  is  obtained  which  ex- 
presses the  specific  rotatory  power  of  the  substance  when  diluted  to  an  indefinite 
extent :  that  is  to  say,  the  maximum  deviation  of  [a].  But  in  the  case  of  solids  the 
value  of  A  cannot  be  directly  observed,  and  the  extent  to  which  the  curve  can  be 
plotted  is  dependent  upon  the  solubility  of  the  substance.  The  constants  of  the 
formulse  I.  and  IL  deduced  from  the  observations  are  strictly  available  only  for 
interpolation  between  the  limits  of  concentration  of  the  solutions  actually  employ  ed, 
although  if  the  variation  in  specific  rotatory  power  is  expressed  by  a  straight  line, 
that  is  to  say,  by  the  formula  [a]  =  A  +  B^,  the  value  of  A  may  be  determined  by 
extrapolation.  Obviously,  however,  if  the  variation  be  represented  by  a  curve,  the 
value  deduced  for  A  in  the  formula  [a]  =  A  +  B^  +  C^  will  approximate  less  closely 
to  the  true  value  for  the  specific  rotatory  power  of  the  pure  substance  the  shorter 
the  length  of  the  curve  which  can  be  ascertained  by  experiment  The  determina- 
tion of  the  true  specific  rotatory  power  of  a  solid  substance  is  therefore  dependent  on 
its  solubility,  and  may  at  once  be  looked  upon  as  hopeless  if  only  dilute  solutions  can 
be  prepared,  and  it  is  found  that  the  increase  or  diminution  in  the  value  of  [a]  is 
not  proportional  to  q.  From  this  also  it  follows  that  the  solvent  employed 
should  be  that  which  is  capable  of  dissolving  the  greatest  quantify  of  the  sub- 
stance of  which  it  is  sought  to  determine  the  true  specific  rotatory  power. 

Landolt  (Deut.  chem,  Oes.  Ber.,  ix.  901)  concludes  from  his  experiments 
that  the  degree  of  certainty  with  which  the  true  specific  rotatory  power  of  a 
substance  can  be  determined  from  that  of  its  solutions  is  different  for  every 
substance,  being  dependent  on  the  following  circumstances:  i.  On  the  degree  of 
variation  which  the  rotatory  power  of  the  substance  undergoes  under  the  influence 
of  the  solvent ;  2.  On  the  manner  in  which  the  variation  is  affected  by  an  increase 
of  the  solvent,  t.e.,  whether  the  variation  is  expressed  by  a  straight  Hue  or  a  line 
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more  or  less  curved ;  3.  On  the  concentration  of  the  solution.  In  those  cases  in 
which  the  linear  equation  [a]  =  A  +  B^  is  available  for  the  calculation  of  A,  the 
value  deduced  practically  coincides  with  that  observed  for  the  pure  substance,  if 
the  most  concentrated  solutions  employed  contain  not  less  than  about  50  per  cent, 
of  the  active  body :  but  if  the  variation  be  such  that  it  is  expressed  by  the  parar 
bolio  equation  [a]  =  A  +  'Bq  +  Cq",  differences  of  more  than  i^  occur  if  solutions 
containing  less  than  about  80  per  cent,  of  active  substance  are  employed. 

In  the  following  table  given  by  Landolt,  the  specific  rotatory  power  of  a 
number  of  substances  deduced  directly  from  observations  with  the  substances 
themselves,  and  indirectly  from  their  solutions  are  given ;  the  limiting  values  for 
^  =  o  and  7  =  100  are  stated,  and  it  will  be  noticed  how  great  in  many  instances 
is  the  variation  of  specific  rotatory  power  due  to  the  influence  exercised  by  the 
inactive  solvent: 


For  the  Paie 

Substance. 

?=o 

Call) 

ForMaxiniTun 

Dilution. 

9=100 

DUCeme*. 

I.  Lavorotatory  Turpentine  OiL 

Directly  observed                  

Calculated  from  the  alcoholic  solution 

„             „      solution  in  benzene. . . 

„             „               „        acetic  acid 

36^-97 
36^-97 

36°-89 

38°79 
39°79 
4o'-72 

l''-82 
,    2»-82 

3°-83 

II.  Dextrorotatory  Turpentine  OiL 

Directly  observed     

Calculated  from  the  alcoholic  solution 

14"- 1 7 

i5°^5 

i°i8 

III.  Nicotine  (l©vorotatory) 

Directly  observed 

Calculated  from  the  alcoholic  solution 
„             „           aqueous        „ 

i6i^-55 
i6o°-83 
i6i°'24 

i38°S9 
74''-i3 

22''-24 

87''i6 

rV.  JSthylic  tartrcUe  (dextrorotatory). 

Directly  observed 

Calculated  from  the  alcoholic  solution 
„     „     solution  in  methylio  alcohol 
„     „     aqueous  solution 

8;-3i 

8^-27 
8^-42 
8^-09 

io°-i9 
ii''i9 
28°- 1 2 

i~92 
2o''-o3 

The  substances  included  in  this  table  are  all  liquids,  but  the  same  method  is 
doubtless  applicable  to  the  determination  of  the  specific  rotatory  powers  of  solids, 
as  Biot  has  shown  that  the  values  deduced  for  cane  sugar  and  tartaric  acid  from 
observations  with  their  solutions  agree  with  those  obt^'ned  for  the  solids  them- 
selves. 

The  manner  in  .which  the  quantity  of  an  optically  active  substance  present 
in  a  given  solution  may  be  estimated  by  the  observation  of  its  rotatory  power 
will  be  described  later  on  under  dextrose,  cane  sugar,  and  starch. 

We  shall  have  occasion  to  refer  to  certain  speculations  as  to  the  connexion 
between  optical  activity  and  constitution  when  discussing  the  constitution  of  the 
carbohydrates. 

From  the  following  description  of  the  carbohydrates  it  will  be  evident  that  the 
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correct  determination  of  their  specific  rotatory  power  is  of  fundamental  impor- 
tance ;  and  in  ooDduding  this  account  of  the  methods  in  use,  we  may  direct 
attention  to  the  necessity  of  extending  the  ohaervations  to  solutions  of  various 
degrees  of  concentration,  so  as  to  enahle  the  trtie  specific  rotatory  power  to  he 
calculated.  For  most  of  the  carhohydrates  we  are  at  present  only  acquainted  with 
what  may  he  termed  the  apparent  specific  rotatory  power,  i,e.,  the  specific 
rotatory  power  which  they  exhibit  in  solution,  and  with  scarcely  an  exception 
the  concentration  of  the  solutions  examined  has  varied  within  very  narrow  limits ; 
in  fact,  the  influence  of  all  the  various  factors  which  affect  the  rotatory 
power,  Buch  as  temperature,  concentration,  and  nature  of  the  solvent,  has  not 
been  ascertained  for  a  single  optically  active  substance.  As  we  have  already 
observed,  the  composition  of  the  solution  from  which  the  apparent  specific  rota- 
tory power  of  the  body  under  examination  is  deduced  should  always  be  stated, 
and  also  the  temperature  at  which  it  is  prepared,  and  at  which  the  rotatory 
power  is  observed ;  moreover,  in  order  to  enable  others  to  judge  of  the  accuracy 
of  the  instrument  employed,  and  of  the  method  of  observing,  each  operator  should 
state  the  value  he  has  found  for  pure  cane  sugar — a  substance  which  may  be 
procured  without  great  difiQculty,  giving  all  the  details  of  his  method  of  operating. 

The  carbohydrates  may  provisionally  be  arranged  in  three 
groups^  according  to  their  composition.  The  first  group  includes 
all  those  represented  by  the  formula  C^Hj^O^,  and  may  be  termed 
the  glucose  group.  The  second,  or  cane  sugar  group^  includes 
those  represented  by  the  formula  Cj^HgjjOij.  The  third,  or 
starch  group,  includes  all  carbohydrates  represented  by  the  formula 
(CflHiQOg)^,  in  which  n  is  always  a  whole  number ;  but  the  mem- 
bers of  this  group  form  several  sub-groups.  We  shall  in  the 
first  place  describe  the  chief  properties  of  the  individual  carbo- 
hydrates, and  afterwards  discuss  their  genetic  relations.  It  will 
often  be  more  convenient,  however,  instead  of  describing  all  the 
members  of  one  group  before  those  of  another,  to  consider  a 
member  of  one  group  in  connexion  with  a  member  of  another 
to  which  it  is  intimately  related. 

I.   Carbohydrates  of  the  Composition  C^Hj^O^  or  Glucoses. 

(1556)  SucRODEXTROsE,  Dextrose  or  Dextroglijcose  ;  Glucose, 
Grape  or  Honey  Sugar  :  C^HjgOg. — ^This  carbohydrate  is  widely 
distributed  throughout  the  vegetable  kingdom,  being  especially 
abundant  in  the  juice  of  ripe  sweet  fruits — the  name  grape 
sugar  being  derived  from  its  occurrence  in  considerable  quantity 
in  ripe  grapes ;  it  is  also  present  in  honey ;  but  in  most  cases  it 
is  accompanied  by  sucrolsevulose,  and  frequently  also  by  cane 
sugar.  It  is  obtained,  together  with  an  equal  quantity  of 
sucrolsevulose,  on  heating  a  solution  of  cane  sugar  with  dilute  acids. 

It  is  most  conveniently  prepared  from  crystallized  honey,  which  w  firat 
spread  out  on  a  porous  plate  of  plaster,  or  pressed  between  folds  of  bibulous 
paper,  to  free  it  as  much  as  possible  from  the  liquid  portion.  The  nearly  solid 
mass  is  then  dissolved  in  alcohol,  a  small  quantity  of  hydrochloric  acid  added, 
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and  the  Bolution  boiled  for  a  short  time  in  order  to  convert  any  cane  sugar  pre- 
sent into  dextrose  and  Isevulose ;  it  is  afterwards  evaporated  to  a  thin  synip  in 
a  flat  dish  at  a  gentle  heat.  The  crystals  which  separate  sooner  or  later  from 
the  syrup  are  washed  with  dilate  alcohol,  pressed,  then  tritnrated  with  strong 
alcohol,  and  afterwards  washed  on  a  filter  with  strong  alcohol  and  recrystal- 
lized  from  water.  If  the  crystals  are  coloured  they  may  be  again  dissolved 
in  a  small  quantity  of  water  and  treated  with  animal  charcoal. 

Sucrodextrose  is  soluble  in  a  little  more  than  its  own  weight 
of  water  at  ordinary  temperatures ;  if  the  solution  be  evaporated 
to  a  thin  syrup  it  solidifies  after  a  few  days  to  a  granular  mass, 
but  if  evaporated  to  a  thick  syrup  it  does  not  solidify,  owing  to 
the  absence  of  sufiScient  water,  until  it  has  absorbed  moisture 
from  the  air.  It  generally  separates  from  the  aqueous  solution  in 
white  opaque  hemispherical  or  cauliflower-like  masses  of  the  com- 
position CgHjgOj  -f  OHg ;  when  magnified,  these  aggregates  are 
seen  to  consist  of  six-sided  tables  or  prisms.  At  17°  {6z°-6  F.) 
it  requires  about  50  pts.  of  alcohol  of  sp.  gr.  '83  to  dissolve  it, 
but  only  about  5  pts.  of  the  boiling  alcohol ;  it  crystallizes  from 
anhydrous  alcohol  in  small  well-defined  prisms  without  water  of 
crystallization.  It  is  much  less  sweet  to  the  taste  than  cane 
sugar.  The  hydrated  crystals  melt  at  86°  (i86°-8  F.),  and  the 
anhydrous  compound  at  146°  (294°*8  F.)  (Schmidt,  Ann.  Chem. 
Pharm.y  cxix.  92) ;  at  8a°  (i79°'6  F.)  and  144°  {2()\'''X  F.)  (Hesse, 
iWrf.,  clxxvi.  103).  On  heating  to  about  170°  (338®  F.)  it  loses 
the  elements  of  a  molecule  of  water,  and  is  converted  into  glu- 
cosan,  CgHj^Og ;  if  the  heating  be  continued,  caramel-like  sub- 
stances are  produced.  The  hydrated  crystals  of  dextrose  may 
be  rendered  almost  completely  anhydrous  by  heating  to  about 
70°  (158°  F.),  the  last  traces  of  water  being  given  off  at  a  tem- 
perature below  100°  (2ia°  F.)  (Hesse).  Tlie  anhydrous  crystals 
deposited  from  alcohol  are  not  hygroscopic,  but  anhydrous 
dextrose  which  has  undergone  fusion  rapidly  absorbs  water  in 
moist  air. 

According  to  various  observers  (Dubrunfaut,  Schmidt,  Hesse), 
a  freshly  prepared  solution  of  either  the  anhydrous  or  hydrated 
crystals,  or  of  sucrodextrose  which  has  been  rendered  anhydrous 
without  fusion,  has  an  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  of  [a]j  =-hioi° — 106°;  the  optical 
activity  gradually  diminishes,  however,  to  half  this,  and  then 
remains  constant.  This  diminution  of  rotatory  power  takes 
place  slowly  at  0°  (32°  F.),  but  is  complete  in  24  hours  at  the 
common  temperature,  or  in  a  few  minutes  at  100°  (212®  F.)  ; 
moreover,  a  freshly  prepared  solution  of  dextrose  which  has 
undergone  fusion  at  once  exhibits  the  lower  rotatory  power. 
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The  constant  apparent  specific  rotatory  power  of  sucrodextrose 
at  the  ordinary  temperature  observed  for  solutions  containing 
10  per  cent,  or  thereabouts,  and  calculated  for  the  anhydrous 
substance,  is  somewhat  variously  stated — viz.,  [o]j=  +53^*2 
(Dubrunfaut),  56°  (Berthelot),  57°  (Schmidt),  5f'4  (Bechamp), 
57''-6  (O'SuUivan) ;  and  [a]^=5o°-9  (Hesse),  53°  (Tollens)  : 
the  higher  values  are  doubtless  the  more  correct.* 

Dextrose  furnishes  a  number  of  unstable  metallic  derivatives, 
most  of  which  are  soluble  in  water ;  their  composition  has  only 
been  imperfectly  determined,  but  excepting  the  lead  derivatives 
they  appear  to  be  formed  by  the  displacement  of  at  most  two 
atoms  of  hydrogen.  Thus,  on  mixing  alcoholic  solutions  of  dex- 
trose and  potassic  hydrate,  a  white  gelatinous  precipitate  of  a 
potassium  derivative  is  obtained,  which,  however,  soon  becomes 
brown.  An  aqueous  solution  of  dextrose  dissolves  considerable 
quantities  of  the  hydrates  of  barium,  strontium,  or  calcium, 
forming  yellow  solutions  precipitable  by  alcohol,  which,  even  if 
protected  from  the  air,  become  darker  and  are  decomposed  when 
kept  or  heated.  A  solution  of  dextrose  is  not  .precipitated  by  either 
normal  or  basic  lead  acetate,  but  an  ammoniacal  solution  of  the 
normal  acetate  produces  a  white  precipitate.  In  the  presence  of 
alkali  a  solution  of  dextrose  dissolves  a  large  quantity  of  cupric 
hydrate,  forming  a  deep  blue  coloured  liquid,  from  which  cuprous 
oxide  separates  after  some  time  on  standing  at  the  ordinary  tem- 
perature, and  quickly  on  heating ;  according  to  Claus  {Joum.  pr, 
Chem.  [2],  iv.  96),  one  molecule  of  dextrose  dissolves  three  mole- 
cules of  cupric  hydrate,  the  solution  of  each  molecule  of  the 
latter,  however,  being  dependent  on  the  presence  of  a  certain 
fixed  quantity  of  alkali. 

On  allowing  a  concentrated  solution  of  sucrodextrose  and 
sodic  chloride  in  the  proportion  of  two  mols.  of  the  former  to 


*  The  influence  of  temperature  and  concentration  on  the  apparent  specific 
rotatory  power  of  pure  sucrodextrose  from  cane  sugar  or  honey  requires  invest'- 
gation  :  apparently  temperature  has  but  little  influence,  but  according  to 
Hesse's  observations  (loc.  cit.),  the  rotatory  power  diminishes  slightly  with  the 
concentration  for  solutions  containing  from  i  to  12  grams  per  100  cc,  whereas 
from  Tollens'  observations  (DeuL  chem.  Qes.  Ber.,  ix.  153 1)  it  appears  that 
commencing  with  solutions  containing  10 — 14  per  cent,  the  rotatory  power  in- 
creases considerably  with  increase  of  concentration  (see  Starch) ;  it  is  not  im- 
probable, however,  that  Hesne's  higher  values  are  due  to  slight  errors  of  obser- 
vation, which  tend  the  more  to  disturb  the  result  the  weaker  the  solution  for 
which  the  observation  is  made,  an  error  of  5'  making  a  difference  of  no  less 
than  4°  in  the  specific  rotatory  power  in  the  case  of  a  solution  containing  only 
I  gram  in  100  cc.  (^r-kr-^rrl^ 
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rather  more  than  one  mol.  of  the  latter  to  evaporate  oyer  sulphuric 
acid,  the  compound  2C^Hj20j.NaCl  +  OH,  separates  in  large  colour- 
less lustrous  crystals.  An  analogous  compound  with  sodic  iodide^ 
aCgHjjjO^.Nal,  may  he  still  more  readily  prepared  (C.  H.  Gill, 
private  communication). 

On  heating  dehydrated  crystallized  dextrose  with  about  2^ 
times  its  weight  of  acetic  anhydride  in  an  open  vessel  a 
Molent  reaction  takes  place,  and  a  mixture  of  a  di-  and  tri- 
acetate :  CjHjQ(CjjHgOg)jO^  and  C^H^iC^Hfi^^O^,  is  produced, 
which  may  be  separated  by  boiling  benzene,  as  the  latter  only  is 
soluble  in  this  liquid ;  they  are  amorphous,  bitter  tasting  sub- 
stances, soluble  in  water.  By  heating  the  triacetate  with  a  large 
excess  of  acetic  anhydride  for  six  hours  at  160®  (3^0®  F.),  it  is 
converted  into  the  octacetate  of  a  compound  formed  by  the  with- 
drawal of  the  elements  of  a  molecule  of  water  from  two  molecules 
of  dextrose  :  Cy^H^^(C^Hfi^fi^ ;  this  is  an  amorphous  tasteless 
substance,  insoluble  in  water.  These  acetyl  derivatives  of 
glucose  are  all  dextrorotatory  (Schiitzenberger,  Ann.  Chim.  Pky». 
[4],  xxi.  235).  ^ 

By  the  action  of  an  excess  of  acetic  chloride  s,i  ordinary 
temperatures,  dextrose  is  readily  converted  into  the  chloracetin 
C^U^C\{C^}ifi^fi  (acetochlorhydrose),  which  on  treatment 
with  cold  highly  concentrated  nitric  acid  yields  the  nitracetin 
CgHy(NOj)(CgH802)40.  The  former  compound  crystallizes  with 
difficulty  ;  the  latter  crystallizes  readily  in  oblique  prisms  or  large 
rhombic  plates,  insoluble  in  water,  but  soluble  in  alcohol,  and 
melts  at  145°  (293°  F.)  without  decomposition.  Both  are  more 
powerful  dextrorotatory  substances  than  dextrose  (Colley,  Compt, 
Rend.,  Ixx.  401  ;  Ixxvi.  436 ;  Ann.  Chim.  Phys.  [4],  xxi.  366). 

If  perfectly  anhydrous,  and  it  be  added  gradually,  dextrose 
dissolves  in  concentrated  sulphuric  acid  without  causing  the 
discoloration  of  the  liquid,  thus  diflfering  from  cane  sugar  which, 
unless  the  greatest  care  be  taken,  is  at  once  carbonized ;  an  acid 
ethereal  salt,  probably  analogous  to  the  acid  sulphate  of  glycerin 
(p.  540)  is  formed,  but  on  account  of  the  readiness  with  which  this 
salt  is  reconverted  into  its  generators  by  water,  its  composition 
has  not  yet  been  satisfactorily  ascertained.  The  exact  com- 
position of  the  nitrate  formed  on  treating  dextrose  with  highly 
concentrated  nitric  acid  is  also  unknown. 

As  already  stated  (p.  556),  sucrodextrose  is  converted  into 
mannitol  by  the  action  of  nascent  hydrogen. 

Characteristic  products  have  not  as  yet  been  obtained  from 
it  by  the  action  of  the  halogens,  of  the  haloid  aci^s,  or  of  the 
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haloid  phosphorus  compounds,  chiefly  because  of  the  difiBculty  of 
avoiding  its  complete  decomposition  by  these  reagents  (comp. 
Collcy,  toe.  «/.)• 

It  is  rery  readily  decomposed  by  alkalies,  a  solution  to  which 
an  alkali  has  been  added  rapidly  becoming  yellow  and  then  brown 
when  heated,  and  if  the  heating  be  continued  humus-like  sub- 
stances separate;  a  similar  change  slowly  ensues  at  ordinary 
temperatures.  According  to  Peligot,  the  product  of  the  mode- 
rated action  of  alkalies  is  an  amorphous  very  soluble  substance, 
precipitable  by  basic  plumbic  acetate,  which  he  terms  glucic  acid ; 
he  assigns  to  it  the  formula  Ci^H^gO^,  but  this  cannot  be  regarded 
as  established,  and  more  recent  researches  have  failed  to  throw 
light  on  the  nature  of  the  reaction.  By  heating  dextrose  with 
sodic  hydrate  solution  in  the  proportion  of  500  grams  of  the 
former  to  500  cc.  of  a  solution  of  the  latter  of  the  sp.  gr.  1*34 
diluted  with  an  equal  volume  of  water,  Hoppe-Seyler  (Deut,  chem. 
Ges.  Ber.,  iv.  346)  has  obtained  ordinary  fermentation  lactic  acid, 
together  with  formic  acid,  which  is  the  only  volatile  acid  pro- 
duced, small  quantities  of  pyrocatechol,  and  nncrystallizable 
substances  of  unknown  composition.  The  reaction  commences 
at  about  96®  (:Z04°'8  P.),  and  is  extremely  violent,  the  tempera- 
ture of  the  liquid  rising  to  about  116°  (240^-8  P.).  The  lactic 
acid  produced  amounts  to  10— ao  per  cent,  of  the  air-dry  sugar. 

Dextrose  is  also  acted  upon  widi  extreme  facility  by  oxidizing 
agents.  It  has  already  been  pointed  out  that  it  easily  reduces 
an  alkaline  solution  of  cupric  sulphate;  numerous  experiments 
have  shown  that  exactly  five  molecules  of  the  cupric  salt  are  reduced, 
and  two  and  a  half  molecules  of  cuprous  oxide  precipitated  for  each 
molecule  of  dextrose  oxidixed,^  and  it  is  (m  this  fact  that  the 
method  for  the  estimation  of  dextrose  described  on  pp.  568 — ^569  is 
based.  Dextrose  is  also  oxidiaed  by  an  alkaline  solution  of  potassic 
ferricyanide ;  it  precipitates  silver  from  a  solution  of  argentic 
nitrate  on  boiling ;  it  reduces  ferric  to  ferrous  salts,  and  on  heat- 


*  Although  the  amount  of  cnprio  mK  rudnoed  by  a  giren  quantity  of  dextrose 
is  constant,  the  nature  of  4he  reactioo  has  not  been  ascertained,  but  it  is  appa- 
rently extremely  complex.  Thus,  from  a  number  of  experiments  on  the  action 
of  cupric  hydrate  in  presence  of  potassic  hydrate,  Glaus  {Ann.  Chem,  Pkarm., 
cxlvii.  114;  JouTTi.  pr.  Chem,  [2],  iv.  63)  oonsiders  that  the  products  are  of 
three  kinds — vis. ;  i.  Acetic  and  formic  acids.  2.  A  mixture  of  non-volatile 
acids  containing  tartronic  acid,  which  can  be  separated  in  the  crystalline  state, 
and  which  furnishes  crystalline  salts ;  an  acid  which  is  readily  decomposed  on 
heating  its  aqueous  or  ammoniacal  solution,  with  separation  of  humus-like  sub- 
stances ;  and  at  least  one  other  acid,  which  is  not  only  itself  nncrystallizable,  bnt^ 
also  furnishes  nncrystallizable  salts.     3.  A  gum-like  substance.         ^<^  1 
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ing  it  with  a  solution  of  sodic  carbonate  and  basic  bismuthic 
nitrate^  a  black-brown  liquid  and  greyisb-brown  precipitate  are 
obtained.  On  boiling  it  with  an  alkaline  solution  of  mercuric 
cyanide^  metallic  mercury  is  precipitated ;  Knap  has  based  on 
this  reaction  a  method  for  the  determination  of  dextrose  {Ann. 
Chem.  Pharm,,  cliv.  252),  which,  however,  according  to  Sachsse,  is 
not  reliable  (see  Cane  Sugar,  Estimation  of). 

When  dextrose  is  heated  with  bromine  and  water,  it  yields 
hydrobromic  acid,  a  dark  brown  liquid,  and  humus- like  products ; 
but  on  passing  chlorine  into  a  cold  dilute  aqueous  solution  of 
dextrose  as  long  as  absorption  takes  place,  then  expelling  the 
dissolved  chlorine  by  a  current  of  carbonic  anhydride,  treating 
the  warmed  liquid  with  argentic  hydrate  until  neutral,  and  precipi- 
tating the  dissolved  silver  by  sulphuretted  hydrogen,  a  solution  of 
gluconic  acid  is  obtained  (Hlasiwetz  and  Habermann,  ibid.,  civ. 
123).  Gluconic  acid  is  a  syrup,  but  its  baric,  calcic,  and  ethylic 
salts  crystallize  well;  it  has  the  composition  C^H^j^O^,  and  is  per- 
haps a  monobasic  acid  of  the  formula  CH2(0H)(CH.0H)^.C00H. 
By  boiling  with  dilute  nitric  acid,  dextrose  is  oxidized  to  sac- 
charic acid,  C00H.(CH.0H)4.C00H,  and  oxalic  acid.  On  dis- 
tillation with  oxidizing  agents  such  as  manganic  peroxide  and 
sulphuric  acid,  it  yields  formic  acid. 

A  dilute  aqueous  solution  of  dextrose  readily  undergoes  alco- 
holic fermentation  when  mixed  with  beer  yeasty  loo  pts.  dextrose 
yielding  48 — ^49  pts.  alcohol. 

(1557)  Dextroglucoses  from  various  sources,  which  are  perhaps  identical 
with  Sucrodextrose.-'^A  number  of  gluooaideft  (q.v.)  furnish  bodies  of  the  oompo- 
sition  C^H^,0,  when  decomposed  by  heating  with  dilate  acids,  but  scarcely  any 
of  the  glucoses  thus  obtained  have  been  sufficiently  examined  to  enable  us  to  say 
that  they  are,  or  are  not,  identical  with  suorodeztrose.  According  to  Schmidt 
(ibid.,  cxix.  92),  the  glucoses  from  salicin  and  amygdalin  have  the  same  rotatory 
power  as  suorodextrose  prepared  from  honey;  Hesse  (Und.,  clxxvi.  112),  however, 
states  that  he  found  them  possessed  of  a  slightly  higher  rotatory  power,  and  that 
glucose  from  salicin  parts  with  its  water  of  crystallization  much  more  readily 
than  sucrodextrose,  but  it  would  appear  from  his  statements  that  on  dehydrating 
salicin-dextroae  crystallized  from  water  it  is  converted  into  sucrodextrose. 
Whether  the  differences  observed  by  Hesse  are  really  inherent,  however,  or  due 
to  impurity  or  imperfect  observation,  can  only  be  decided  by  a  more  careful 
examination.  According  to  the  same  observer,  the  dextrose  from  phloridzin  is 
essentially  different  from  sucrodextrose:  the  hydrated  crystals  melt  at  74^ 
(165°' 2  F.) ;  they  lose  only  6*7  per  cent  of  their  water  of  crystallization  when 
heated  to  60® — 70**  (140' — 158°  F.) ;  and  require  the  temperature  to  be  raised 
to  105°  (221^  F.)  in  order  to  expel  the  last  traces  of  water.  It  also  differs  from 
sucrodextrose  in  optical  activity,  its  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  in  a  solution  containing  3  per  cent,  of  the  hydrate 
C,H  O^  +  OH,  being  for  the  freshly-prepared  solution  [a]n  =  89®,  and  after 
standing  [a],,  =  44^ 
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According  to  Will  and  Eorner  {Ann,  Chem.  Pkarm.,  cxxv.  275),  the  glucose 
obtained  from  myronic  acid  ia  identical  with  sacrodextroae.  It  cryatallizea  from 
water  in  cauliflower-like  maasea  of  the  composition  Cfi^fi^  +  OH^  which  melt 
at  86**  (i86°'8  P.),  and  from  absolute  alcohol  in  anhydrous  nodules  consisting 
of  fine  needles,  which  melt  at  144° — 146**  (29i®*2 — 294**'8  P.).  It  is  dextro- 
rotatory^-to  what  extent  is  not  atated — and  has  the  same  cuprio  oxide  reducing 
power  as  sacrodextrose. 

Zwenger  and  Hind  (ibid.,  cxviii.  149)  state  that  the  glucose  from  solanin 
has  all  the  properties  of  sucrodextrose,  but  they  only  mention  that  it  crystallizes 
in  colourless,  well-formed,  apparently  rhombic  prisms. 

According  to  BrUcke  and  fience  Jones,  dextroglucose  occurs  in  small  quantity 
in  normal  urine,  and  it  is  present  in  considerable  quantity,  even  to  the  extent  of 
eight  or  ten  per  cent,  in  diabetic  urine.  It  is  generally  stated  that  dextrose 
from  diabetic  urine  is  identical  with  sucrodextrose,  but  apparently  this  is  by  no 
means  established.  Thus,  Hoppe-Seyler,  in  1865,  using  diabetic  sugar  ten  to 
twelve  times  recrystallized  from  alcohol,  found  the  apparent  specific  rotatory 
power  for  a  solution  containing  36  grams  in  100  cc.  to  be  [a],,  =  53°'45  »  * 
later  determination  with  a  Wild's  polaristrobometer  gave  [«]©  =  52°'i,  the  pre- 
vioiis  determination  having  been  made  by  Broch's  method  for  the  Praunhofer 
line  ]>.  Recently  {ZeiU,  anal.  Chem.  1875,  xiv.  303)  he  has  obtained  the 
mean  value  [o^d^  56*^*4  fo*  solutions  containing  from  4*5  to  26  per  cent,  by 
weight  of  the  anhydrous  dextrose,  which  had  been  carefully  purified  by  oden- 
repeated  crystallization  from  alcohol ;  thia  value  is  considerably  higher  than  that 
given  by  sucrodextrose,  and  would  appear  t'O  indicate  that  dextrose  from  diabetic 
urine  is  not  identical  with  sucrodextrose.  Pasteur  (Ann,  Chitn.  Phys,  [3],  xxxi. 
92)  found  the  apparent  specific  rotatory  power  of  the  sodium  chloride  compound 
2CjH„0,.NaCl  +  H,0  prepared  from  diabetic  sugar  to  be  [o]j  =  47°*i4»  and  on  the 
supposition  that  the  dextrose  in  this  compound  retains  its  proper  optical  activity 
unmodified,  we  may  calculate  its  apparent  specific  rotatory  power  by  the  proportion 

436-4:360  =    47**i4r  57*^1; 
aad  thoa  obtain  a  value  agreeing  nearly  with  thait  directly  obaerred  lor  sucro- 
dextroee.* 

The  dextroglucoaes  from  cellulose,  glycogen,  and  starch  will  be  described  later 
on,  when  these  compounds  are  considered. 

*  The  rotatory  power  of  the  sodium  chloride  compound  prepared  from  sucro- 
dextrose has  apparently  not  been  determined.  According  to  Stsedeler,  the  com- 
pounds C,Hj,0,.NaCl  and  2C,HjjO,.2NaCl  +  H,0  sometimes  separate  from 
diabetic  urine  eontainiag  sodic  chloride. 

The  determination  of  the  nature  of  the  dextrose  tn  diabetic  urine  is  of  impor- 
tance apart  from  its  scientific  value,,  aa  the  optical  method  is  usually  employed  in 
estimating  the  amount  of  sugar  in  uxine.  The  deviation  produced  by  the  urine  in 
a  tube  of  known  length  having-  been  ascertained,  the  number  of  grama  of  sugar  (x) 
contained  in  looca  is  calculated  by  the  formula 

according  as  the  observation  ia  made  for  the  transition  tint  or  with  sodium  light, 
O)  or  Gj^  being  the  observed  angular  deviation  for  a  column  one  decimetre  long, 
and  [a^  or  [a]i,  the  apparent  specific  rotatory  power  of  the  sugar  present ;  i.e., 
if  diabetic  sugar  ia  identical  with  sucrodextiose  [a]j  =  58**,.  and  [o]^  =  S3**-  This 
is  on  the  asaumption  that  the  apparent  specific  rotatory  power  is  independent  of 
concentration,  which  is  probably  not  the  case ;  but  the  variation  for  solutions 
containing  from  5  to  20  per  cent,  is  apparently  so  slight  that  it  does  not  appre- 
ciably affect  the  reeolt.  ^  i 
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(1558)  StrcBousTULOds  or  L^fivxtLOBE ;  Lavoglucose :  C^H^^Og, 
• — ^This  carbohydrate  occurs  mixed  with  sucrodextrose  in  honey ; 
in  many  firuits  and  other  sacchariferous  vegetable  organs  (comp. 
Buignet,  Ann.  Chim.  Phys,  [3],  Ixi.  233  ;  J.  Boussingault^  CompL 
Rend.,  Ixxxiii.  978) ;  and  is  produced^  together  with  an  equal 
quantity  of  sucrodextrose^  on  heating  a  solution  of  cane  sugar 
with  dilute  acids,  the  mixture  of  the  two  carbohydrates  in  equal 
proportions  constituting  so-called  invart  sugar,  from  which  it  was 
first  separated  in  a  pure  state  by  Dubrunfaut  in  1847.  The 
laevoglucose  obtained  on  heating  inulin  with  dilute  acids,  accord- 
ing to  Dubrunfaut,  is  identical  with  sucrohevulose,  but  this  state- 
ment requires  confirmation.  The  isolated  occurrence  of  sucrolce- 
vulose  has  not  yet  been  demonstrated ;  it  is  remarkable  also  that 
none  of  the  gluoosides  hitherto  examined  furnish  hevorotatory  ' 
glucose. 

It  may  be  prepared  by  Dubrunfaut's  method  {Compi.  Bend., 
Ixix.  1366),  which  consists  in  adding  six  parts  finely  powdered 
calcic  hydrate  to  a  cold  solution  of  ten  parts  invert  sugar  in  icx> 
parts  water ;  as  the  lime  is  added,  the  mixture  is  well  shaken, 
the  flask  being  occasionally  plunged  into  ice-cold  water  in  order 
to  prevent  rise  of  temperature,  A  milky  liquid  is  thus  obtained^ 
which,  however,  after  a  time  becomes  pasty,  owing  to  the  separa- 
tion of  a  difficultly  soluble  calcium  derivative  of  Isevogluoose.  It 
is  then  thrown  on  a  linen  filter,  and  the  solution  containing  the 
dextrose  having  drained  away,  the  residue  is  washed,  then  strongly 
pressed,  and  afterwards  suspended  in  water  and  decomposed  either 
with  oxalic  or  carbonic  acid.  On  concentrating  the  filtered 
liquid,  the  bevulose  is  obtained  as  a  colourless,  uncrystalliaable 
syrup,  or  as  an  amorphous  gum-like  mass,  much  sweeter  than 
sucrodextrose,  and  more  soluble  in  alcohol 

The  properties  of  pure  sucrolsevulose  have  been  little  studied. 
Its  apparent  specific  rotatory  power  in  aqueous  solution  dimi- 
nishes or  increases  in  proportion  as  the  temperature  rises  or  falls: 
thus  at  i^"  {sf'2  R)[a]j  =  -io6^;    at  5^"^   {i%s'''6  F.)  it  is 

^7 9^' 5  y  *"^<i  **  90°  ('94^  F-)  i^  ^  "^SS^-  I^*^®  sucrodextrose, 
it  furnishes  a  soluble  calcium  derivative,  in  addition  to  the 
sparingly  soluble  one  above  mentioned ;  the  latter  crystallizes  in 
microscopic  needles,  and  is  formed  by  the  displacement  of  three 
atoms  of  hydrogen  by  calcium  (Dubrunfaut).  It  does  not  appear 
to  combine  with  sodk  chloride  (C.  H.  Oill) ;  neither  does  it  retain 
water,  like  dextrose,  as  the  residue  obtained  on  evaporating  ^ta 
aqueous  solution  in  vacuo  over  sulphuric  acid  has  the  compooitioii 
CjHjgOj  (Dubrunfaut,  ibid.,  xlii.  901).     WbQU  irapidly  h^ate^  to 
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about  170®  (338°  F.)  it  is  converted  into  laevulosan,  CgHj^Og. 
Its  conversion  into  mannitol  has  already  been  mentioned  (p.  556).* 
It  is  more  readily  decomposed  by  acids  (see  Cane  Sugar), 
but  less  readily  by  alkalies  than  dextrose ;  and  in  contact  with 
beer  yeast  it  ferments  less  re^ily  than  the  latter.  It  has  the 
same  cuprie  oxide  reducing  power  as  dextrose^  but  it  does  not 
exhibit  the  same  behaviour  as  the  latter  with  all  oxidizing  agents, 
since,  according  to  Sachsse  (see  Cane  Sugar,  Estimation  of),  the 
reducing  power  of  invert  sugar  is  less  when  tested  by  an  alkaline 
solution  of  mercuric  iodide  than  when  tested  by  Fehling's  solution. 
Moreover,  by  passing  chlorine  into  an  aqueous  solution  of  laevu- 
lose^  and  afterwards  saturating  the  liquid  with  argentic  hydrate, 
&c.,  Hlasiwetz  and  Habermann  {Ann,  Chem.  Pharm.,  civ.  T30)  ob- 
tained glycolic  acid,  CHg(OH).COOH,  dextrose,  as  we  have  learnt, 
being  converted  by  this  treatment  into  dextronic  acid,  C^^fi^ : 
and  they  assume  that  three  molecules  of  this  acid  are  formed  from 
a  single  molecule  of  Isevulose.  Krusemann,  however,  who  has 
prepared  glycolic  acid  in  a  similar  manner  from  inulin-lsevulose, 
states  that  the  amount  obtained  is  exceedingly  small^  and  not 
sufficient  to  warrant  the  assumption  that  a  single  molecule  fur- 
nishes three  molecules  of  glycolic  acid  {Deut.  chem.  Ges.  Ber.,  ix. 
1468).  It  is  said  to  furnish  saccharic  acid  on  oxidation  with 
nitric  acid« 

(1559)  Lactose;  Oalactose:  C^Hj^Og.— ^-The  discovery  that 
milk  sugar,  when  boiled  with  dilute  sulphuric  acid^  furnishes  a 
glucose  isomeric  with  sucrodextrose  is  generally  attributed  to 
Pasteur,  it  having  escaped  the  notice  of  most  chemists  that 
A.  Bouchardat  had  previously  (in  1851)  isolated  a  body  apparently 
different  from  sucrodextrose.  The  glucose  obtained  by  Bouchardat, 
however,  had  the  apparent  specific  rotatory  power  [a]  ,= 45^*9 
(or  [a] j =59°'8),t  and  gave  only  traces  of  mucic  acid  on  oxidation ; 


*  Both  deitrose  and  keTuIose,  when  submitted  to  the  action  of  sodium 
amalgam  in  aqueous  solution,  furnish  a  small  quantity  of  a  mixture  of  alcohols 
of  the  ethylio  series,  oonsistiDg  of  efchylic,  isopropyUc,  and  hezylic  aloohok,  the 
last  of  which  is  perhaps  identioal  with  the  secondary  hexylio  alcohol  from 
mannitol  (Bouchardat,  Atm,  Chim.  Phys.  [4],  xxvii.  87 ;  Krasemann,  DeuL 
ehem,  Oes.  Ber,,  iz.  J  46  5).  Ordinary  lactic  acid  is  idso  produced  in  con- 
siderable quantity ;  Bouchardat  attributes  its  formation  to  the  action  of  the  sodio 
hydrate,  and  not  to  that  of  the  nascent  hydrogen,  but  it  is  by  no  means  im- 
probable that  it  is,  in  part  at  least,  a  direct  product  of  the  action  of  the  latter. 

f  It  was  customary  when  Biot's  original  form  of  apparatus  was  empk>yed 
to  interpose  a  plate  of  glass  coloured  x«d  with  oxide  of  copper  between  tho 
polarizer  and  the  tube  containing  the  liquid,  and  the  symbol  [a]^  is  that  used  to 
iodiciite  the  specific  rotatory  power  observed  in  this  manner  for  red  light.    Now. 


586  CARBOHYDRATES.  [^559- 

whereas  that  obtained  by  Pasteur  {Compt,  Rend,,i[\\.  347,  1856), 
gave  about  twice  as  much  mucic  acid  on  oxidation  as  milk  sugar  did, 
its  apparent  specific  rotatory  power  in  a  2  per  cent,  solution  im- 
mediately after  the  preparation  of  the  solution  being  [a]j=i39°'6, 
and  after  twenty-four  hours  83°*2.  Lactose^  according  to  Pasteur, 
crystallizes  more  readily  than  sucrodextrose^  but  generally  iu 
nodules  like  the  latter ;  sometimes,  however,  it  forms  microscopic 
rectangular  prisms,  acuminated  at  the  edges,  but  more  often  six- 
sided,  round-edged  lamin»,  having  a  pea-shaped  protuberance  in 
the  middle.  It  has  the  same  cupric  oxide  reducing  power  as 
sucrodextrose.  He  was  unable  to  obtain  from  it  a  compound 
with  sodic  chloride. 

Obviously  the  glucoses  examined  by  Bouchardat  and  Pasteur 
difier  considerably  in  properties ;  and  hence  it  would  appear  pro- 
bable that  two  dextrorotatory  glucoses  are  simultaneously  pro- 
duced on  inversion  of  milk  sugar.  Fudakowski  has  shown  that 
this  is  really  the  case,  and  that  they  may  be  separated  in  the 
following  manner  (Medicinisch-chemische  Unt,  a.d.  Lab.  Jur 
angewandte  Chemie  zu  TUbingen^  1866,  i.  164;  Deut.  chem.  Ges. 
Ber,,  viii.  599 ;  ix.  42).  Pure  milk  sugar  is  boiled  with  a  mixture 
of  2  vols,  water  and  i  vol.  dilute  (1:5)  sulphuric  add  until  the 
liquid  acquires  a  pale  brown  colour,  water  being  added  to  replace 
that  lost  by  evaporation ;  this  requires  about  an  hour.  When 
cold,  the  solution  is  neutralized  with  calcic  carbonate,  a  slight 
excess  of  baryta  water  is  then  added,  and  it  is  saturated  with 
carbonic  acid.  The  filtered  liquid  is  now  evaporated  to  a  thin 
syrup,  and  to  this  alcohol  is  added,  which  causes  the  separation 
of  a-lactose,  whilst  ^-lactose  crystallizes  after  some  time  from  the 
mother  liquor ;  the  two  bodies  are  purified  by  recrystallization, 
with  the  aid  of  animal  charcoal,  from  95 — 98  per  cent,  alcohol, 
in  which  the  latter  is  considerably  the  more  soluble.  a-Lactose 
crystallizes  in  small  rectangular  prisms  with  two  end  faces; 
/3-lactose  forms  granules  and  occasionally  six-sided  tables,  such  as 


according  to  Biot,  a  plate  of  quartz  one  mm.  in  thioknpss  produces  a  deviation 
of  18^  25'  or  18''  41  of  the  light  passing  through  red  glsM,  and  a  deviation  of 
24"*  of  mean  yellow  light  (p.  573) ;  hence 

Wr  :  C«l    =    18-41  :  24, 

and  therefore  [aj   =   1^°^  '  '^'^' 

Bed  glass,  however,  differs  in  quality,  and  on  this  account  the  value  of  [a^j*  cal* 
culated  from  that  of  [a]r,  can  be  regarded  as  approximate  only,  unless  the  quality 
of  the  gkss  employed  is  known. 
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are  described  by  Pasteur,  containing,  even  when  crystallized  from 
98  per  cent,  alcohol,  a  molecule  of  water,  the  greater  part  of  which, 
however,  is  expelled  at  60°  (140°  F.).  The  latter  appears  to  have 
a  sweeter  taste,  and  to  be  more  soluble  and  more  easily  ferment- 
able than  the  former.  Their  freshly  prepared  solutions  in  cold 
water,  like  that  of  sucrodextrose,  have  a  much  higher  rotatory 
power  than  after  long-standing  or  warming ;  the  values  obtained 
for  the  two  sugars  by  Broch^s*  method,  after  heating  the  solu- 
tions^ were  as  follows : 

a-Lactoset  (in  a  solution  contaiDing  13  per  cent.)  [ajj,  —  92***83 
/3-LactoM   (  „  „  18       „       )  [-0]^  =  62^-83. 

By  oxidizing  a-lactose  with  nitric  acid,  Fudakowski  obtained 
3  a  per  cent,  of  its  weight  of  pure  mucic  acid  dried  at 
100^  (212^  F.);  j3-lactose  on  treatment  of  its  aqueous  solution 
with  chlorine  and  afterwards  with  argentic  hydrate,  &c.,  was  con- 
verted into  an  acid  of  the  same  composition  as  gluconic  acid 
(p.  582),  but  which  furnished  a  crystalline  baric  salt  containing 
only  a  single  molecule  of  water,  whereas  that  obtained  by  Ulasi- 


*  The  determination  of  the  (ipecific  rotatory  power  hy  Broch**  method  is 
effected  by  a  combination  of  the  polarimeter  with  the  spectroscope,  and  is  the 
most  accafate  of  all  methods.  By  means  of  a  heliostat,  smilight  is  reflected  into 
a  dark  room  through  a  narrow  slit,  and  the  rays  are  rendered  parallel  by  an 
achromatic  lens,  fixed  in  such  a  position  that  the  slit  is  in  its  focus ;  the  polari- 
meter, consisting  merely  of  a  polarizer  and  analyser,  is  placed  behind  the  lens, 
and  the  beam  which  issues  from  the  analyser  is  then  allowed  to  fall  on  a  priam, 
in  front  of  which  is  fixed  a  telescope  for  the  observation  of  the  spectrum.  The 
tube  containing  the  liquid  under  examination  is'placed  in  the  nsual  manner 
between  the  two  Nicors  prisms.  The  white  light  which  falls  on  the  Nicol 
placed  nearest  to  the  slit  becomes  polarized  in  a  particular  plane,  but  in  its 
passage  through  the  polarizing  liquid  the  plane  of  polarization  is  deflected  to  an 
extent  whi<^  varies  ibr  each  component  of  the  white  light;  the  colour  whose 
plane  of  polarization  is  perpendicular  to  the  plane  of  vibration  of  the  analysing 
Nicol,  therefore,  cannot  pass  through  the  latter,  so  that  the  spectrum  observed 
through  the  telescope  exhibits,  in  addition  to  the  ordinary  Fraunhofer  lines,  a 
black  band  which  shifts  from  one  end  of  the  spectrum  to  the  other  as  the 
analyser  is  rotated.  The  observation  consists  in  adjusting  the  vertical  spider 
line  in  the  eyerpieoe  of  the  telescope  so  that  it  coincides  with  a  particular  Fraun- 
hofer line,  the  D  line  for  example,  and  the  analyser  is  then  rotated  until  the 
centre  of  the  black  band  and  the  spider  line  are  coincident ;  the  angle  through 
which  the  analyser  has  been  moved  from  its  original  position  before  the  polarizing 
liquid  was  introduced  is  then  read  off  on  the  divided  circle  attached  to  it,  and  the 
angular  deviation  of  light  of  the  refrangibility  of  the  particular  line  observed  is 
thus  determined. 

t  In  distinguishing  isomeiio  carbohydrates  by  the  letters  o,  jS»  &e.»  it 
appears  desirable  to  attribute  a  definite  signification  to  these  letters,  and  to 
assign  a  to  the  hodj  which  has  the  higher,  and  /3  to  that  which  has  the  lower 
specific  rotatory  power. 
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wetz  and  Habermann  from  dextrose  contained  three  molecules  of 
water. 

A  solution  of  milk  sugar  inverted  by  boiling  with  sulphuric 
add  yields  a  mixture  of  dulcitol  and  mannitol  when  submitted 
to  the  action  of  sodium  amalgam^  and  as  the  glucose  of  high  ro- 
tatory power  from  milk  sugar  yields  only  dulcitol  when  similarly 
treated,  we  may  conclude  that  a-lactose  is  conyerted  into 
dulcitol^  and  /3-lactose  into  mannitol,  by  the  action  of  nascent 
hydrogen  (G.  Bouchardat,  -4«».  Chim.  Phys.  [4],  xxyii.  79). 

Thm  can  be  do  doubt  from  Pastear's  and  Fudakowski'a  observatione  that  a- 
lactoae  is  a  body  altogether  different  from  uucrodextroBe ;  and  if  it  be  supposed 
that  the  jS-Iactose  obtained  by  the  latter  chemist  was  free  ftom  a-Uotose,  it 
would  follow  that  it  is  also  an  isomeride  of  sucrodextrose  as  it  has  a  consider- 
ably higher  rotatory  power.  /3-lactoee,  however,  in  many  respects  closely  re- 
sembles sucrodextrose,  which,  aooording  to  Pasteur,  also  crystallizes  in  six-sided 
laminsB,  although  these  do  not  exhibit  the  peculiar  proiuberanoea  above  men- 
tioned. Moreover,  Dubrunfaut  has  stated  that  when  a  solution  of  milk  sugar 
undergoes  inversion  the  rotatory  power  increases  until  finally  it  becomes  -^f  ths 
of  its  original  valae ;  the  apparent  specific  rotatory  power  of  milk  sugar  being 
Wj  =  SP'^'Sf  ^®  rotatory  power  of  the  invert  sugar  from  it  would  therefore  be 
59*3  ^  i#  =  n""*!-  Now,  if  the  theoretical  rotatory  power  be  calculated 
from  Fudakowski's  values  above  given,  we  obtain  a  much  higher  number  than 
this;  thus: 

Q2'8  +  62  '8   ^    770.8,snd  hence  [o3,  =  77*»-8xri  =  85^-5. 

But  if  we  assume  that  invert  milk  sugar  is  a  mixture  of  a-laotose  and  sucro- 
dextrose, and  that  Fudakowski's  value  for  the  former  is  correct,*  we  have : 

9a''8  4-53^'i    ^   72^.95,  and  hence  [a],  =  72^-95  xri  =  8o'*-24, 

2 

which  is  a  much  closer  approximation  to  Dubmnfirat's  value.  It  is  to  be  ob- 
served also  that  the  rotatory  power  of  fiouohardat's  product  (p.  585),  which 
gave  only  traces  of  mucic  acid  on  oxidation,  and  which,  therefore,  we  may  sup- 
pose was  not  much  contaminated  by  a-lactose,  is  only  slightly  higher  tiian  that 
of  sucrodextrose.  Hence  it  appears  not  improbable  that  milk  sugar  on  inversion 
is  converted  into  sucrodextrose  and  an  isomeric  glucose  of  much  higher  rotatory 
power.  The  most  suitable  name  for  the  latter  is  lactose,  being  that  originally 
assigned  by  Pasteur  to  the  product  which  he  isobted  from  inverted  milk  sugar, 
although  from  Pasteur's  description  there  can  be  little  doubt  that  his  experi- 
ments were  made  with  a  mixture  only  chiefly  consisting  of  lactose. 


*  G.  Bouchardat  {he,  eU.,  p.  S^j  1872)  states  that,  by  recrystalling  from 
alcohol  the  crystals  which  first  separate  from  the  concentrated  solution  of  in- 
verted milk  sugar,  he  obtained  a  product  having  the  apparent  rotatory  power 
(in  a  7'5  per  cent  solution)  [a]j  =  82^*9,  which  nearly  agrees  with  that  ch* 
served  by  Pasteur.  But  the  sign  [a]|  is  incorrectly  used  by  Bouchardat,  who 
employed  a  polarimeter  illuminated  by  sodium  light;  the  value  [a]]>=  82**9  ^ 
[a]|  ~  9i"'2  is  considerably  higher  than  Pasteur's,  although  lower  to  about  an 
equal  extent  than  that  observed  by  Fndakowski.  _  , 
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(1560)  Arabinosb;  Pectinose:  C^U^fi^. — This  glucose  is  ob- 
tained by  heating  '^  arabin'^  from  the  sugar-beet^  or  gum  arabic^ 
irith  dilute  sulphuric  acid^  and  was  first  described  by  Scheibler  in 
1868  {Det£t.  chem.  Ges.Ber.,  i.  58,  108  ;  vi.  612) ;  its  preparation 
will  be  described  later  on.  It  crystallizes  in  very  brittle^  colour- 
less^ glistening^  anhydrous^  rhombic  prisms  with  dihedral  summits, 
which  are  mostly  concentrically  arranged ;  the  crystals  are  sweet 
to  the  taste^  although  less  sweet  than  cane  sugar.  When  care- 
fully heated,  it  melts  at  about  160^  (320°  F*)^  ^^^  decomposes  at 
higher  temperatures.  It  is  e^Ltremely  soluble  in  hot  water,  but 
the  excess  crystallizes  out  at  once  on  cooling.  It  is  charred  by 
concentrated  sulphuric  acid ;  on  oxidation  with  nitric  acid  it  is 
converted  into  oxalic  acid,  and  does  not  appear  to  furnish  mucic 
acid.  Its  solution  dissolves  calcic  hydrate,  and  the  liquid 
becomes  yellow  on  standing  some  time,  or  immediately  on 
heating;  sodic  and  potassic  hydrate  have  a  similar  action. 
Arabinose  has  a  somewhat  higher  cupric  oxide  reducing  power 
than  sucrodextrose,  one  molecular  proportion  reducing  5*5  mole- 
cular proportions  of  cupric  sulphate.  It  does  not  ferment  in 
contact  with  beer  yeast. 

Scheibler  found  the  apparent  specific  rotatory  power  of 
arabinose  from  sugar-beet  arabin  in  a  solution  containing  10  grams 
in  100  cc,  which  had  the  sp.  gr.  1*0381  at  15°  (59"^  F.),  to  be 
[a]j=-hii8^;  the  values  obtained  for  a  specimen  from  gum 
arable  were  slightly  different, — probably  owing  to  a  difference  in 
the  temperature,  which  considerably  affects  the  rotatory  power — 
viz.,  121®  for  the  freshly  prepared  solution,  and  116°  after  stand- 
ing or  heating. 

(156 1)  SoBBivoSB;  Sorbin:  C^H^O,. — Sorbin  waa  first  described  in  1852 
by  Peloure  {Ann.  Chim.  Phys,  [3],  xxxv.  222),  who  obtained  it  from  the  fer- 
mented jaice  of  Mountain  Ash  bei*rie8  {Sorbus  aucuparia).  The  juice  expressed 
from  berries  gathered  towards  the  end  of  September  was  allowed  to  remain  for 
thirteen  or  fourteen  months  in  stoneware  pans,  during  which  time  a  considerable 
development  of  fungoid  growth  took  place ;  the  clear  liquid  was  then  decanted, 
and  evaporated  to  a  thick  syrup,  and  the  crystals  which  were  deposited  purified 
by  recrystallization  with  the  aid  of  animal  charcoal. 

Del£fs  has  observed  {British  Association^  Bepart,  187 1)  that  no  sorbin  is 
obtained  if  the  malic  acid  which  exists  in  the  juice  be  first  removed,  although  it 
is  readily  procured  when  Pelouze's  process  is  strictly  followed ;  moreover,  no 
malic  acid  is  found  in  the  fermented  juice,  and  Delffs,  therefore,  supposes  that 
sorbin  is  formed  during  the  fermentation,  and  that  there  is  an  intimate  connexion 
between  its  formation  and  the  disappearance  of  the  malic  acid.  We  may  regard 
this,  however,  as  doubtful. 

It  crystallizes  in  transparent,  very  regular,  rhombic  octahedra.  The  crystals 
are  hard  and  grate  between  the  teeth ;  they  are  as  sweet  as  cane  sugar.  Water 
dissolves  about  double  its  weight  of  sorbin,  but  it  is  almost  insoluble  in  alcohol  even 
when  boiling.     Its  apparent  specific  i-otatory  power  in  a  solutio^r  containing 
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about  30  per  cent,  at  7®  (44°'6  F.)  is  -  4&*'q  ;  it  appears  to  be  only  slightly 
variable  with  the  temperatare,  and  just  as  great  in  a  recently  prepared  solation 
as  in  one  that  has  been  kept  (Berthdlot).  It  forms  a  compound  with  sodic 
chloride  crystallizing  in  cubes.  It  may  be  heated  to  fusion  without  loss  of  weight, 
but  on  heating  it  to  150"* — 180*  (302*' — 356°  P.)  water,  which  is  slightly 
acid,  is  given  off,  and  it  is  converted  into  a  dark  red  mass,  insoluble  in  water, 
alcohol,  and  the  weaker  acids,  but  readily  soluble  in  alkalies ;  according  to 
Pelouze,  this  residue  principally  consists  of  an  acid  of  the  composition  C^^H^jO,. 
Sorbin  is  very  readily  altered  by  alkalies,  even  very  dilute  solutions  becoming 
yellow  when  warmed  with  potassic  hydrate ;  its  solution  dissolves  a  considerable 
quantity  of  calcic  hydrate ;  it  is  not  precipitated  by  basic  plumbic  acetate,  but 
yields  a  white  precipitate  with  an  ammoniacal  solution  of  the  normal  acetate;  It 
is  not  in  the  least  altered  by  boiling  with  dilute  acids ;  it  is  coloured  reddish- 
yellow  by  cold  concentrated  sulphuric  acid,  and  charred  on  heating.  It  pre- 
cipitates cuprous  oxide  from  an  alkaline  cuprio  solution,  but  its  cnpric  oxide 
reducing  power  has  not  been  determined.  Sorbin  does  not  ferment  in  contact 
with  beer  yeast,  but  is  capable  of  undergoing  the  lactic  fermentation  (Berthelot). 
According  to  Dessaignes  (Ann.  Chem.  Pharm.  Supp,y  ii.  242)  sorbin  yields 
aposorbic  acid,  C^H^O^,  together  with  the  three  modifications  of  tartaric  acid — 
dextrotartaric  acid,  racemic  acid,  and  mesotartaric  acid,  on  oxidation  with  nitric 
acid  ;  Pelouze  obtained  oxalic  acid  only.  Hlasiwetz  and  Habermann  state  that 
on  passing  chlorine  into  an  aqueous  solution,  and  afterwards  saturating  with 
argentic  hydrate,  &c.,  it  is  converted  into  glycolic  acid ;  it  is  remarkable  that 
sorbin  and  Ijevulose,  which  are  the  only  two  IsBvorotatory  glucoses  at  present 
known,  should  both  yield  glycolic  acid  when  thus  treated,  especially  as  they  are 
the  only  carbohydrates  hitherto  examined  from  which  it  has  been  obtained. 

(1562)  EucALYPTOSE;  Eucalyn  :  CgH^jO^.— Little  is  known  of  this  car- 
bohydrate. It  is  obtained  by  fermenting  melitose,  an  isomeride  of  cane  sugar, 
with  yeast ;  apparently  the  melitose  is  thus  in  the  first  instance  resolved  into 
eucalyptose  and  a  second  glucose,  of  which  the  latter  alone  is  fermentable,  so 
that  when  the  fermentation  is  complete  the  solution  contains  only  eucalyptose, 
and  the  alcohol  produced  f.  om  the  glucose,  which  disappears.  It  is  mixed  with 
four  or  five  vols,  of  alcohol,  and,  afler  filtering,  evaporated  to  a  syrup,  which  is 
then  exposed  over  sulphuric  acid  in  vacuo.  Eucalyptose  is  thus  obtained  as  a 
slightly  sweet  syrup  of  the  composition  C^H^^O^  +  OH. ,  which  loses  a  molecule 
of  water  on  heating  to  100°  (212°  P.);  if  it  be  heated  to  110°  (230**  P.)  it 
becomes  coloured,  and  at  200°  (392^  P.)  is  converted  into  a  black,  insoluble 
substance.  It  is  dextrorotatory,  having  approximately  the  apparent  specific 
rotatory  power  [a]j  =  65**.  It  reduces  an  alkaline  cupric  solution.  Nitric  acid 
converts  it  into  oxalic  acid.  It  is  decomposed  by  concentrated  sulphuric  acid,  or 
by  fuming  hydrochloric  acid  at  100°  (212°  P.);  and  when  heated  with  baric 
hydrate  at  100°  (212°  P.)  the  solution  becomes  strongly  coloured  (Berthelot, 
Ann,  Chim.  Phys.  [3],  xlvi.  72). 

(1563)  Glucoses  which  have  been  Artificially  Produced. — According  to 
Gorup-Besanez  (Ann,  Chem.  Pharm.,  cxviii.  257),  when  a  mixture  of  one  part 
mannitol  and  two  parts  platinum  black,  moistened  with  water,  is  exposed  to  the 
air  at  a  temperature  of  30° — 40°  (86°— 104''  P.),  and  the  water  constantly 
replaced  as  it  evaporates,  until  the  mannitol  entirely  disappears,  which  with 
quantities  of  20 — 30  grams  takes  place  in  about  three  weeks,  a  product  is 
obtained  which  furnishes  a  colourless,  strongly  acid  solution.  The  acid  (man- 
nitic  acid,  p.  558)  may  be  separated  by  the  addition  of  basic  plumbic  acetate, 
and  if,  after  removing  the  dissolved  lead  by  sulphuretted  hydrogen,  the  solution 
be  evaporated  at  first  on  the  water  bath,  and  then,  directly  it  becomes  coloured, 
by  exposure  over  sulphuric  acid  in  vacuo,  a  pale  yellow,  stronglvacid  syrup  is 
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Sr''  7^'t  ^^°f  ?^  ^'r  *?  *.  «f°"-"'"'  ''y»«'»«'P'"<'  »«-».  This  residue 
T  ,t  f'.'-r-t"'' «  ^y.  haWng  all  the  character,  of  dextrose,  with  the 
exception  that  .t  t^opttcalfy  inactive,  mixed,  however,  with  .  sabstence  f«,m 
wh«ih  ,t  could  not  be  separated,  and  which  is.  perhaps,  manniton.  C  H  0 
The  cupnc  oxide  reducing  power  of  loo  pts.  of  the  residue  was  equal  to  'that  of 
3245  pts.  dextrose,  and  another  100  pts.  gave  an  amount  of  carbonic  anhydride 
on  fermentafcon  corresponding  to  3a-68  per  cent  of  dextrose.  Goru^BLne. 
terms  the  optically  inactive  glucose  formed  in  this  manner  mannilose 

Dulctol.  the  iwmeride  of  mannitol,  according  to  Carlet  (»■*»*,  civii  j.,) 
also  yields  a  body  having  the  properties  of  glucose,  together  with  a  siall  quanthy 
of  raoemic  acid,  on  oxidation  with  nitric  acid.  quaiiuiy 

According  to  Berthelot  (Ann.  Ckim.  Phys.  r^l.  1  760^  a  h«1»  >,.„;„  n, 
pro^rties  of  the  glucoses  i.^sometimes  formfd  iy'\he  SnuSn^'f'it 
«.lu  ions  of  glycerol  and  mannitol  in  contact  with  cerUin  nitrogenous^Zal 
substances,  but  the  conditions  ne««sary  always  to  insure  its  pro^uctLn 3d 
not  be  ascertained.  The  only  substance  which  was  found  to  be  at  all  reguir  n 
Its  ac  ion  was  the  membrane  of  the  testicle.  This  was  added,  n  ffine  y 
divided  state,  to  a  solution  of  ,  pt.  glycerol  or  mannitol  in  10  pk  water  th^ 
amount  taken  (of  the  substance  supposed  dry)  being  about  l-^oth  of  tie  weiS 
f  ^J^^T?  ,?' "»""""'  ■•  t^«  '°'='t«".  contained  in  an  open  fla-.k,  was  el^ed 
to  diffused  daylight  at  a  temperature  between  10°  and  lo'is^ZlT^ 
«.dthe  hquid  oc«uionally  tested  with  Fehling's  solution.  After  an  inteS 
varying  from  a  week  to  three  month,  it  was  found  to  contain  a  body  ^paSro f 
reducing  cupnc  solution,  and  of  at  once  fermenting  when  placed  KnTt  with 
beer  yeast.  ExpenmenU  with  dulcitol  gave  simiUr  results.  The^S  S 
stance  sepa^ted  from  the  liquid,  and  freed  from  glycerol  or  mannitol  by 
washing,  retained,  as  a  rule  the  property  of  convertinV  these  ~nS  into 
the  supposed  glucose  The  amount  formed  is  extremely  variable  in  some 
cases  king  equal  only  toafew  ten-thousandths  of  the  weightof  glycero  or  mannkol 
taken,  and  lu  other,  to  as  much  as  a  tenth  of  their  weight.  theUtte  3uy 
being  never  exceeded,  however,  the  weight  of  glycerol  fr  ^annitl  which  dS^ 
appeared  was  always  greater  than  the  weight  of  « elucose"  fcrm^T  r 
experiment  cited  by  Berthelot.  .  grams  of  th'e  fresh  Z^,  reputing  ,80" 
gjrams  dry  substance.  5  grama  mannitol.  and  <o  grams  watJr  oT^r  I 
interval  of  nearly  four  months.  -,50  g«ms  of  the  "^O.^^Thel^ill 
matter,  after  washing  and  drying.  weigSed  .30  grams.  ^andTad  Je^fo^  L  ' 

«gW-  is  really  derived  from  the^  ^^L. 'aTistt '  rlE^L  t 
derived  from  the  animal  substance.  Berthelot  attributes  its  formaSn  t^  I 
species  of  contact  action  exercised  by  the  nitrogenous  matter!  an7not  t»  th« 
microscopic  organisms  which  are  developed  in  ihe  liquid -pLteur's^L  k 
on  fermentation,  however,  render  this  explanation  extremll  v'  imn^UKl  '"^T^^ 
fa.  mo«  likely  that  the  nitrogenous  -tte/ ::r::f  Sl;T^S^tul 'fo^ 
the  organisms  which  excite  the  fermentation.  These  or  Jni^s^^«  H„  Kfi 
^riv^  from  the  atmosphere,  and  the  want  of  success  SZnTdrat'yTf 
Berthelot  s  expenmenta  may  have  been  due.  either  to  the  nnn  ;„«^  V^  I 
the  proper  germs,  or  to  the  fact  that  the  liquid  was  not  suited  to  th^"."'""?  °^ 
ment.  As  to  the  properties  of  the  "  gluc<»e"  formed  iwlh  1  ^  ^l  ^T^°^ 
could  not  be  obtainedLystailized.  and^h^it  illtie^l^tl  tttrld 
aqueous  alcohol;  its  solutions  alter  verv  readiU  H,.rmc  ^.         1    !-  ^ 

browned  by  alkalies..    On  account  of  ^e  '^XT!,^:'^^'^: 
tions.  It  was  almost  impossible  to  ascertain  whether  it  was  optically  Svebu 
on  one  occasion  it  was  observed  that  .  solution  containing  ab^uri]^^^^^^^^ 
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''glucose"  produced  a  deviation  of  5^*5  for  the  transition  tint  in  a  column 
loo  mm.  long. 

Lowig  {Jakresb.,  1861,  600)  supposed  that  the  portion  of  the  product  of 
the  action  of  sodium  amalgam  on  ethylic  oxalate  which  remained  after  extracting 
the  ethylic  devoxalate  (q.v.)  by  ether,  contained  a  "  fermentable  sugar/'  but  ac- 
cording to  Brunner  (Deut.  ckem.  Qea,  Ber.,  iii.  974)  this  is  not  the  case. 

Lastly,  we  have  to  notice  the  formation  of  a  body  capable  of  reducing  an 
alkaline  cupric  solution,  but  apparently  not  fermentable  in  contact  with  beer 
yeast,  on  boiling  the  so-called  dioxymeihylene — the  polymeride  of  formic  alde- 
hyde (q.v.) — with  lime  water  (Butlerow,  Ann.  Chem.  Pharm,,  cxx.  295)  : 
the  colourless  solution  of  this  substance  in  lime  water  becomes  at  first  yellow, 
and  finally  brownish-yellow  when  boiled,  its  characteristic  odour  disappearing 
entirely,  and  giving  place  to  a  caramel-like  odour ;  no  gas  is  evolved.  If  the 
lime  water  be  added  gradually  to  the  boiling  liquid  until  the  coloration  is 
observed,  a  neutral  liquid  is  obtained,  which  is  not  precipitable  by  carbonic 
anhydride ;  and  if  this  be  concentrated  on  the  water  bath,  and  then  exposed 
over  sulphuric  acid  in  vacuo,  there  remains  a  mixture  of  a  yellow  syrup  and 
crystals  of  calcic  formate.  On  treatment  with  absolute  alcohol,  the  former  di8-> 
solves,  and  after  removal  of  the  alcohol,  forms  an  uncrystallizable  sweet  syrup. 
The  composition  of  this  body  was  not  accurately  determined,  but  apparently  it 
contains  proportionally  less  oxygen  than  the  carbohydrates ;  and  inasmuch  as  it  is 
formed  from  a  body  which  probably  has  the  composition  C,H^O,,  if  formic  acid 
is  the  complementary  product  and  not  the  result  of  secondary  reaction,  it 
appears  probable  that  it  does  not  contain  six,  or  some  simple  whole  multiple  of 
six,  atoms  of  carbon,  and  therefore  that  it  does  not  belong  to  the  class  of  carbo- 
hydrates. Methylenitan,  as  this  body  is  termed,  apparently  also  does  not  exhibit 
one  of  the  most  characteristic  properties  of  the  soluble  carbohydrates — that  of 
forming  metallic  derivatives,  for  although  obtained  by  the  action  of  lime  water, 
it  gave  only  a  small  quantity  of  ashes  on  incineration,  and  this  Butlerow  attri- 
butes to  the  presence  of  calcic  formate. 

From  the  above  it  will  be  evident  that  our  knowledge  of  artificially  prepared 
glucoses  is  practically  nil.  We  have  entered  thus  fully  into  an  account  of  what 
has  been  done  in  order  to  point  out  the  great  necessity  of  further  research,  for 
W(B  may  confidently  expect  that  by  working  in  this  direction  much  light  will  be 
thrown  on  the  manner  in  which  the  carbohydrates  are  naturally  produced. 

II.  Carbohydrates  of  the  Composition  C^jH^^Oj,^  or  Saccharons* 

The  carbohydrates  which  are  included  in  this  group  are  all  of 
the  same  empirical  composition  as  cane  sugar^  ^is^sa^ir  They 
are  all  soluble  in  water,  and  with  few  exceptions  crystallize  with 
facility  when  pure ;  like  the  glucoses,  they  are  more  or  less  sweet 
to  the  taste,  but  they  are  much  more  stable  than  the  glucoses  or 
carbohydrates  of  the  composition  C^H^gOg,  and  are  not  directly 
fermentable;  when  submitted  to  the  action  of  certain  "unorganized 


*  On  account,  of  their  great  importance,  and  especially  now  tliat  so  many 
carbohydrates  are  known,  it  appears  highly  desirable  to  have  a  systematic  no- 
menclature enabling  a  distinction  to  be  made  between  the  various  groups ;  a 
description  of  the  system  we  have  ventured  to  em^jloy  will  be  given  later  on  when 
the  various  carbohydrates  have  been  noticed. 
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ferments''  (a  cold  aqueous  decoction  of  yeast,  or  of  malt,  &c.),  or  of 
dilute  acids,  they  are  more  or  less  readily  converted  into  glucoses, 
a  single  molecule  always  yielding  two  molecules  of  glucose  :  the 
two  molecules  of  glucose  being  sometimes  identical,  but  more 
often  exhibiting  diverse  character.  This  conversion  of  a  mole- 
cule of  a  saccharon  into  two  molecules  of  a  glucose,  or  into  two 
different  glucoses,  necessarily  involves  the  assuniption  of  the 
elements  of  a  molecule  of  water,  and  is  indicated  generally  by  the 
equation  :* 

C^H^Oi,  +  OH,  =  C.H,,0,  +   C.HiA- 

(1564)  Sacchabon  or  Cane  Sugar;  Saccharose  or  Sucrose: 
^i2^22^n* — ^^^  sugar  is  very  widely  distributed  throughout  the 
vegetable  kingdom,  occurring  sometimes  alone,  but  more  fre- 
quently mixed  with  invert  sugar ;  it  is  met  with  in  all  parts  of 
plants  :  in  the  root,  stem,  leaves,  flower,  fruit,  and  seed,  but  is 
not  distributed  in  all  plants  alike,  and  occurs  in  proportions 
which  vary  for  each  plant  with  its  state  of  growth.  It  is  very 
abundant  in  the  stem  of  certain  grasses,  especially  in  the  sugar 
cane  {Saccharum  officinarum),  sorgho  grass  (Sorghum  sac* 
charaium),  and  the  young  shoots  of  maize  (Zea  mays).  It  is  also 
abundant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnep, 
especially  in  the  sugar  beet  {Beta  vulgaris) ;  and  also  in  the  juice 
from  the  stems  of  many  kinds  of  palm,  and  of  certain  species  of 
birch  and  maple,  especially  the  sugar  maple.  It  is  manufactured 
almost  exclusively  from  the  sugar  cane  and  sugar  beet. 

Manvfiicture  cf  Cane  Sugar  from  the  Sugar  Cane. — The  sugar  oane  is  a 
solid  jointed  reed  which  grows  to  a  height  varying  from  six  to  fifteen  feet.  It 
is  found  advantageous  to  cut  the  canes  before  they  are  allowed  to  flower,  as  the 
produce  of  sugar  is  much  reduced  after  inflorescence,  and  as  close  to  the  soil  as 
possible,  since  the  juice  contained  in  the  lowest  joints  is  the  sweetest;  according 
to  Peligot,  no  uncrystallizable  (invert  sugar)  is  contained  in  the  fresh  juice  of 
sound  canes,  though  it  occurs  in  decayed  ones,  but  leery,  who  has  specialiy 
studied  this  subject  in  the  Mauritius,  finds  that  even  sound  canes  contain  a 
small  proportion  of  invert  sugar  {Ann.  Chim.  Phyt,  [4],  v.  387).  The  canes 
stripped  of  their  leaves  are  crushed  between  rollers,  and  the  expressed  juice  is 
run  off  to  a  large  tank,  where  it  is  neutralized  by  lime,  and  heated  till  the  scum 
formed  by  the  coagulation  of  the  albuminous  matters  in  the  juice,  and  which  rises  to 
the  top,  b^ns  to  crack.     After  a  time,  the  clear  liquid  is  drawn  off  from  below 


*  The  decomposition  of  the  saccharons  in  this  manner  is  usually  termed  in- 
version, and  the  product  is  spoken  of  as  invert  sugar ;  this  arose  from  the  ob- 
servation that  when  cane  sugar,  which  is  dextrorotatory,  is  thus  decomposed,  it  fur- 
nishesa  product  which  exerts  a  Isevorotatory  action  on  polarized  light  in  consequence 
of  the  kevorotatory  power  of  the  Isevoglucose  produced  being  considerably  greater 
than  the  dextrorotatory  power  of  the  dextroglucose,  which  is  the  complementary 
product  of  the  reaction. 
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the  scum,  and  concentrated  bj  boiling  in  open  copper  pans,  the  impnrities  which 
rise  to  the  surface  being  removed  by  frequent  skimming.  When  the  Byrup  has 
acquired  sufficient  consistence,  it  is  run  into  coolers,  and  allowed  to  stand  till  sugar 
no  longer  crystallizes  out ;  the  same  solid  mass  is  then  put  into  casks  furnished 
with  perforated  bottoms  to  allow  the  syrup  to  drain  away.  The  moist,  yellowish, 
granular  mass  remaining  in  the  casks  fcrms  the  raw  sugar  of  commerce,  which 
consists  of  crystals  of  nearly  pure  sugar,  coated  on  their  surfaces  with  a  film  of 
the  dark  syrup.  By  reboiling  the  syrup  which  drains  from  the  crystals,  a  lower 
quality  of  sugar  is  obtained ;  the  last  mother  liquors,  which  are  known  as 
molasses  or  treacle,  are  thick,  brown,  and  refuse  to  crystallize,  and  are  used  chiefly  . 
for  the  manufacture  of  rum. 

Much  waste  is  incurred  in  the  extraction  of  sugar,  for  according  to  Dumas 
lOO  pts.  of  fresh  eanes  contain  90  pts.  of  juice,  and  of  this  18  or  20  pts.  are 
pure  sugar,  but  on  an  average,  one  gallon  of  juice  furnishes  only  one  pound  of 
sugar,  or  one-tenth  of  its  weight.  Much  of  the  waste  arises  from  the  conversion 
of  the  crystallizable  sugar  into  treacle  or  uncrystallizable  syrup  by  the  high  tem- 
perature and  frequent  boilings  to  which  it  is  subjected ;  but  this  is  almost  entirely 
prevented  by  the  use  of  Fryer's  **  concretor."  Although,  however,  great  im- 
provements have  during  late  years  been  effected  in  the  apparatus  for  boiling  down 
syrups,  they  have  not  yet  been  adopted  to  any  very  great  extent  by  the  manu- 
facturers of  raw  sugar. 

Manufacture  of  Sugar  from  the  Sugar  Beet. — The  manufacture  of  sugar 
from  this  root  was  called  into  existence  by  the  wars  of  Napoleon,  during 
which  the  ordinary  supply  of  the  article  was  cut  off  from  the  French.  So  rapidly 
has  it  grown,  however,  that  of  the  3,278,000  tons  of  sugar  estimated  to  have 
been  produced  in  1873,  no  less  than  1,1 10,000  tons  were  derived  from  the  sugar 
beet.  The  beet  is  chiefly  cultivated  for  this  purpose  in  France  and  Germany, 
although  large  quantities  are  grown  in  other  parts  of  Europe ;  it  contains  on  an 
average  from  7 — 11  per  cent,  of  sugar,  and  sometimes  as  much  as  14  per  cent. 
The  oldest  and  still  most  general  method  of  extracting  the  juice  from  the  roots 
is  to  reduce  them  to  a  fine  pulp,  which  is  then  submitted  to  powerful  pressure ; 
or  sometimes,  however,  the  pulp  is  thrown  into  a  centrifugal  machine,  and  when 
most  of  the  juice  is  expelled,  water  is  added  to  the  residue,  and  the  machine 
again  set  in  action.  The  exhausted  pulp  is  either  employed  while  fresh  as  food 
for  cattle,  or  used  as  manure  for  the  land.  A  more  modern  method  now  largely 
coming  into  use,  which  is  known  as  the  diffusion  process,  consists  in  cutting  the 
roots  into  slices,  and  submitting  these  to  systematic  washing :  the  water  which 
has  been  for  some  time  in  contact  with  one  portion  of  roots,  and  which  has  dis- 
solved a  certain  amount  of  sugar,  being  run  on  to  a  fresh  portion  of  roots,  while 
its  place  is  taken  by  fresh  water,  four  to  six  changes  being  made  in  this  manner, 
the  solution  which  has  been  in  contact  with  one  portion  of  roots  being  always 
transferred  to  a  less  exhausted  portion,  so  that  it  continually  undergoes  concen- 
tration. The  great  advantage  of  this  process  is  that  it  yieldn  a  solution  com- 
paratively free  from  albuminoid  and  gummy  matters,  as  these  cannot  pass  by 
diffusion  out  of  the  unbroken  cells,  although  the  sugar  readily  ^lenetrates  through 
their  walls. 

The  juice  is  run  into  tanks,  where  it  is  moderately  heated  by  steam,  and  mixed 
with  a  certain  quantity  of  lime,  varying  from  J  to  3  lbs.  for  each  100  lbs.  of 
roots  taken ;  the  mixture  is  then  further  heated  until  the  scum  breaks,  the  clear 
liquid  from  below  the  scum  is  drawn  off  into  another  tank,  and  carbonic  anhy- 
dride is  pumped  into  it  until  the  lime  in  solution  is  nearly  all  precipitated.  By 
heating  with  lime  in  this  manner  a  number  of  impurities  are  removed  from  the 
juice,  and  others  are  precipitated  with  the  calcic  carbonate.  The  "  thin  "  symp 
is  now  filtered  through  animal  charcoal,  and  boiled  down  in  a  partial  vacuum  to 
about  20**  Beaum^,  when  it  is  again  filtered  through  animal  charcoal,  and  finallj 
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concentrated  to  the  crjstallizing  point  in  a  vacnum  apparatus.  The  crystals 
vfhlch.  form  on  standing  are  separated  from  the  syrup  by  the  aid  of  the  cen- 
trifugal machine,  and  by  boiling  down  the  syrup,  &c,,  a  second  and  third  crop 
of  cr3'stal8  i3  obtained;  finally  nothing  remains  but  uncrystallizable  molasses. 
In  France,  a  good  deal  of  the  molasses,  which  is  inferior  to  that  of  the  cane,  is 
fermented,  and  furnishes  a  considerable  quantity  of  spirit,  amounting  in  weight  to 
nearly  one- third  of  the  treacle  employed.  After  distilling  off  the  spirit,  the  re- 
sidue is  evaporated  to  dryness,  and  then  incinerated  for  the  sake  of  the  salts  it 
yields,  which  consist  principally  of  potassio  and  sodic  carbonates  with  a  small 
proportion  of  potassic  sulphate  and  chloride ;  by  this  means,  the  large  proportion 
of  soluble  saline  matters  which  heet  root  contains  is  economized. 

Mefining  of  Cane  Sugar^ — Kaw  cane  sugar,  although  often  mixed  with 
mechanical  impurities,  has  a  pleasant  taste ;  but  the  raw  sugar  from  beet  has  a 
strong,  unpleasant  odour,,  and  is  uneatable.  The  same  method  is  followed  in 
refining  both  varieties.  The  raw  sugar  is  first  "  melted,"  i.e.,  dissolved,  in  about 
half  its  weight  of  water,  by  the  aid  of  heat  and  agitation,  and  the  hot  liquid  is  then 
transferred  to  a  filtering  apparatus  consisting  of  a  number  of  twilled  cotton  bags, 
called  Taylor's  filters,  where  it  is  freed  from  mechanical  impurities.  The  reddish 
syrup  which  has  run  through  the  filters  has  next  to  be  freed  as  much  as  possible- 
from  colouring  matter,  and  for  this  purpose  it  is  filtered  through  animal  char^ 
€oaL  The  filters  consist  of  large  iron  vats,  twelve  or  fourteen  feet  deep,  and 
sometimes  much  deeper ;  at  an  inch  or  two  from  the  bottom  there  is  a  perfo- 
rated false  bottom,  upon  which  a  blanket  is  spread,  and  above  this  coarsely 
powdered  animal  charcoal  to  within  about  a  foot  of  the  top  of  the  vat.  The 
filtered  decolorized  syxup  is  now  boiled  down,  but  as  the  cane  sugar  quickly 
nndergoes  inversion  at  the  temperature  at  which  so  concentrated  a  solution 
boils  under  the  ordinary  pressure  (220° — 230°  F.),  it  is  evaporated  under 
reduced  pressure  in  a  va4mum  pam..  This  is  a  closed  pan  or  boiler  of  copper,, 
constructed  of  &  spheroidal  form,  in  order  to  enable  it  to  resist  the  pressure  of 
the  external  atmosphere ;  the  lower  half  is  double,  for  the  purpose  of  admitting 
steam  between  the  coatings,  and  there  are  several  helices  of  copper  steam  pipe 
within  the  boiler,  with  a  view  of  increasing  the  extent  of  heating  surface.  It  is. 
connected  by  a  wide  copper  neck  with  a  condenser,  which  is  in  communication 
with  an  air  pump,  and  it  is  also  provided  with  an  inlet  for  the  syrup  which  is^ 
to  be  boiled,  and  there  is  an  outlet,  which  can  be  closed  by  a  valve,  at  its  lower- 
most part  for  the  withdrawal  of  the  charge.  The  boiling  can  be  watched  through 
a  small  plate-glass  window  in  the  side  of  the  pan,  and  there  is  also  an  arrange- 
ment by  which  a  sample  of  the  syrup  can  be  withdrawn  at  any  moment.  A 
partial  vacuum  being  established,  a  cock  is  opened  and  sufficient  of  the  filtered 
decolorized  syrup  sucked  in  to  cover  the  bottom  steam  coil,,  in  which  steam  is  then 
turned  on.  In  a  few  minutes  the  liquid  is  seen  to  boil,  and  the  exhaustion  is 
so  regulated  that  this  takes  place  at  about  130° — 140°  F.  The  evaporation  is 
continued  until  the  workman  in  charge  of  the  ,pan  judges  that  the  solution  is 
sufficiently  concentrated,  which  he  ascertains  by  placing  a  drop  between  his 
thumb  and  finger,  and  drawing  it  out  to  a  thread :  the  desired  concentration 
being  reached  in  the  case  of  a  good  sugar  solution  when  it  gives  a  thread  at 
least  three-quarters  of  an  inch  long.  A  small  quantity  of  the  unboiled  syrup  is 
then  sucked  in,  which  soon  causes  crystals  to  separate  from  the  supersaturated 
solution  in  the  pan,  and  when  crystals  have  ceased  to  deposit,  frenh  syrup  is 
drawn  in  and  boiled  down  as  before :  the  sugar  in  this  fresh  portion  of  syrup, 
however,  as  the  solution  is  concentrated,  is  mostly  deposited  on  the  crystab  already 
formed.  In  this  manner  fresh  quantities  of  syrup  are  drawn  iu  at  inter- 
vals, and  concentrated,  until  the  pan  is  fully  charged,  after  which  the  heating  is 
continued  for  a  certain  length  of  time,  which  varies  according  to  the  form  of 
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• 
sugar  it  is  desired  to  produce.  The  size  of  the  crystals  eventually  obtained 
mainly  depends  on  the  quantity  at  first  formed,  being  larger  the  fewer  there  are 
at  the  beginning.  If  loaf  sugar  is  to  be  made,  eare  is  taken  to  produce  onlj 
Etmall  crystals,  and  when  the  pan  is  fully  charged  its  contents  are  heated  to 
about  170^ — 180°  F.,  either  in  the  pan  itself,  or  in  a  separate  boater,  and  the  hot 
mixture  of  crystals  and  synip  is  then  transferred  to  conical  iron  moulds,  A.fter 
stirring  the  mass  to  favour  the  escape  of  air  bubbles,  and  the  regular  settlement 
of  the  crystals,  the  whole  is  left  at  rest  for  at  least  twelve  hours,  during  which 
time  the  crystals  settle  down,  and  as  the  liquor  cools  fresh  sugar  is  deposited  and 
firmly  cements  them  together.  The  plug  which  closes  the  aperture  at  the  apex 
of  tlie  mould  is  then  withdrawn,  and  a  pricker  driven  a  few  inches  into  the  solid 
sug^  to  make  a  channel  for  the  syrup  to  drain  away ;  the  sugar,  however,  is  not 
yet  white,  for  though  the  crystals  consist  of  colourless  sugar,  the  loaves  retain 
mechanically  a  large  quantity  of  coloured  syrop.  In  order  to  get  rid  of  this,  a 
quantity  of  fine  colourless  syrup  is  poured  npon  the  base  of  each  loaf,  which 
gradually  displaces  the  impurities  as  it  percolates  through  the  loaf.  The  loaf  is 
finally  dried  in  a  heated  chamber,  and  finished  for  the  market  by  turning  it  in  a 
lathe.     The  sugar  so  made  is  almost  absolutely  pure. 

The  syrup  which  drains  from  the  loaves  Lb  boiled  down  again  in  the  vacuum 
pan,  and  is  (Stained  in  the  form  of  what  is  termed  crushed  sugar  or  pieces, 
which  is  freed  from  the  syrup  by  means  of  a  centrifugal  machine.  This  syrup  is 
again  treated  in  a  similar  maimer,  and  yields  a  still  less  pure  sugar,  the  syrup 
from  which  constitutes  refiners'  molasses^  or  treacle. 

In  the  manufacture  of  cane  sugar  in  large  distinct  crystals,  the  crystallization 
of  the  first  portion  of  syrup  boiled  down  in  the  pan  is  so  regulated  as  to  form 
only  a  relatively  small  number  of  crystals,  and  the  subsequent  boilings  are 
carried  on  at  a  somewhat  higher  temperature  and  more  slowly  than  when  loaf 
sugar  is  to  be  made.  The  crystals  are  freed  from  syrup  by  a  centrifugal  machine, 
and  are  sometimes  washed  with  a  small  quantity  of  water  while  the  drum  of  the 
machine  is  still  revolving. 

Refiners'  treacle  still  eon  tains  a  considerable  amount  of  cane  sugar,  amount- 
ing to  about  35  per  cent,  when  made  from  sugar  cane,  and  to  as  much  as  50  per 
cent,  when  made  from  beet ;  this  is  prevented  from  crystallizing  mainly  by  the 
presence  of  the  impurities  derived  from  the  raw  sugar.  That  from  colonial 
sugar  also  contains  a  large  amount  (about  30  per  cent )  of  invert  sugar,  from 
which  that  prepared  from  beet  is  comparatively  free;  the  latter,  however,  is  very 
rich  in  saline  matters,  yielding  from  12 — 13  per  cent,  of  ashes,  whereas  average 
refiners'  treacle  from  raw  sugar-cane  sugar  yields  only  about  half  as  much.  The 
beet  treacle  is  also  considerably  the  richer  in  organic  matters  other  than  eane  and 
invert  sugar.  The  salts  of  potash,  which  are  largely  contained  in  the  treacle, 
exercise  great  influence  in  preventing  the  crystallization  of  the  sugar,  and  their 
removal  from  the  syrup  is  therefore  of  importance.  Messrs.  Duncan  and  Newlanda 
have  recently  patented  a  process  for  this  purpose,  based  on  the  fact  that  alum  is 
but  slightly  soluble  in  cold  syrup.  It  consists  iu  adding  to  a  cold  concentrated 
solution  of  raw  sugar,  or  of  a  syrup  containing  not  less  than  1*5  per  cent,  of 
potash,  a  su£^cient  amount  of  a  strong  solution  of  aluminic  sulphate  to  convert 
all  the  potash  present  into  sulphate,  and  to  combine  with  the  potassic  sulphate 
so  formed.  On  standing,  the  alum  crystallizes  out.  The  clear  liquor,  which  is 
strongly  acid,  and  which  contains  much  alumina  in  solution,  is  drawn  off  and 
neutralized  with  lime  or  chalk,  boiled,  filtered,  and  then  again  filtered  through 
animal  charcoal  in  the  usual  way.  This  process  reduces  the  potash  present  to 
about  one-half  per  cent,  on  the  weight  of  the  syrup,  but  it  has  the  additional 
advantage  of  removing  nitrogenous  matters  from .  the  solution,  as  these  are 
curried  down  with  the  alumina  precipitated  on  neutralization. 
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Cane  sugar  crystallizes  from  a  concentrated  aqueous  solution 
on  slow  evaporation  in  large  colourless  monoclinic  prisms,  gene- 
rally with  hemihedral  faces;  the  crystals  are  hard,  and  grate 
between  the  teeth.  It  has  a  sp.  gr.  of  about  i-6.*  It  dissolves  in 
less  than  half  its  weight  of  water  at  ordinary  temperatures,  and  still 
more  easily  in  hot  water,  forming  a  syrupy  liquid;  but  it  is 
insoluble  in  ether  and  cold  anhydrous  alcohol,  and  only  slightly 
soluble  in  anhydrous  boiling  alcohol. 

The  apparent  specific  rotatory  power  of  cane  sugar  in  aqueous 
solution  is  variously  stated,  but  the  most  reliable  observations 
with  solutions  containing  finom  lo  to  20  per  cent,  of  sugar  give 
the  values  [a]j  =  73^ — 73°'*«  According  to  De  Luynes  and  Girard, 
however,,  it  is  slightly  higher — viz.,  for  a  solution  containing 
about  16  per  cent,  by  weight,  [a]»=67°'3ii  hence  by  calculation 
[o]j= 74^04  (comp.  ToUens,  Deut.  chem.  Ges.  Ber.,  ix.  493). 
Calderon  (Compt.  Rend.,  Ixxxiii.  393)  has  obtained  the  values 
[a]„=67°'i5  and  [a]j  =  73^*aO',  both  by  direct  observation.  Ap- 
parently it  is  independent  of  the  temperature  (Tuschmidt,  Journ, 
pr.  Chem,  [z],  ii.  243)  ;  and  it  is  usually  supposed  that  it  does  not 
vary  with  the  concentration,  but  this  does  not  appear  to  have  been 
established  by  an  exact  series  of  experimente  (comp.  Hesse,  Ann, 
Chem,  Pharm.,  dxxvi.  95).  The  rotatory  power  of  a  freshly 
prepared  solution  i»  not  altei-ed  by  standing  or  by  heating- 
Cane  sugar  melts  at  about  160°  (330^  F.)  to  a  clear  liquid, 
and  on  cooling  form»  the  transparent  amber-coloured  solid  sold  as 
barley-wigar,  which  gradually  becomes  opaque  and  crystalline 
when  kept :  this  amorphous  sugar  has  a  much  lower  melting" 


*  C^ne  ftugar  in  solution  has  the  sp^  gr.  V626  at  15^*5  (j6o'*'  F.>,  as  may  be 
calculated  in  the  Ibllowing  manner.  A  solution  of  10  grams  sogar  in  100  cc. 
at  15^*5  (6o°F.)ha»  at  this  temperature  the  sp.  gr.  1*0385;  the  weight  of 
water  in  100  00.  of  the  solution  is  therefore  103*85'- 10  =  93*85,  and  hence 
the  volume  occupied  by  the  10  grams  sugar  is  100  — 93*85  =  6*15,  and  the 
sp.  gr.  of  the  sugar  io-^6*i5  =  i'626.  O'Sullivan  finds  that  sucrodextrose, 
invert  sugar,  maltose,  dextrin,  and  soluble  starch  have  the  same  sp.  gr.  as  cane 
sugar  in  solution ;  and  it  is  therefore  not  unlikely  that  this  will  be  found  to  be 
the  case  for  the  carbohydrates  generally.  This  fact  is  of  considerable  practical 
importance  as  the  amount  of  solid  matter  in  a  solution  of  carbohydrates  may  be 
ascertained  if  the  sp.  gr.  at  15**5  (60*  F.)  be  determined  by  merely  dividing  the 
weight  above  water  by  '00385.  The  most  complete  tables  of  the  detwities  of 
aqueous  solutions  of  cane  sugar  of  different  strengths  hare  been  published  by 
Mategczeck:  Zeitschrift  des  Vereins  fur  Ruhenzucker-Industrie,  1865,  583; 
1874,  843  ;  Scheibler :  t6irf.,  1870,  269  ;  1874, 950  ;  and  Qerlach :  ibid.,  1863, 
283;  1864,  354;  1865,  23.  The  solubility  of  sugar  in  alcohol  of  different 
strengths  and  at  different  temperatures  has  been  carefully  determined  by 
Scheibler  (Z>e«/.  chem,  Qes,  Ber,,  v.  343).  r^^^^T^ 
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point  than  the  crystalline  modification.  If  the  temperature  be 
maintained  for  some  time  at  about  the  melting-point,  the  sugar  is 
converted  without  loss  of  weight  into  a  mixture  of  sucrodextrose 
and  IsBvulosan  :  Ci2Hj,20n=C^Hi20g+CgHi^j05.  At  a  higher  tem- 
perature water  is  given  oflF,  the  dextrose  apparently  undergoing 
alteration,  and  at  about  aio°  {410°  F.)  so-called  caramel  is  pro- 
duced, which  probably  is  a  mixture  of  several  bodies  formed  by 
the  withdraw^  of  the  elements  of  water  from  the  dextrose  and 
Isevulosan ;  it  is  a  brown,  very  hygroscopic,  almost  tasteless  mass. 
On  further  heating,  an  inflammable  gaseous  mixture  is  given  oflF, 
consisting  of  carbonic  oxide,  carbonic  anhydride,  and  methane,  and 
a  distillate  is  obtained  containing  acetic  acid,  aldehyde,  acetone^ 
furfurol,  and  other  substances  not  yet  identified,  whilst  a  porous, 
glistening,  carbonaceous  mass  remains  in  the  retort. 

A  number  of  metallic  derivatives  of  cane  sugar  are  known, 
but  th^ir  composition  is  not*  yet  satisfactorily  established; 
although  much  more  stable  than  the  corresponding  derivatives  of 
the  glucoses,  they  are  decomposed  even  by  carbonic  acid.  Thus, 
on  adding  a  concentrated  solution  of  potassic  or  sodic  hydrate  to 
an  alcoholic  solution  of  sugar,  white  gelatinous  precipitates, 
CigHgjKO^i  and  CigHg^NaOn,  are  thrown  down;  and  on  mixing 
concentrated  solutions  of  baric  hydrate  and  of  sugar,  a  crystalline 
precipitate  is  obtained,  having  '  the  composition  C^H^Bb,0^^, 
which  may  be  recrystallized  from  boiling  water,  separating  from 
it  in  brilliant  scales  resembling  crystallized  boric  acid.  Again, 
calcic  hydrate  is  far  more  soluble  in  a  sugar  solution  than  in 
pure  water.  According  to  Peligot,  the  compound  CigHg^CaOj^ 
is  thrown  down  from  a  solution  containing  not  too  much  lime, 
on  the  addition  of  alcohol,  as  a  white  precipitate  which  dries  to 
a  gum-like  resinous  mass ;  Benedikt  {Deut.  chem,  Ges.  Ber.,  vi. 
413)  has  prepared  this  compound  in  a  similar  manner,  and  states 
that  jrfter  drying  at  100°  (aia°  F.)  it  has  the  composition 
CjgHgQCaOji,  but  that  it  contains  aOHg  in  addition,  if  only 
dried  in  vacuo;  it  is  extremely  soluble  in  water,  but  on 
heating  the  solution  it  becomes  turbid  from  the  separation  of 
the  compound  C^gHg^CagOj^  which  redissolves,  however,  as  the 
solution  cools.  The  latter  compound  may  be  prepared  by 
boiling  a  solution  of  sugar  which  has  been  saturated  with  lime, 
separating  as  an  opaque  gelatinous  mass.  It  is  said  that  the 
dicalcium  derivative,  C^^}i^CeLfi^^'\- 2011^,  is  precipitated  from  a 
similar  solution  on  the  addition  of  alcohol.* 


reduced  by 


According  to   Dubranfaut,  the  rotatory  power  of  a  ijtugar  eolation   is 
d  by  13  per  cent,  if  one  molecular  proportion  of  calcic  hydrate,  by  26  per 
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Judging  from  the  behaviour  of  the  polyhydric  alcohols,  such 
as  dulcitol  and  mannitol,  in  which  the  hydrogen  in  the  OH 
group  appears  to  be  only  partially  displaceable  by  the  more 
positive  metals^  if  the  formulse  assigned  to  these  calcium  deri- 
vatives correctly  represent  their  composition^  it  is  not  improbable 
that  in  their  formation  the  hydrogen  in  sugar  is  displaced  by  the 
monad  group  Ca.OH,  and  not,  as  in  the  formation,  for  example, 
of  anhydrous  calcic  sulphate  from  sulphuric  acid,  merely  by 
calcium  :  in  other  words,  that  the  calcium  atoms  do  not  displace 
an  equivalent  number  of  hydrogen  atoms,  but  only  half  the 
number.  The  formulae  of  the  barium  and  calcium  derivatives 
above  mentioned  may  on  this  assumption  be  written  in  the 
following  manner : 

C^H„(Ba.OH)0„  ;  C„H,i(Ca.OH)0,i  j  Ci,Hi,(Ca.OH),0„. 

The  majority  of  the  metallic  derivatives  of  the  carbohydrates  are 
probably  bodies  of  similar  composition.  A  crystalline  lead  deri- 
vative, which,  after  drying  at  170°  {338°  F.)  in  vacuo,  has  the 
composition  CjjHjgPbgOjp  may  be  obtained  either  by  boiling  a 
solution  with  plumbic  oxide,  and  allowing  the  filtrate  to  cool ;  or 
by  precipitating  a  concentrated  solution  of  sugar  with  an  ammo- 
niacal  solution  of  plumbic  acetate,  dissolving  the  precipitate  in 
boiling  water,  and  allowing  it  to  crystallize.  It  forms  white 
nodules  (Peligot). 

cent*  if  two  molecular  proportions  of  calcic  hydrate  be  dissolved  in  it;  on 
neutralizing  the  solution  with  an  acid,  it  recovers  its  rotatory  power,  however. 
The  solution  also  loses  13  per  cent,  of  its  rotatory  power  on  addition  of  one 
molecular  proportion  of  potas-sic  hydrate,  but  no  more  when  a  larger  quantity  is 
added ;  hence  there  is  probably  but  one  definite  potassium  derivative  of  cane 
sugar  which  can  exist  in  aqueous  solution.  Sostmann  (Zeits,  f,  Ruhenzucher 
In,,  1866,  82,  272)  states,  however,  that  the  effect  produced  by  the  carbonate 
and  hydrate  of  potassium  and  sodium  is  greater  in  concentrated  than  in  dilute 
sc^utions. 

According  to  recent  experiments  of  Miintz  {Compt.  Rend,,  Ixxxiii.  1334),  a 
large  number  of  salts  of  the  alkali  and  alkaline  earth  metals  reduce  the  rotatory 
power  of  cane  sugar,  bat  in  very  different  proportions,  the  most  active  salts  being 
the  chloride,  carbonate  and  borate  of  sodium,  and  potassic  carbonate ;  the  salts  of 
metals  such  as  lead  and  zinc  have  little  or  no  influence.  In  the  case  of  sodio 
chloride,  the  presence  of  2*5,  5,  10,  20,  and  25  grams  in  100  cc.  of  solution 
containing  10  grams  sugar,  was  found  to  reduce  the  rotatory  power  from  67°  to 
66°'7,  66°*2,  65°"3,  63°7,  and  62***8,  and  practically  the  same  results  were 
obtained  with  solutions  containing  five  and  twenty  grams  of  sngar.  MUutz  has 
also  examined  the  influence  of  lime,  and  finds  that  the  addition  of  '409  gram  CaO 
to  a  solution  of  10  grams  sugar  in  100  cc  reduces  the  rotatory  power  from  67 ** 
to  64**4;  that  twice  the  amount  of  lime  reduces  it  to  6i®'3  j  three  times  the 
amount  to  56^*9 ;  and  four  times  the  amount  to  54^*8.  These  results  obviously 
do  not  agree  with  Dubrunfaut's.  f^^^r^T^ 
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When  cane  sugar  is  warmed  with  an  excess  of  acetic  anhy- 
dride^ a  vigorous  action  takes  place^  which^  when  once  established^ 
continues  spontaneously ;  the  product^  after  washing  with  water 
and  drying,  is  a  gum-like  amorphous  mass  of  the  composition 
C^ffl^^{C^Il^O^)^0^.  By  prolonging  the  action  of  the  anhydride, 
an  octacetate,  C-^^'R^^{C^}lfi^fi^  having  similar  properties,  is 
finally  obtained  (Schiitzenberger). 

Cane  sugar,  like  sucrodextrose,  combines  with  sodic  chloride, 
forming  the  compound  C^<2H3gOj^.NaC1.20H2,  which  with  some 
difficulty  is  obtained  crystallized  in  prisms  terminated  by 
pyramids.  It  also  combines  with  sodic  iodide,  the  compound 
2CijH22O11.3NaI.3OH2,  crystallizing  with  the  greatest  readiness 
from  solutions  containing  a  moderate  excess  of  the  iodide,  in  large 
transparent  monoclinic  prisms,  which  can  be  recrystallized  as  often 
as  desired  from  water  or  aqueous  alcohol  without  suffering  de- 
composition. A  solution  of  these  crystals  has  the  rotatory  power 
corresponding  to  the  amount  of  sugar  present  (Gill,  Joum.  Chem, 
Soc,  xxiv.  269). 

Cane  sugar  is  much  less  readily  acted  upon  by  alkalies  than 
the  glucoses,  but  on  the  other  hand  it  is  extremely  sensitive  to  the 
action  of  acids.  Thus,  when  boiled  with  a  moderately  concentrated 
solution  of  potassic  or  sodic  hydrate,  the  liquid  only  slowly  becomes 
of  a  yellow,  and  later  on  of  a  brown  colour.  If  it  be  heated  with 
potassic  hydrate  and  only  a  small  quantity  of  water,  the  mixture 
becomes  at  first  brown,  but  is  afterwards  decolorized  and  evolves 
hydrogen,  and  then  contains  a  large  quantity  of  potassic  oxalate. 
On  heating  it  in  sealed  tubes  to  150^  (482^  F.)  with  water  and 
2 — 3  pts.  baric  hydrate,  it  yields  70 — 80  per  cent,  of  its  weight 
of  lactic  acid,  and  small  quantities  of  carbonic  and  oxalic  acids, 
and  of  an  acid  which  furnishes  a  zinc  salt  soluble  in  alcohol 
(Schiitzenberger,  Deut.  chem.  Ges,  Ber.,  ix.  448).  If  a  mixture 
of  3  pts.  quicklime  and  i  pt.  sugar  is  distilled,  a  large  quantity  of 
inflammable  gas  is  evolved,  and  a  distillate  is  obtained  consisting 
of  a  watery  and  an  oily  layer;  the  former  contains  acetone, 
together  with  a  small  quantity  of  acetic  acid,  and  the  latter  con- 
tains metacetone,  C^H^qO  (b.p.  S^° — 84°  C),  isopharone,  CgHg^O 
(b.p.  210°  C),  and  bodies  of  higher  boiling  point.  Probably 
the  sugar  is  resolved  into  acetone,  methane,  carbonic  anhydride, 
and  water,  and  the  metacetone  and  isophorone  are  products  of 
condensation  of  the  acetone  (Benedikt,  Ann,  Chem.  Pharm,,  clxii. 

303)- 

Cane  sugar  is  converted  by  very  long  boiling  with  water  into 

a  mixture  of  equal  proportions  of  sucrodextrose  and,  sucrolavu- 
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lose  :*  CijHjgOii  +  0H2= CgHigOg  +  CgHj^g.  This  change  (inver- 
sion) takes  place  even  at  ordinary  temperatures  in  the  presence  of 
acids^  especially  of  hydrochloric  and  sulphuric  acids^  and  is  almost 
instantaneously  effected  on  heating  a  solution  containing  a  small 
percentage  of  either  of  these  acids  to  65° — 70°  (149° — 158°  F.), 
and  without  coloration  of  the  liquid. 

The  rate  at  which  inv^ersion  proceeds  depends,  however,  not  only  on  the 
temperature,  bat  alflo  on  the  natare  of  the  aeid,  and  the  relative  amounts  of 
sugar  and  acid  contained  in  the  solution. 

It  is  more  rapid  the  higher  the  temperature,  hut  the  law  of  variation  is 
unknown ;  and  the  mineral  acids  are  far  more  active  than  the  organic  acids, 
acetic,  tartaric,  and  citric  acids  having  but  little  influence  at  ordinary  tempera- 
tures. According  to  Fleury  (Ann.  Chim,  Phys,  [5],  vii.  381),  at  a  tempera- 
ture of  18° — 24®  (64°-4 — 75®-2  F.),  hydrochloric  acid  acts  more  rapidly  than 
the  equivalent  amount  of  sulphuric  acid,t  and  sulphuric  more  rapidly  than 
phosphoric  acid ;  but  arsenic  acid  has  a  greater  effect  than  the  equivalent  quan- 
tity of  phosphoric  acid.  For  solutions  containing  the  same  amount  of  a  given  acid, 
but  varying  amounts  of  sugar,  the  rate  of  change  at  Tiny  moment  appears  to  be 
proportional  to  the  amount  of  undecomposed  sugar  exinting  in  the  liquid  ;  but  if 
the  amount  of  sugar  be  the  same  and  the  amount  of  acid  vary,  the  inversion 
does  not  take  place  at  an  increasing  rate  proportional  to  the  increase  in  the 
amount  of  acid,  but  at  a  much  greater  rate. 

Certain  salts  also  assist  inversion,  but  apparently  this  is  to 
be  attributed  to  the  action  of  the  acid  formed  by  their  decomposi- 
tion when  dissolved  in  water.}  Most  remarkable^  however,  is  the 
influence  of  a  cold   aqueous  decoction  of  yeast  free  from  yeast 


*  The  manner  in  which  the  Isevulose  may  be  isolated  from  the  product  has 
already  been  described  (p.  584) ;  the  dextrose  may  be  obtained,  after  removal  of 
the  acid,  by  evaporating  the  solution  to  a  thin  syrup,  and  allowing  this  to  stand, 
when,  sooner  or  later,  crystals  are  formed,  which  may  be  purified  in  the  manner 
we  have  described  when  speaking  of  the  preparation  of  sucrodextrose  from 
honey. 

t  It  has  been  stated  that  sulphuric  acid  acts  more  rapidly  than  hydrochloric 
add. 

%  In  order  to  test  the  theory  that  certain  salts  undergo  decomposition  when 
dissolved  in  water,  Fleury  has  compared  the  effect  of  several  lUilts  on  the  inversion 
of  cane  sugar  solutions  with  that  of  the  corresponding  acids,  and  has  obtained 
results  of  considerable  interest.  In  an  experiment  with  hydric  potassic  sulphate, 
KIISO4,  he  found  that  the  influence  of  this  salt  was  only  equal  to  that  of  about 
i-ioth  the  quantity  of  acid  which  would  be  formed  supposing  it  were  entirely 
converted  on  solution,  into  sulphuric  acid  and  normal  potassic  sulphate; 
similarly,  the  action  exercised  by  aluminic  sulphate  was  equal  to  less  than  I- 50th 
part  of  that  of  the  sulphuric  acid  equivalent  to  the  amount  of  salt  taken. 
Quinine  sulphate  and  hydrochloride,  morphine  hydrochloride,  and  a  mixture  of 
Bodic  acetate  with  the  equivalent  amount  of  hydrochloric  acid,  were  entirely 
without  action  ;  this  last  observation  is  of  interest  as  a  further  proof  that  a  salt 
like  sodic  acetate  is  entirely  decomposed  when  a  strong  acid,  such  as  hydrochloric 
acid,  is  added  to  its  solution.  A  more  extended  series  of  obaeryations  according 
to  this  method  would  be  of  considerable  value.  ^  j 
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cella  and  of  malt  extract,  saliva,  pancreatic  juice,  and  many  other 
substances  of  animal  and  vegetable  origin,  Which  rapidly  effect 
the  inversion  of  sugar  even  at  ordinary  temperatures,  but  especially 
at  temperatures  slightly  higher,  not  exceeding  blood  heat ;  the 
action  of  these  substances  is  due  to  certain  unstable  nitrogenous 
bodies  which  they  contain,  but  as  yet  no  satisfactory  explanation 
has  been  given  of  the  manner  in  which  these  *'  unorganized  fer- 
ments," as  they  are  generally  termed,  induce  the  decomposition 
of  cane  sugar  by  water. 

The  inversion  of  a  cane  sugar  solution  is  attended  with  a  con- 
traction in  volume  (comp.  Chancel,  Compt.  Rend.,  Ixxiv.  876),  and 
also  with  development  of  heat  (Fleury,  loc,  cit,,  p.  404).  There 
is  also  an  increase  in  the  specific  gravity  of  the  liquid :  thus,  a 
solution  containing  at  15^' 5  (59°"9  F.)  10  grams  cane  sugar  in 
100  cc.  has  at  this  temperature  the  sp.  gr.  1-0385,  but  a  solution 
of  the  invert  sugar  from  10  grams  cane  sugar  (io'5a6  grams)  in 
100  cc.  has  the  sp.  gr.  1*0405.  Moreover,  as  the  inversion  pro- 
ceeds, the  dextrorotatory  power  of  the  liquid  gradually  diminishes, 
and  at  a  certain  point  the  solution  is  apparently  optically  inactive, 
but  it  soon  begins  to  exhibit  lavorotatory  action  :  this,  as  we  have 
already  stated,  is  because  the  leevorotatory  action  of  sucrolaevulose 
is  much  greater  than  the  dextrorotatory  action  of  sucrodextrose — 
viz.,  in  about  the  proportion  of  106  :  58  at  14°  {57°'2  F.).  For 
example,  a  solution  of  16.19  g]*&^s  cane  sugar  in  toocc.  requires 
for  compensation  100  divisions  of  the  Soleil-Duboscq  scale,  but 
to  compensate  after  its  inversion,  if  the  reading  be  taken  at 
qO  (2  2°  F.),  it  is  necessary  to  shift  the  scale  about  44  divisions 
from  the  zero  point  in  the  opposite  direction.* 

It  is  important  to  notice  that  the  mixture  of  dextrose  and 
Isevulose  formed  on  inversion  is  liable  to  change  if  the  heating 
be  continued  after  the  inversion  is  complete ;  indeed,  O^SulUvan 
finds  (private  communication)  that  if  heated  for  a  considerable 
length  of  time,  the  solution  not  only  becomes  slightly  coloured, 
but  its  sp.  gr.  increases,  while  its  optical  activity  and  cupric  oxide 
reducing  power  diminish.     Thus,  the  sp.  gr.  of  the  solution  of  the 


*  As  the  apparent  specific  rotatory  power  of  sacrodeztrose  is  known,  we  may 
readilj  calculate  that  of  sucrolsBvulose  from  the  observation  of  the  rotatory  power 
of  a  solution  of  invert  sugar.  For  example,  a  solution  of  10*526  grams  of 
invert  sugar  in  100  cc.  is  found  at  the  ordinary  temperature  to  have  the  specific 
rotatory  power  [a]j  =  —  22*'-8,  but  as  only  one-half  the  matter  in  solution  exer- 
cises laevorotatory  action,  this  number  must  be  doubled,  and  therefore  becomes 
—  45°'6;  obviously  to  this  must  now  be  added  the  apparent  specific  rotatory 
power  of  sucrodextrose — viz.,  [0]^  =  58°  (about),  and  we  thus  obtain  the  value 
[o]|j  =  —  io3**'6  as  the  apparent  specific  rotatory  power  of  sucroljewiloBe.  j 
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invert  sugar  from  lo  grams  cane  sugar  in  lOO  cc.  being  1*0405, 
and  its  specific  rotatory  power  calculated  on  the  total  matter  in 
solution  [a]j  =  —  ;za°"8,  he  observed  an  increase  of  the  sp.  gr.  to 
1*0430, — which  is  equivalent  to  11*17  grams  of  solid  matter  in 
the  100  cc. — and  at  the  same  time  the  specific  rotatory  power 
was  reduced  to  [a]j  =  —i;z°7,  and  the  cupric  oxide  reducing  power 
diminished  fix)m  105*26  to  85 — 90.  It  would  appear,  therefore, 
that  either  the  dextrose  or  Isevulose,  or  perhaps  both,  undergo 
further  hydration ;  the  nature  of  the  body  or  bodies  which  are 
formed  has  yet  to  be  ascertained,  but  from  preliminary  experi- 
ments, O^SuUivan  believes  that  the  product  does  not  reduce  an 
alkaline  cupric  solution,  neither  is  it  fermentable.^ 

Grote  and  Tollenshave  shown  (Ann.  Chem.  Pharm.,  clxxv.  181) 
that  if  a  more  concentrated  sulphuric  acid  solution  be  employed, 
the  invert  sugar,  or  rather  principally  one  of  its  constituents — 
the  laevulose — ^undergoes  still  more  profound  change.  Thus,  if  a 
mixture  of  400  grams  cane  sugar,  400  grams  sidphuric  acid, 
and  4300  grams  water  be  heated  to  boiling  during  several  days, 
a  considerable  amount  of  black  humus-like  matter  separates,  and 
the  solution  contains  formic  and  Isevuliuic  acids,  together  with 
humus-like  substances  and  sucrodextrose.  Lsevulinic  acid,  C^HgOj, 
below  II®  (5i°'8  F.)  crystallizes  in  scales  resembling  crystallized 
acetic  acid ;  it  is  monobasic,  and  furnishes  a  series  of  crystalline 
salts,  of  which  the  silver  salt  is  the  most  characteristic.  It  boils 
at  about  260^  (500®  F.)  ;  water  dissolves  it  in  all  proportions,  and 
the  solution  is  optically  inactive ;  when  heated  at  100°  (21a®  F.) 
with  a  5  per  cent,  solution  of  sulphuric  acid  it  is  but  little  affected. 
On  treating  dextrose  in  a  similar  manner,  very  little  of  the  humus- 
like matters  were  formed,  and  neither  formic  nor  laBvulinic  acid 
could  be  separated  from  the  solution ;  but  Isevulose  from  inulin 
furnished  a  considerable  amount  of  humus,  and  both  formic  and 
Isevulinic  acids,  so  that  there  can  be  no  doubt  that  the  latter  are 

*  A  cryBtalline  body  which  after  drying  in  the  air  has  the  oomposition 
C^H^^Oy  has  been  isolated  from  refiners'  molasses  by  Loiseau  (Chmpt.  Bend., 
Ixxxii.,  1058).  BaffiM>»e,  as  this  substance  is  termed,  is  almost  destitute  of 
sweet  taste ;  at  20°  (68®  F.)  it  dissoWes  in  about  7  pts.  of  water,  but  in  all  pro- 
portions in  hot  water ;  the  solution  has  a  higher  dextrorotatory  power  than  that 
of  cane  sugar  in  the  proportion  of  100  :  159,  hence  [a]j  =  Ii7^-  ^t)  melts  at 
about  80°  (176°  F.),  and  when  heated  to  100*  (212°  F.)  loses  15*1  per  cent, 
water,  which  it  regains  in  great  part  when  exposed  to  moist  air ;  the  residue  has 
therefore  the  composition  represented  by  the  empirical  formula  (J^Hj^O^. 

The  observations  of  MUntz  and  of  Girard  and  Laborde  (Compt.  Bend., 
Ixxxii )  also  indicate  that  the  syrap  which  drains  from  raw  cane  sugar  and 
moUsses  contains  a  substajioe  different  from  invert  sugar ;  in  most  cases  appa- 
rently it  is  optically  inactive,  although  capable  of  reducing  Fehling^  solution. 
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derived  from  sucrolsevulose,  and  not  from  sucrodextrose.     Their 
formation  may  be  empirically  represented  by  the  equation : 
C«H„0,     =     C,H,0,     +     CH,0,     +     OH,. 

8ocrol»Tnlo8«.  Lcmiliiiio  acid.  Formio  add. 

Concentrated  sulphuric  acid  very  readily  decomposes  cane 
sugar,  vapours  of  formic  acid  and  sulphurous  anhydride  and  car- 
bonic oxide  being  evolved,  while  a  voluminous  black  carbonaceous 
mass  remains ;  but  it  is  stated  that  if  it  be  very  carefully  mixed 
with  the  cold  acid,  it  becomes  brown  without  evolving  sulphurous 
anhydride,  and  the  mixture  is  completely  soluble  in  water  without 
separation  of  carbon.  Concentrated  hydrochloric  acid  also  acts 
violently  on  cane  sugar  and  chars  it. 

If  heated  with  alcohol  to  160°  (320°  F.),  cane  sugar  remains 
unaffected,  but  water  at  this  temperature  decomposes  it,  about 
half  its  carbon  being  separated  as  carbonic  anhydride  and  in  the 
solid  state,  whilst  the  solution  contains  formic  acid  (Loew)  ; 
according  to  Gorup-Besanez,  if  it  be  heated  with  water  to 
280°  (536°  F.),  a  very  large  quantity  of  carbonic  anhydride  and 
of  black  carbonaceous  matter  is  formed,  and  also  a  small  amount 
of  pyrocatechol. 

Cane  sugar  is  readily  oxidized,  although  as  compared  with 
the  glucoses,  it  opposes  very  considerable  resistance  to  the  action 
of  the  weaker  oxidiziag  agents.  Thus,  it  reduces  silver  and  mer- 
cury salts  when  boiled  with  them,  and  precipitates  gold  from  a  solu- 
tion of  the  chloride,  but  only  very  slowly  reduces  Fehling's  solution; 
and,  like  the  glucoses,  it  dissolves  cupric  hydrate  in  presence  of 
alkali,  forming  a  blue  solution  from  which  cuprous  oxide  is  pre- 
cipitated on  boiling.  Probably,  however,  in  all  these  cases  the 
cane  sugar  is  not  directly  oxidized.  On  careful  treatment  with 
dilute  nitric  acid,  it  yields  saccharic  acid,  usually  together  with 
tartaric  and  oxalic  acids  which  are  formed  from  the  latter  by 
further  oxidation.  Dry  chlorine  does  not  attack  it  at  ordinary 
temperatures,  but  on  passing  the  gas  into  an  aqueous  solution  of 
cane  sugar,  and  subsequently  neutralizing  with  argentic  hydrate, 
&c.,  ^uconic  acid  is  obtaiued  identical  with  that  produced  from 
sucrodextrose  (Hlasiwetz  and  Habermann).  When  distilled  with 
manganic  peroxide  and  dilute  sulphuric  acid,  it  yields  a  consider- 
able amount  of  formic  acid. 

As  already  mentioned,  it  is  not  directly  fermentable,  but 
when  its  dilute  aqueous  solution  is  mixed  with  yeast,  it  rapidly 
undergoes  inversion,  and  the  mixture  of  dextrose  and  Isevulose 
thus  formed  then  enters  into  fermentation  ;  i^bout5x  to  52  parts  of 
^cohpl  being  produced  for  each  j  00  parts  of  cane  sugar  epaployed, 
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Estimation  of  Cane  Sugar, — The  presence  of  cane  sugar  can  only  be  satis- 
factoriljr  established  by  quantitative  analysis,  if  it  occurs  together  with  other 
bodies,  and  is  then  only  possible  if  the  foreign  substances  are  either  optically 
inactive  and  also  without  action  on  Fehling's  solution  both  before  and  after 
inversion,  or  of  known  optical  activity  and  cupric  oxide  reducing  power ;  if  this 
be  not  the  case,  it  becomes  necessary  to  isolate  the  sugar  by  appropriate  treatment 
in  order  to  be  sure  of  its  presence. 

If  a  solution  contain  simply  cane  sugar,  its  amount  may  readily  be  estimated 
by  determining  the  specific  gravity,  or  the  rotatory  power  of  the  solution ;  but 
this  is  seldom  the  c^ise,  the  sugar  as  a  rule  occurring  together  with  other  sub- 
stances, which  sometimes  are  without  action  on  polarized  light,  and  do  not  reduce 
Fehling's  solution,  but  more  often  either  reduce  Fehling's  solution  or  exhibit  optical 
activity,  or  are  both  optically  active  and  capable  of  precipitating  cuprous  oxide. 

The  presence  of  cane  sugar  in  a  given  substance  or  solution  is  in  the  highest 
degree  probable  if,  when  examined  by  polarized  light,  the  solution  of  the  sub- 
stance, or  the  original  solution  respectively,  is  found  to  possess  dextrorotatory 
power,  but  to  be  without  immediate  action  on  Fehling's  solution,  and  after 
heating  with  an  acid  to  possess  Isevorotatory  power,  and  to  be  capable  of  imme- 
diately reducing  an  alkaline  cupric  solution.  In  order  to  establish  the  presence 
of  cane  sugar,  however,  it  is  necessary  to  determine  the  rotatory  power  of  the 
solution,  both  before  and  after  inversion :  then,  since  invert  sugar  is  a  mixture 
of  equal  proportions  of  sucrodextrose  and  sucrolsevulose,  and  the  specific  rotatory 
powers  of  the  two  bodies  are  respectively  [a]j  =  57°*6  and  —  io6**  (at  14*  C. 
or  57°'2  F^,  the  specific  rotatory  power  of  the  mixture  is  5Zl  —  251 
=  — 24^*3  at  14®  C.  (57°' 2  F.),  and  provided  the  observation  be  made  at 
•  this  temperature,  the  number  of  degrees  of  lasvorotation  produced  by  a  solu- 
tion of  the  invert  sugar  formed  from  a  solution  of  cane  sugar  of  arbitrary 
strength,  but  of  known  dextrorotatory  power,  is  calculated  by  multiplying 
the  number  of  degrees  of  dextrorotation  exhibited  by  the  cane  sugar 
solution  by  '32,  since  the  specific  rotatory  power  of  cane  sugar  is  [a]j=%  73°'^ 
and  24*2  =  73*8  x  0*32.  I£  the  calculated  and  observed  values  are  fairly  ac- 
cordant, the  presence  of  cane  sugar  may  be  regarded  as  established.  Another 
method  which  is  perhaps  preferable,  as  it  does  not  require  a  knowledge  of  the 
specific  rotatory  powers  of  the  constituents  of  invert  sugar,  consists  in  observing 
the  rotatory  power  of  the  original  solution  and  its  cupric  oxide  reducing  power 
after  inversion:  from  the  latter  value  the  amount  of  cane  sugar  present  in  a 
given  volume  or  weight  of  the  solution  is  readily  deduced,  and,  this  being 
ascertained,  the  apparent  specific  rotatory  power  of  the  substance  in  solution  may 
then  be  calculated  and  compared  with  the  known  value,  with  which  it  must 
coincide  within  the  limits  of  experimental  error  if  the  solution  contain  only  cane 
sugar.  The  calculation  is  made  in  the  following  manner :— ^Invert  sugar  having 
the  same  cupric  oxide  reducing  power  as  sucrodextrose,  as  one  molecular  proportion 
of  the  latter  reduces  five  molecular  proportions  of  cupric  oxide,  we  have  the  relation: 

C.H„0,  :  sCuO    =:    180  :  396-5; 

but  one  molecular  froportion  of  cane  sugar  furnishes  one  of  dextrose  and  one  of 

IsBvulose,  so  that  the  invert  sugar  from  a  single  molecular  proportion  of  cane 

sugar  reduces  ten  molecular  proportions  of  cupric  oxide,  or : 

C„H,,0„  :  loCuO   -    342  :  793. 

From  this  it  follows  that  each  gram  of  cupric  oxide  obtained  (p.  568)  represents 
^  or  *43i  gram  of  cane  sugar;  hence,  to  find  the  number  of  grams  of 
cane  sugar  c  in  100  cc.  of  solution,  we  have  c  =  xx  0*431,  where  x  equals  the 
number  of  grams  of  cupric  oxide  which  would  be  obtained  on  reduction  of 
Fehling's  solution  by  the  invert  sugar  formed  from  xoo  cc.  of  the  original  solution. 
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The  raetliod  jasi  described  obvioasly  applies  uofc  only  to  the  detection,  bat 
also  to  the  estimation  of  the  amount  of  cane  sugar  in  a  given  solution.  But  the 
amount  of  cane  sugar  in  a  given  substance  containing  no  other  optically  active 
body  may  readily  be  ascertained  by  merely  observing  the  rotatory  power  of  a 
solution  of  the  substance  of  known  strength,  for  a  solution  containing  in  loooc 
1 6' 1 9  grams  of  cane  sugar  produces  in  the  Soleil-Dubosoq  saccharometer  a  dis- 
placement of  loo  scale  divisions:*  therefore,  if  16*19  grams  of  the  given, 
substance  be  dissolved  in  water  to  100  cc.,  and  the  solution  examined  in  this 
saccharometer  in  a  tube  200  mm.  long,  the  observation  being  made  for  the  tem- 
perature at  which  the  solution  is  prepared,  the  number  of  scale  divisions  required 
for  compensation  directly  represents  the  percentage  of  cane  sugar  in  the  sub- 
stance ;  or,  if  one  of  the  other  forms  of  apparatus  illuminated  by  sodium  light  be 
employed,  and  the  angular  deviation  produced  by  a  solution  of  the  above  strength 
in  a  tube  200  mm.  long  observed,  the  amount  of  cane  sugar  present,  ^,  may  be 
calculated  by  the  simple  proportion : 

2I'8o  :  X   =    l6'l9  :  y 

where  x  equals  the  observed  angular  deviation,  since  a  solution  of  16*19  grams 
cane  sugar  in  100  cc.  produces  in  a  column  of  200  mm.  a  deviation  of  21^*80. 
The  observation  may  be  checked  by  determining  the  rotatory  power  of  the  solu- 
tion after  inversion  .f 

*  The  amount  of  cane  sugar  which,  when  dissolved  in  water  to  100  oc.  and 
the  solution  examined  at  the  same  temperature  as  that  at  which  it  is  pre- 
pared in  a  tube  200  mm.  in  length,  is  required  to  produce  a  deviation  equal 
to  100  divisions  of  the  Soleil-Duboscq  scale,  was  for  the  first  time  ascertained  by 
Clerget  in  1849,  who  stated  it  to  be  16*471  grams.  Dubrunfaut  afterwards 
found  this  to  be  too  high,  and  reduced  it  to  1 6*390  grams,  which  later  on  was 
still  further  reduced  to  16*35  S^^^  ^J  ^  commission  consisting  of  Pouillet, 
Barreswil,  Schlosing,  and  Duboscq.  Eecently,  however,  De  Luynes  and  Girard 
have  very  carefully  redetermined  the  value  of  the  constant  in  question,  and  find 
that  only  16*19  grams  of  cane  sugar  are  required  to  produce  the  same  amount  of 
deviation  as  a  plate  of  quartz  i  mm.  in  thickness. 

t  According  to  Tuschmidt  (Joum.  pr.  Chem,  [2]  1870,  ii.  235),  a  solution 
of  cane  sugar  which  before  inversion  produces  a  deviation  corresponding  to  100 
divisions  of  the  Soleil-Duboscq  scale,  after  inversion,  if  the  observation  be  made 
at  o^  (32°  F.)  causes  a  deviation  of  44*16  divisions  in  the  opposite  direction; 
but  for  each  degree  C.  rise  of  temperature  the  deviation  after  inversion  diminishes 
by  '505  divisions  of  the  scale.  Tuschmidt  has  given  formulsD  which  enable  the 
relation  between  the  temperature  and  the  deviation  produced  by  a  solution  of 
invert  sugar  to  be  calculated  for  solutions  of  any  strength,  and  also  tables  by 
reference  to  which  the  amount  of  cane  sugar  in  a  given  solution  may  be  ascer- 
tained when  the  deviation  which  it  produces  before  and  after  inversion  is  known. 
These  tables  are  based  on  the  formula : 

144*16035  -  0*50578^  :  100  =  S  :  R 

g  _  100  S       t 

144*0635  -  0*50578^ 

where  R  is  the  required  percentage  of  cane  sugar  in  the  solution,  S  the  swm  of 
the  scale  readings  before  and  after  inversion,  and  t  the  temperature  at  which  the 
observation  is  made  after  inversion.  Calculated  for  the  forms  of  instrument  with 
which  sodium  light  is  employed,  and  the  absolute  angular  deviation  determined, 
this  formula  becomes : 

R    =  217189  8 

31*310    -    0*10985 
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Another  method  of  digtingnighing  whether  a  soluble  carbohydrate  whieh  only 
reduces  Fehling's  solution  after  heating  with  dilute  acid  is  cane  sugar  or  not, 
without  the  employment  of  the  polarimeter,  depending  on  the  fact  that,  although 
dextrose  and  kevulose  have  the  same  cupric  oxide  reducing  power,  they  do  not 
reduce  all  oxidizing  agents  to  the  same  extent,  consists  in  determining  the  cupric 
oxide  reducing  power  of  the  solution  after  inversion,  and  also  its  mercuric  iodide 
reducing  power  in  the  manner  described  below.*  This  method  also  enables  us 
to  determine  whether  a  solution  in  which  a  reducing  body  is  present  contains 
dextrose  or  invert  sugar  only,  or  a  mixture  of  both,  and  the  proportion  in  which 
they  are  present.  For  example,  it  is  found  on  the  one  hand  that  exactly  25  cc. 
of  the  solution  are  required  to  rednce  "J2  grams  Hgl,,  and  on  the  other  that 
these  25  cc.  reduce  an  amount  of  Fehling's  solution  corresponding  to  '125  graui 
glucose,  C^Hj^Of ;  we  therefore  have  the  equation  : 

a?    +  y   =    -125, 


*  The  mercuric  iodide  reducing  power  is  ascertained  by  a  modification  of 
Xnapp's  method  (p.  582),  which,  according  to  Sachsse,  does  not  yield  constant 
results  (Chemie  d.  Farbstoffe,  Kohlehydratey  Sfc,  Leipsig :  L.  Toss,  1877), 
Knapp  found  that  100  pts.  dextrose  reduce  400  pts.  mercuric  cyanide,  which  is 
in  the  ratio  of  one  molecular  proportion  of  the  former  to  somewhat  less  than 
three  of  the  latter,  as  the  proportion  Cfi^fi^ :  3Hg(CN),  requires  the  reduction 
of  420 pts.  of  the  cyanide;  but  Sachsse  states  that  the  amount  of  cyanide 
reduced  depends  on  the  rate  at  which  thedextrose  is  added  to  the  boiling  mercuric 
cyanide  solution,  the  reduction  being  greater  the  more  rapidly  the  titration  is 
effected.  He  finds,  however,  that  an  alkaline  solution  of  another  mercuric  salt — 
viz.,  the  iodide,  yields  constant  results.  The  solution  is  prepared  by  dissolving 
18  grams  pure  dry  mercuric  iodide  in  water  with  the  aid  of  25  grams  potassic 
iodide,  adding  to  this  80  grams  of  potassic  hydrate  dissolved  in  water,  and  then 
diluting  to  1000  cc.  Of  this  solution,  40- cc.,  containing  72  gram  of  mercuric 
iodide,  are  heated  to  boiling  in  a  porcelain  dish,  and  the  solution  of  the  carbo- 
hydrate of  about  half  a  per  cent,  strength  is  then  added— at  first  in  quantities  of 
5  CO.  at  a  time,  then  in  quantities  of  i*cc.,  and  lastly  by  tenths  of  a  cubic  centi* 
metre,  until  the  whole  of  the  mercury  is  precipitated,  which  is  ascertained  by 
means  of  a  saturated  solution  of  commercial  stannous  chloride  in  alkali,  a  number 
of  drops  of  which  are  placed  on  a  porcelain  plate,  and  one  of  them  mixed  with  a 
drop  of  liquid  from  the  dish  after  each  addition  of -the  carbohydrate  solution: 
at  first  a  black  precipitate  is  formed,  which  becomes  less  and  less  evident  as 
the  reduction  proceeds,  and  the  titration  is  regarded  as  complete  when  the 
addition  of  a  drop  of  the  titrated  liquid  no  longer  produces  even  a  brown 
coloration. 

It  is  found  in  this  manner  that  on  an  average  '1501  gram  of  dextrose  is 
required  to  effect  the  reduction  of  40  cc.  of  mercuric  iodide  solution  containing 
•72  gram  Hgl,,  which  is  in  the  proportion  of  2.454:  189,  or  nearly  as 
2HgI,:CgHj,0^  (2.254:  180).  Invert  sugar,  however,  has  a  much  greater 
reducing  power,  '1072  gram  sufficing  entirely  to  precipitate  the  mercury  from 
40  cc.  of  the  mercuric  iodide  solution  ;  from  this,  supposing  the  dextrose  to  have 
the  same  reducing  power  as  when  alone,  we  may  calculate  that  the  amount  of 
kevulose  required  to  reduce  '72  gram  of  mercuric  iodide  is  2  x  o.  1072  —  o*  1501  = 
00643  gram,  which  is  in  the  proportion  of  9454  :  364  or  nearly  as  2C^Hj^0^ : 
•pHgl,.  This  remarkable  difference  in  the  behaviour  of  dextrose  and  Isevulose  is  of 
the  greatest  interest,  and  it  may  be  expected  that  further  observations  of  this  kind 
on  the  behaviour  of  the  different  glucoses  with  various  oxidizing  agents  will 
furnish  results  of  much  impoi-tance. 
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vhere  x  is  tbe  dextrose  and  ^  the  invert  sugar.  In  order  to  find  the  second 
equation  which  is  necessary  to  ascertain  the  value  of  these  two  unknowns,  we 
have  merely  to  bear  in  mind  that  '1504  gram  dextrose,  but  only  '1072  gram 
invert  sugar  is  required  to  reduce  "J2  gram  Hgl, ;  therefore  x  grams  dextrose 
correspond  to  ;r  x  :^^  =  4*79  x  and  y  grams  invert  sugar  to  y  x  1^  =  671  ^ 
grams  mercuric  iodide,  and  therefore : 

479  x   +   671  y   =    72. 

Hence,  x  =  *o6i8  and  y  =  '0632  ;  in  other  words,  the  solution  contained  a 
mixture  of  dextrose  and  invert  sugar  in  nearly  equal  proportions.  Obviously,  if 
X  or  y  =  o,  invert  sugar  or  dextrose  only  is  present ;  in  the  former  case,  sup- 
posing the  solution  had  been  prepared  from  a  substance  which  did  not  imme- 
diately reduce  Fehling's  solution,  by  heating  it  with  a  dilute  acid,  it  would  follow 
that  the  substance  under  examination  was  cane  sugar,  but  if  dextrose  alone  were 
present  it  would  follow  that  the  substance  examined  consisted  of  dextrin,  or  of  a 
similar  body,  which  yields  only  dextrose  when  boiled  with  acids. 

This  method  of  analysis  will  doubtless  be  found  generally  applicable  when  the 
behaviour  of  other  carbohydrates  besides  sucrodextrose  and  sucroltevulose  with 
various  oxidizing  agents  has  been  ascertained. 

If  cane  sugar  occur  together  with  invert  sugar,  the  mixture  may  be  approxi- 
mately analysed  by  simply  determining  its  cupric  oxide  reducing  power  both  before 
and  after  heating  with  acid  ;  the  determination  of  cane  sugar  in  presence  of  invert 
sugar  in  this  manner  is  not  exact,  as  the  former  does  not  entirely  escape  oxidation 
when  heated  with  Fehling's  solution,  the  error  from  this  cause  being  greater  the 
more  slowly  the  titration  is  effected  (Scheibler,  Deut,  chem.  Ges,  Ber,,  v.  928). 
In  order,  however,  to  check  the  results  of  analysis,  and  to  ascertain  whether 
dextrose  and  Isevulose  are  present  in  the  proportions  in  which  they  occur  in  in- 
vert sugar,  the  rotatory  power  of  a  mixture  of  the  composition  ascertained  by 
the  analysis  is  calculated  and  compared  with  the  observed  rotatory  power  before 
treatment  with  acid.  By  also  observing  the  rotatory  power  after  treatment  with 
acid,  the  actual  amount  of  dextrose  and  laevulose  present  may  even  be  determined ; 
as  an  example  of  this,  the  following  analysis  of  honey  may  be  cited: — 10  grams 
honey  were  treated  with  cold  water,  the  solution  filtered  from  wax,  &c,  then 
made  up  to  100  cc.  at  15^*5  (60°  F.),  and  the  sp.  gr.  determined  in  order  to 
ascertain  the  amount  of  matter  dissolved;  the  sp.  gr.  was  found  to  be 
1*03115  =  8*1  grams  solid  matter  in  the  100  cc.,  or  81  per  cent,  soluble  solid 
matter  in  the  honey.  The  apparent  specific  rotatory  power  of  the  solid  matter  thus 
dissolved  was  found  to  be  [a\  =  - 13° '4,  the  solution  requiring  for  compen- 
sation in  a  220  mm.  tube  —  10  divisions  of  the  Soleil-Duboscq  scale,  and  its 
cupric  oxide  reducing  power  to  be  =  91. 

Another  stronger  solution,  made  without  weighing  the  honey,  was  heated 
with  one  or  two  drops  dilute  sulphuric  acid  for  about  an  hour,  the  acid  neutra- 
lized with  baryta  water,  and,  after  removal  of  the  baric  sulphate,  was  diluted  to 
100  cc.  at  IS**"5  (60°  F.).  Its  sp.  gr.  was  found  to  be  i'04032=  10*472 
grams  solid  matter  in  100  cc. ;  its  apparent  specific  rotatory  power,  deduced 
from  the  observation  that  it  required  for  compensation  in  the  220  mm.  tube 
-1 6*5   scale  divisions,  being    —17^*3,  and  its   cupric  oxide  reducing  power 

From  the  cupric  oxide  reducing  power  it  is  evident  that  the  optical  activity 
of  the  solution  is  entirely  due  to  the  glucoses  present ;  and,  supposing  that  these 
consist  of  a  mixture  of  dextrose  and  Levulose,  we  may  calculate  the  compositioa 
of  the  mixture  in  the  following  manner : 

Let  X  =  dextrose ;  then  9*95  ^  x   s   laevulose. 
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The  apparent  sp.  rot.  power  corresponding  to  i  gram  dextrose  in  100  cc.  is 
5^*76,  and  to  one  gram  of  Isevalose  —  io°'46 ;  therefore 

576*  +  (9*95  -  x)    -10-46    =    -I7°'3» 
whence  x   =    5*35  grams  dextrose  in  9*95  grams  solid  matter,  the  residue, 
4'6o  grams,  being  leevulose. 

From  the  reducing  power  before  inversion,  we  see  that  10  grams  solid  matter 
contain  9*1  grams  of  glucoses ;  hence  the  amount  of  cane  sugar  is  represented  by 

9*95    —  9'i    =    '85  grams  invert  sugar, 

but  10  grams  cane  sugar  =   10*526  grams  invert  sugar, 

.-.    10-526  :   10    =    -85  :  -845. 

Now  '85  gram  invert  sugar  =   -425  gram  dextrose  and  -425  gram  kevulose, 

•*•    5*35    ""    '425    =    4*925    =    original  dextrose 
4-60    —    -425    =    4*175    =■         M       IsBvulose 

and  -845    =         „       cane  sugar. 

The  percentage  composition  of  the  solid  matter  of  the  honey  soluble  in  water  is 
consequently 

49*25   dextrose 

41-75  kevulose 
8*45  cane  sugar. 

If  the  sp.  rot.  power  of  a  mixture  of  this  composition  be  calculated,  it  will  be 
found  =  —  9°-o8  against  —  is°'4  observed;  thus  : 

4*925    ^  5*'76    =        ^8-36 

•845    X  f'3S   =  623 

34*59 
4-175    X     -io°-46   =    -43*67 

-9-08 

There  is  thus  a  very  considerable  difference  between  the  observed  and  calcu- 
lated values,  which  is  probably  due  to  errors  of  manipulation.  The  analysis 
serves,  however,  to  indicate  the  method  of  ascertaining  the  composition  of  a 
mixture  of  carbohydrates. 

It  is  often  necessary  before  a  saccharine  solution  can  be  submitted  to  polari- 
scopic  examination  to  decolorize  it ;  this  may  sometimes  be  effected  by  filb'ation 
through  animal  charcoal,  but  in  this  case  the  first  portion  of  liquid  which  passes 
through  is  rejected,  as  the  fresh  charcoal  takes  up  from  the  solution  a  certain 
amount  of  sugar.  In  the  examination  of  molasses,  which  are  deeply  colomred,  it 
18  usual  to  decolorize  by  the  addition  of  basic  plumbic  acetate ;  Gill,  however, 
has  shown  that  it  is  necessary  to  remove  the  excess  by  the  addition  of  a  strong 
solution  of  sulphurous  acid  before  taking  the  observation,  as  the  rotatory  power 
of  the  lavulose  present  is  modified  to  a  considerable  extent  by  basic  plumbic 
acetate,  even  becoming  reversed  if  a  large  excess  of  the  latter  be  present :  the 
effect  is  only  temporary,  and  ceases  with  the  removal  of  the  lead.  The  plumbic 
acetate  also  interferes  with  the  copper  test  {Joum.  Chem.  Soc,  xxiv.  91). 

(1565)  Lacton  or  Milk  Sugae  ;  Ladin  or  Lactose : 
^i8^22^ir — ^^^^  carbohydrate  has  been  found  only  in  the  milk 
of  mammalia,  being  contained  in  greatest  abundance  in  that  of 
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the  herbivora ;  but  it  is  also  secreted  by  the  carnivora,  although 
their  diet  is  exclusively  of  au  animal  nature.  Milk  sugar 
apparently  is  less  subject  to  vary  in  amount  than  any  other  con- 
stituent of  milk,  about  four  per  cent,  being  the  average  quantity 
in  the  milk  of  human  females  and  of  herbivorous  animals.  It 
may  be  prepared  by  treating  milk  with  dilute  sulphuric  acid  or 
calf  s  rennet  to  separate  the  albuminoid  matters  and  the  fat^  then 
removing  the  coagulum,  and  evaporating  the  whey  to  a  thin  syrup; 
the  crystals  which  form  sooner  or  later  are  puriiSed  by  several 
recrystallizations  from  water  with  the  aid  of  animal  charcoal.  It 
is  prepared  on  a  considerable  scale  in  some  localities  from  the 
whey  obtained  in  the  manufacture  of  cheese. 

Milk  sugar  crystallizes  in  hard,  white,  semi-transparent  hemi- 
hedral  rhombic  prisms  of  the  composition  C^gH^gOu-hOHj;  the 
crystals  do  not  give  oflF  water  at  ioo°  (212°  F.),  but  are  rendered 
anhydrous  by  heating  to  130°  (266°  P.).  The  anhydrous  sugar  is 
not  altered  on  further  heating  to  150° — 160°  (302° — 320°  P.),  but 
at  170° — 180''  (338° — 356°  P.)  it  becomes  brown,  and  is  converted 
with  loss  of  the  elements  of  water  into  so-called  lactocaramel ;  at 
higher  temperatures  it  undergoes  still  more  profound  change. 
Crystallized  milk  sugar  dissolves  in  about  6  pts.  of  cold,  and  li 
pts.  boiling  water ;  the  solution  thus  formed  is  less  sweet  to  the 
taste  than  one  containing  an  equal  weight  of  cane  sugar.  It  is  in- 
soluble in  anhydrous  alcohol  and  ether.  A  freshly  prepared  aqueous 
solution  has  a  higher  dextrorotatory  power,  in  the  ratio  of  8  :  5,  than 
the  same  solution  after  standing  for  some  time  or  heating;  the 
constant  apparent  specific  rotatory  power  of  milk  sugar  in  solu- 
tion, calculated  for  the  anhydrous  substance,  according  to  Ber- 
thelot,  is  [a]j  =  59°'3.  The  influence  of  temperature,  concen- 
tration, &c.,  on  its  rotatory  power  has  not  been  studied. 

Milk  sugar  appears  to  furnish  a  number  of  metallic  derivatives 
analogous  to  those  which  may  be  formed  from  cane  sugar ;  little, 
however,  is  known  of  them.  It  yields  a  precipitate  with  an  am- 
mouiacal  solution  of  plumbic  acetate.  It  does  not  appear  to  be 
capable  of  combining  with  sodic  chloride.  It  is  less  readily  acted 
on  by  acetic  anhydride  than  cane  sugar,  but  when  boiled  with  it, 
slowly  dissolves,  and  on  pouring  the  product  into  water  an  almost 
colourless  pasty  mass  separates,  which  rapidly  becomes  hard  and 
brittle ;  this  consists  of  the  octacetate,  CjgHi^(C3H303)gOg.  On 
evaporating  the  solution,  an  apparently  crystalline  residue  of 
the  tetracetate,  Ci2Hjg(C2H302)4.07is  obtained  (Schiitzenberger). 

Its  behaviour  when  heated  with  alkalies  is  similar  to  that  of 
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cane  sugar.  Concentrated  sulphuric  and  hydrochloric  acids  de- 
compose it,  especially  when  heated,  with  formation  of  brown  or 
black  products,  but  much  less  readily  than  cane  sugar ;  it  is  con- 
verted by  a  mixture  of  concentrated  nitric  and  sulphuric  acids 
into  a  nitrate,  which  crystallizes  from  alcohol  in  nacreous  laminae, 
and  detonates  when  heated.  Its  inversion  on  heating  with 
dilute  sulphuric  acid  has  already  been  described  under  lactose;  it 
is  to  be  remarked,  however,  that  dilute  acids  and  the  other  agents 
which  efiFect  the  inversion  act  far  less  rapidly  than  on  cane  sugar. 
Prom  Dubrunfaut's  experiments  (Compt.  Rend.,  xlii.  229),  it  ap- 
pears that,  as  in  the  case  of  cane  sugar,  if  the  heating  with  dilute 
sulphuric  acid  be  continued,  the  glucoses  first  produced  undergo 
further  change,  a  non-fermentable  substance  being  formed,  but 
without  alteration  of  the  rotatory  power  taking  place.  Milk  sugar, 
like  cane  sugar,  is  not  directly  fermentable,  but  when  mixed  with 
yeast  slowly  undergoes  inversion,  yielding  a  mixture  of  fermentable 
glucoses ;  liquids,  such  as  milk,  which  contain  milk  sugar  to- 
gether with  nitrogenous  substances  and  certain  salts,  are  especially 
liable  to  undergo  the  lactic  fermentation  under  the  influence  of 
bacteria  derived  from  the  atmosphere. 

Although  with  most  reagents  it  exhibits  far  greater  stability 
than  cane  sugar,  milk  sugar  is  more  easily  oxidized  than  the  latter  : 
thus  it  precipitates  silver  from  silver  solutions,  especially  if  ren- 
dered ammoniacal,  the  metal  being  deposited  on  the  sides  of 
the  vessel  so  as  to  form  a  brilliant  mirror  if  the  mixture  be  care- 
fully heated.  In  presence  of  an  excess  of  alkali,  it  dissolves  cupric 
hydrate,  forming  a  deep  blue  coloured  solution,  which  deposits 
cuprous  oxide,  even  in  the  cold,  but  as  in  the  case  of  dex- 
trose, the  amount  of  cupric  hydrate  dissolved,  and  the  pre- 
cipitation of  the  cuprous  oxide  are  dependent  on  the  amount 
of  alkali  present.  Milk  sugar,  however,  has  a  lower  cupric 
oxide  reducing  power  than  dextrose  in  the  proportion  of  70  :  100 ; 
the  molecular  ratios  in  which  dextrose  and  milk  sugar  reduce  cupric 
oxide  are  therefore  represented  by  the  proportions -iCgH^^Og:  loCuO, 
and  2C^^llt^0^y^  :  7CUO.  By  heating  its  aqueous  solution  with 
bromine  to  100°  (212°  F.),  and  afterwards  saturating  the  liquid 
with  argentic  hydrate,  removing  the  dissolved  silver  by  sul- 
phuretted hydrogen,  &c.,  milk  sugar  is  converted  into  lactonic 
acid,  a  crystalline,  optically  active  (laevorotatory),  monobasic  acid 
of  the  composition  CgHj^Og  (Barth  and  Hiasiwetz,  Ann.  Chem. 
Pi^rm.,  cxxii.  96).  On  oxidation  with  nitric  acid,  milk  sugar 
yields  mucic  and  saccharic  acids,  together  with  further  oxidation 
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products  of  these  latter — viz.,  racemic,  tartaric,  and  oxalic  acids. 
It  is  rapidly  oxidized  by  a  boiling  alkaline  solution  of  potassic 
permanganate,  and  almost  completely  converted  into  carbonic 
anhydride  and  water ;  the  same  action  takes  place  more  slowly  at 
ordinary  temperatures,  and  also  if  the  solution  be  strongly  acid. 
When  a  neutral  solution  of  permanganate  is  employed,  a  small 
quantity  of  a  syrupy  acid  is  formed,  together  with  oxalic  and 
carbonic  acids  (Laubenheimer,  ibid.,  clxiv.  283). 

On  heating  milk  sugar  with  twice  its  weight  of  aniline  in  an 
open  flask,  it  slowly  dissolves,  and  although  no  gas  is  evolved,  the 
liquid  froths  considerably ;  if  the  product  be  mixed  with  an  equal 
volume  of  alcohol  and  allowed  to  stand,  crystals  are  deposited, 
and  a  further  quantity  of  crystals  is  obtained  from  the  filtrate 
after  mixing  it  with. ether.  Sometimes  the  product  consists  of 
one,  sometimes  of  the  other,  or  of  a  mixture,  of  two  bodies  formed 
in  accordance  with  the  following  equations  : 

^sH^^On   +   CeH^N  =   C,,H,,NOio   +   OH,. 

Both  are  very  soluble  in  water,  but  very  diflScultly  soluble  in 
anhydrous  alcohol,  and  almost  insoluble  in  ether.  Dextrose  and 
mannitol  also  dissolve  readily  in  aniline  (Sachsse,  DetU.  chetn. 
Ges,  Ber.y  iv.  834). 

(1566)  Amylon  or. Starch  Sugar;  Maltose:  C^^^iy — 
This  sugar  is  formed  together  with  dextrin  when  starch  paste  is 
submitted  to  the  action  of  diastase,  or  of  dilute  acids ;  its  pro- 
duction in  this  manner  was  first  demonstrated  by  O'Sullivan  in 
1872*  (Joum.  Chem.  Soc,  xxv.  579;  and  1876,  i.  478,  ii.  125), 
whose  observations  have  been  confirmed  by  Schulze  (Deut,  chem. 
Ges,  Ber.y  vii.  1047).  ^^^  preparation  of  amylon  will  be  described 
under  starch. 

It  crystallizes  from  water  or  alcohol  in  hard  white  crusts, 
consisting  of  extremely  fine  needles  of  the  composition 
^12^22^11  ^  ^^2  y  ^^  water  of  crystallization  may  readily  be 
expelled  by  drying  at  100°  (212®  P.)  in  a  current  of  dry  air,  or 


*  Dubrunfaut  in  1847  {Ann.  Chim.  Phys.  [3],  xxi.  178)  isolated  a  body 
having  all  the  properties  of  amylon  from  the  product  of  the  action  of  malt 
extract  on  starch,  and  pointed  ont  that  it  was  different  from  sucrodextrose ;  but 
his  observations  appear  to  have  been  long  disregarded.  On  rediscovering  this 
substance,  and  having  determined  its  com  position,  &c.,0*Sullivan  retained  the  name 
maltose,  assigned  to  it  by  Dubrunfaut,  but  the  name  amylon  appears  to  be  more 
suitable,  both  as  indicating  its  C'Onnexion  with  starch,  and  that  it  is  a  member  of 
the  cane  sugar  and  not  of  the  glucose  group. 
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more  slowly  by  heating  to  iio°  (230°  F.)  in  an  air  bath.  It  is 
very  soluble  in  water,  but  difficultly  soluble  in  alcohol.  It  is 
distinguished  from  cane  and  milk  sugar  by  its  superior  optica] 
activity,  possessing  the  apparent  specific  rotatory  power  calculated 
for  the  anhydrous  substance  [a]j=  + 150°.  Like  milk  sugar,  how- 
ever, it  is  capable  of  precipitating  cuprous  oxide  from  Fehling^s 
solution,  but  has  a  somewhat  lower  cupric  oxide  reducing  power- 
viz.,  65,  which  is  in  the  proportion  of  sCigHggOji  :  6*5CuO. 
When  digested  with  diastase  solution  or  with  dilute  sulphuric  acid, 
it  undergoes  inversion,  although  very  slowly  as  compared  with  cane 
sugar ;  the  invert  sugar  is  dextrorotatory,  and  has  the  same  cupric 
oxide  reducing  power  as  that  from  cane  sugar :  its  composition 
will  be  discussed  under  starch.  An  aqueous  solution  of  amylon 
slowly  ferments  in  contact  with  beer  yeast,  the  yield  of  alcohol 
being  51 — ^2  per  cent,  on  the  amylon  taken;  if  a  mixture  of 
sucrodextrose  and  amylon  be  submitted  to  fermentation,  'the 
whole  of  the  former  disappears  before  the  latter  is  touched. 

(1567)  Mtcon;  Myco8e  or  Trehalose:  Cj^H^O^j. — Wiggers  in  1833 
first  observed  this  carbohydrate  in  ergot  of  rye,  and  it  was  more  exactly  investi- 
gated by  Mitscherlich  in  1857  {^Ann,  Chem,  Pharm,,  cvi.  15),  who  gave  it  the 
name  of  mycose  (from  fivKo^,  fungus).  Berthelot  in  the  same  year  obtained  a 
sugar  from  trehala-manna,  which  he  called  trehalose,  regarding  it  as  different 
from  mycose,  but  was  afterwards  led  to  infer  that  the  two  were  probably  identical. 
Trehala-manna,  which  is  used  as  an  article  of  food  in  the  East,  is  said  to  be  the 
produce  of  the  larvsB  of  a  coleopterous  insect  (Larintu  nidificans),  which  lives 
on  a  species  of  Echinops  ;  apparently  the  larvae  consume  the  sap,  but  afterwards 
exude  the  greater  part  of  the  solid  matter  derived  from  it,  forming  with  it  the 
case  in  which  they  live,  and  of  which  the  manna  consists.  Guibort  found  as 
much  as  66*5  per  cent,  of  starch,  and  28*8  per  cent,  of  sugar  and  bitter  matter 
in  the  manna.  Recently  mycon  has  been  shown  to  exist  in  a  large  number  of 
fungi  (Miintz,  Ann,  Chem,  Phys,  [5],  viii.  56),  often  in  considerable  quantity, 
and  more  frequently  together  with  mannitol ;  it  is  of  interest  that  sometimes, 
as  in  the  case  of  Agaricug  sulfureus,  for  example,  the  younger  fungi  contain 
only  mycon,  whereas  older  specimens  of  the  same  species  contain  both 
mycon  and  mannitol.  The  more  common  fungi  from  which  it  may  be  extracted 
with  facility  are  Agaricus  Eringii,  sulfureus,  muscarius,  columhella,  and 
Lactarius  viridis  ;  it  is  less  readily  extracted  from  Agaricus  fv^pes,  lateri' 
iius,  casareus,  and  I/ycoperdon  pus^illwn,  as  they  also  contain  mannitol; 
Agaricus  cornucopia,  maculatus,  scyphoides,  albus,  campestris  and  Cantha- 
rellus  ciha/rius  contain  only  mannitol.  Occasionally  a  fermentable  sugar  capable 
of  reducing  Fehiing*s  solution  is  also  present,  being  especially  abundant  in 
Boletus  externus,  Miintz  was  not  able  to  detect  either  mycon  or  mannitol  in 
yeast  or  Mycoderma  aceii,  but  obtained  mannitol  from  PeniciUium  glaucum, 
even  when  grown  on  a  solution  of  tartaric  acid,  and  mycon  from  Mucor  mucedo 
and  (Ethalium  septicum, 

Mycon  may  be  prepared  from  fungi  which  do  not  contain  mannitol  by  precipi- 
tating the  expressed  juice  with  basic  plumbic  acetate,  removing  the  excess  of 
lead  by  sulphuretted  hydrogen,  and  then  evaporating  to  a  syrup ;  the  crystals 
which  form  are  washed  with  cold  alcohol,  and  purified  by  several  orystallizatio^il^ 


Doumg  aicoDoi,  tne  aiconouc  soiuuon  evaporatea,  ana  cne  resiaue  aissoivea  m 
hot  water ;  the  crystals  which  separate  on  cooling  may  be  parified  by  one  or  two 
crystallizations  from  alcohol.  In  this  manner  Mtintz  obtained  lo  grams  of 
crystallized  mycon  from  120  grams  of  dried  Agaricus  Eririgiu  Mycon  crystal- 
lizes in  shining  rhombic  octahedra  of  the  composition  C^HjjOjj  +  2H,0,  which 
may  be  completely  dehydrated  by  heating  to  110°  (230  F.) ;  the  crystals  melt 
if  rapidly  heated  to  100°  (212°  P.)f  but  if  rendered  anhydroos  by  gradual  heat- 
ing it  does  not  melt  even  at  180®  (356°  F.),  and  the  anhydrous  substance  may 
even  be  heated  to  200°  without  undergoing  decomposition,  although  at  higher 
temperatures  it  is  decomposed  and  converted  into  a  black  insoluble  matter.  It  alao 
manifesto  remarkable  stability  on  treatment  with  reagents.  Thus  it  may  be 
boiled  with  a  concentrated  solution  of  sodic  hydrate,  without  the  liquid  becoming 
coloured ;  it  dissolves  in  concentrated  sulphuric  acid,  forming  a  colourless  solu- 
tion, but  is  rapidly  carbonized  on  heating  the  liquid  to  100°  (212^  F.);  and  it 
is  without  appreciable  action  on  Fehling's  solution. 

Mycon  is  extremely  soluble  in  water,  and  moderately  soluble  in  boiling,  although 
almost  insoluble  in  cold  alcohol.  It  is  less  sweet  than  cane  sugar.  Mycon  has 
a  higher  optical  activity  than  any  other  sugar,  its  apparent  specific  rotatory 
power  calculated  for  the  anhydrous  substance  being  [a]j=  +220**  (Berthelot) ; 
according  to  Miintz,  the  mycon  prepared  from  trehala-manna  has  the  same 
rotatory  power  as  that  from  fungi — ^viz.,  [0]^=  +  200° — the  observations  being 
made  with  solutions  containing  5 — 6  per  cent,  of  the  anhydrous  substance.  When 
it  is  heated  with  dilute  sulphuric  acid,  the  rotatory  power  of  the  solution  slowly 
diminishes  until  it  becomes  about  equal  to  that  of  sucrodeitrose ;  the  nature  of 
the  invert  sugar  thus  produced  has  not  been  ascertained,  but  according  to 
Berthelot  it  is  crystallizable,  and  rapidly  ferments  in  contact  with  beer  yeast, 
being  completely  converted  into  alcohol  and  carbonic  acid,  whereas  mycon  is 
scarcely  altered  in  contact  with  yeast. 

(1568)  Mbleziton;  Mehzitose:  Cj^Hj^Oj^. — This  name  was  assigned  by 
Berthelot  in  1856  to  a  sugar  which  he  isolated  from  the  saccharine  exudation 
from  the  larch  (Pinus  larix ;  in  French,  m^l^ze);  quite  recently,  however,  it 
has  also  been  obtained  from  a  manna  from  Lahore,  the  produce  of  the  Alhagi 
Maurorum,  a  spiny  shrub  of  the  leguminous  family.  This  manna  is  used  in 
Persia  as  a  purgative,  and  even  as  a  food  material,  being  known  by  the  name  of 
Turanjbin  ;  in  addition  to  meleziton  it  contains  cane  sugar  and  a  syrupy  matter 
capable  of  reducing  Fehling's  solution  (Yilliers,  CompL  Bend.,  Ixxxiv.  35). 

Meleziton  crystallizes  in  very  small  brilliant  monoclinic  prisms  of  the  com- 
position CjjHj^Ojj  +  OH,,  which  effloresce  even  at  the  ordinary  temperature,  and 
may  be  completely  dehydrated  by  exposure  over  sulphuric  add  in  vacuo ;  it  is 
about  as  sweet  as  sucrodextrose.  It  is  extremely  soluble  in  water,  only  slightly 
soluble  in  boiling  ordinary  alcohol,  and  almost  insoluble  in  cold  alcohol.  The 
anhydrous  sugar  melts  a  little  above  140°  (284^  F.),  and  decomposes  when 
heated  above  200°  (392°  F.).  It  is  not  decomposed  by  solutions  of  the  alkalies 
at  100°  (212*'  F.),  and  does  not  reduce  Fehling's  solution,  but  is  carbonized  by 
cold  concentrated  sulphuric  acid;  like  mycon,  it  yields  oxalic  acid  free  from 
mucic  acid  when  oxidised  with  nitric  acid. 

Its  appai-ent  specific  rotatory  power  calculated  for  the  anhydrous  substance, 
according  to  Berthelot,  is  [a]j  =  94°i  ;  according  to  Villiers,  [a]j  =  94°*8,  and 
[a]j,  =  88°'85.  On  heating  the  solution  with  sulphuric  acid,  the  rotatory  power 
diminishes  until  it  becomes  equal  to  that  of  sucrodextrose ;  this  change  takes 
place  much  more  slowly  than  with  cane  sugar,  but  more  rapidly  than  with  mycon. 
The  glucose  (or  glucoses)  produced  is  crystallizable,  capable  of  reducing  Fehling's 
solution,  is  decomposed  on  heating  with  au  alkali,  and  readily  ferments  in  contact 
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with  beer  yeast:  meleziton  being  only  slowly  altered  under  the  influence  of 
yeast. 

(1569)  EucALYPTON ;  MelUose :  CjjHjjOjj.— This  sugar  is  derived  from  the 
saccharine  exudation  collected  from  various  species  of  JSucalyptus  growing  in 
Tasmania;  it  was  discovered  by  Johnston  in  1843,  and  more  fully  examined  by 
Bei-thelot  in  1856*  (Ann,  Ckem.  Phys.  [3],  xlvi.  66). 

It  crystallizes  in  extremely  slender  interlaced  needles  of  the  composition 
CjjHjjOjj  +  30Hj,  having  a  slightly  sweet  taste ;  it  can  only  be  rendered  anhy- 
drous by  heating  to  130"  (266°  F.),  at  which  temperature,  however,  it  already 
begins  to  decompose.  Its  solubility  in  water  is  about  equal  to  that  of  mannitol, 
and  like  the  latter  it  does  not  form  syrupy  solutions  ;  a  concentrated  aqueous 
solution  is  not  precipitated  by  ordinary  alcohol.  On  oxidation  with  dilute  nitric 
acid  it  yields  a  syrupy  substance,  which  on  further  treatment  is  converted  into 
an  acid  perhaps  identical  with  mucic  acid,  and  oxalic  acid. 

The  specific  rotatory  power,  calculated  for  the  anhydrous  substance,  is 
[a]j=  I02°7  at  25"  (77°  ¥.)  ;  on  heating  with  dilute  sulphuric  acid,  the  rota- 
tory power  is  in  a  few  minutes  reduced  to  66°*5,  and  the  inversion  product  has 
the  same  cupric  oxide  reducing  power  as  an  equal  weight  of  eucalyptose,  and  is 
browned  by  alkalies,  whereas  eucalypton  does  not  reduce  Fehling's  solution  and 
is  scarcely  altered  by  alkalies.  As  already  stated  (1562),  eucalypton  also  under- 
goes inversion  when  placed  in  contact  with  beer  yeast,  but  only  half  the  product 
is  fermentable.  Berthelot  has  supposed  that  the  glucose  formed  together  with 
eucalyptose  on  inversion  of  eucalypton  is  ordinary  sucrodextrose,  but  the  rotatory 
power  of  the  fermentable  glucose  calculated  from  the  values  observed  for  the  inversion 
product  and  for  eucalyptose — viz.,  2  x  66°'5— 65°  =  68° — is  considerably  higher 
than  that  of  sucrodextrose;  Berthelot,  however,  expressly  states  that  the  value  given 
tor  eucalyptose  was  deduced  from  a  very  imperfect  determination. 

(1570)  Saccharons  artificially  produced, — Gantier  has  prepared  a  body  of 
the  same  composition  as  cane  sugar  by  the  action  of  hydrochloric  acid  on  dextrose 
(Bull,  Soc.  Ckim.  [2],  xxii.  145).  The  carefully  cooled  alcoholic  solution  of  the 
glucose  was  saturated  with  the  gas,  then  heated,  and  evaporated  over  sulphuric 
acid  in  vacuo ;  the  resulting  syrup,  after  being  neutralized  with  baric  carbonate, 
was  extracted  with  94  per  cent,  alcohol,  the  solution  evaporated  in  the  cold,  and 
the  residue  again  similarly  treated,  and  finally  freed  from  a  bitter  substance  by 
washing  with  ether.  The  body  thus  obtained  was  a  colourless,  extremely  hygro- 
scopic mass,  easily  soluble  in  water,  resembling  gum  in  appearance  and  taste, 
and  which  could  only  be  rendered  anhydrous  by  heating  to  130**  (266®  F.)  in 
a  current  of  carbonic  anhydride.  It  did  not  reduce  Fehling's  solution, 
neither  was  it  fermentable;  by  heating  with  water  at  160°  (320°  F.)  it  was 
decomposed  in  accordance  with  the  equation  Cj^H^O^j  +  OHj,  =  2C^H„0,,  but 
the  product,  although  capable  of  reducing  Fehling's  solution,  was  appa- 
rently not  dextro-glucose,  as  it  had  a  very  sweet  taste  and  was  very  difficultly 
fermentable. 

In  a  similar  manner,  by  dissolving  anhydrous  dextrose  in  cold  concentrated 
sulphuric  acid,  then  adding  alcohol  and  allowing  the  mixture  to  stand,  Musculus 
(ibid,  [2],  xviii.  66)  obtained  awhite  substance  having  the  properties  of  dextrin,  but 
only  about  twice  as  great  a  rotatory  power  as  dextrose. 


*  Berthelot  has  termed  this  sugar  melitose,  and  the  glucose  derived  from  it 
eucalyn  (1562) — names  which  obviously  fail  to  indicate  the  connexion  which 
exists  between  the  two  bodies ;  the  names  eucalypton  and  eucalyptose  indicate 
not  only  the  origin  of  the  substances  which  they  designate,  but  also  the  relation 
in  which  they  stand  to  each  other,  and  the  group  to  which  each  belongs. 
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III.  Carbohydrates  of  the  Composition  (C^13.yP^)j^. 

(1571)  Starch  ;  Amidin,  Amidon,  Amylum,  Fectda  or  Amy- 
laceous Matter :  (CgHjQOg)^. — The  great  physiological  importance 
of  starch  has  naturally  led  many  chemists  to  subject  it  to  inves- 
tigation, and  far  more  attention  has  been  devoted  to  it  than  to 
any  other  carbohydrate :  notwithstanding  this  our  knowledge  of 
its  behaviour  long  remained  most  imperfect  and  inexact,  owing 
to  the  faulty  nature  gf  the  methods  employed,  and  it  is  only 
quite  recently  that  the  key  to  the  interpretation  of  its  nature  has 
been  discovered  by  O'Sullivan.  His  researches  on  the  action  of 
malt  extract  at  various  temperatures  not  only  throw  much  light 
on  the  nature  of  starch  itself,  and  enable  us  to  explain  the  dis- 
crepant observations  of  previous  investigators,  but  have  in  addi- 
tion the  great  merit  of  indicating  how  such  a  complex  problem 
as  that  involved  in  the  determination  of  the  nature  of  starch  and 
similar  carbohydrates  may  be  successfully  attacked. 

Starch  occurs  in  one  or  other  of  their  organs  in  almost  all 
plants  with  the  exception  of  some  Algae  and  Lichens,  and  always 
appears  in  an  organized  form  as  solid  grain  generallj  having  a  con- 
centrically stratified  structure.  These  arise  at  first  as  minute 
masses  in  the  protoplasm,  and  continue  to  grow  while  lying  in 
it.  The  young  small  grains  appear  to  be  always  spherical, 
but  since  their  growth  is  scarcely  ever  uniform,  their  form 
changes  into  ovoid,  lenticular,  rounded-polyhedral,  &c.  They 
also  vary  greatly  in  magnitude  in  different  species  of  plants, 
those  from  the  Canna  gigantea,  for  example,  which  affords  almost 
the  largest  known,  being  on  an  average  about  '175  mm.  in 
diameter,  while  those  from  the  seeds  of  the  beetroot,  which  are 
almost  the  smallest  known,  measure  only  about  '004  mm. ;  but 
the  grains  from  the  same  species  of  plant  are  also  subject  to  con- 
siderable variation  in  size,  as  may  readily  be  seen  on  microsco- 
pical examination  of  a  section  of  potato,  for  example:  The  mag- 
nified starch  grains  of  the  Canna  are  represented  by  No.  i  of 
the  following  figures.  No.  %  representing  those  of  the  arrow- 
root, which  are  similar  in  form  and  size  to  those  of  the  potato ; 
the  grains  of  wheat  starch  are  much  smaller  (about  '05  mm.  in 
diameter),  and  more  lenticular,  while  those  of  rice  are  angular. 
The  hilum  of  the  grain  is  seen  at  a  in  the  figures. 
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The  grains  of  potato  starch,  if  illuminated  by  polarized  light, 
with  a  NicoFs  prism  interposed  between  the  object  and  the  eye, 
present  a  well-marked  black  cross,  the  centre  of  which  corre- 
sponds with  the  hilum.  When  wheat  starch  is  subjected  to 
microscopic  examination  in  a  similar  manner,  this  cross  is  not 
perceptible ;  its  presence  may  therefore  be  of  service  as  a  means 
of  detecting  the  addition  of  potato  starch  to  wheat  flour. 

The  starch  grains  do  not  consist  of  the  pure  carbohydrate, 
but  contain  water  and  a  very  small  quantity  of  mineral  matter. 
The  water  moreover  is  difierently  distributed  in  the  grain  :  most 
usually  increasing  in  amount  from  without  inwards,  and  attain- 
ing a  maximum  at  a  fixed  point  in  the  interior.  With  the  in- 
crease in  the  proportion  of  water,  the  cohesion  and  density  de- 
crease, as  also  the^  index  of  refraction.  This  change  in  the 
proportion  of  water  is  not,  however,  constant,  but  intermittent. 
To  the  outermost,  least  watery,  layer  succeeds  a  sharply  defined 
watery  layer,  to  this  again  a  less  watery  one,  &c.,  until  the  inner- 
most, less  watery,  denser  layer  surrounds  finally  a  very  watery 
part,  the  nucleus  (Sachs).  Hence  it  is  that  the  grains  exhibit  a 
stratified  structure.  All  the  layers  of  a  grain  are  disposed  around 
this  common  centre,  but  every  layer  is  not  continuously  de- 
veloped around  the  whole  nucleus  ;  in  small  spherical  grains  with 
few  layers,  this  is  always  the  case,  but  when  their*  number  in- 
creases with  growth,  the  number  of  layers  increases  most  in  the 
direction  of  most  vigorous  growth. 

If  starch  from  different  sources  be  boiled  for  some  time  with 
water,  a  paste  is  formed  which  on  the  addition  of  iodine  solution 
assumes  a  beautiful  indigo-blue  colour.  The  paste  formed  by 
merely  warming  potato  starch  with  water  sufficiently  to  cause  the 
grains  to  swell  but  not  to  burst,  is  also  at  once  coloured  in  this 
manner  by  iodine ;  but  if  wheat  starch  be  similarly  treated,  the 
paste  assumes  only  a  red  or  bluish-violet  colour  according  to  the 
amount  of  iodine  added,  and  it  is  only  after  heating  for  a  re- 
latively considerable  time  that  the  liquid  is  coloured  a  pure  blue 
by  iodine.     On  careful  examination  with  the  microscoBe  of  tiie 
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found  moreover  that  not  only  do  tlie  grains  from  different  sources 
assume  different  shadei  of  colour^  but  that  different  parts  of  the 
same  grain  become  coloured  with  different  degrees  of  rapidity, 
and  even  assume  different  shades  of  colour,  Tbus^  iu  tlie  case 
of  potato  starehj  although  the  iodine  must  pass  through  the  outer 
denser  portion  of  the  grains  in  order  to  reach  the  in  tier  less  dense 
portions^  the  latter  become  coloured  first.  These  differences  in 
the  behaviour  of  starches  from  different  soirrcesj  and  of  different 
parts  of  the  grains,  with  iodine,  are  doubtless  due  to  the  dif- 
ferences in  density  before  alluded  to,  and  not  to  the  existence  of 
several  distinct  SLibstancea  giving  different  colours  with  iodine. 
The  coloration  of  starch  by  iodine,  in  fact,  appears  to  depend 
not  on  the  formation  of  a  definite  chenucal  compound,  but  to  be 
the  consequence  of  the  mechanical  interposition  of  the  iodine 
between  the  starch  molecules  :  according  to  the  state  of  aggrega- 
tion of  the  starchj  so  its  attraction  for  iodine  varies,  and  as  the 
result  of  this,  the  shade  of  colour  produced  also  varies^  but  if  by 
continued  boiling  with  water  the  state  of  aggregation  of  the 
various  starches  be  equalized,  they  all  afford  the  same  colour — 
viz.j  blue.  That  starch  possesses  the  greatest  affinity  for  iodine 
in  that  state  of  aggregation  in  which  it  is  coloured  blue  by  iodine, 
is  shown  by  the  fact  that  the  iodine  may  be  withdrawn  by  potato 
starch  from  all  substances  which  are  coloured  violet,  red,  or 
yellow- 
In  a  similar  manner  the  starches  from  different  plants,  and 
also  from  different  parts  of  the  grain,  are  acted  upon  and  rendered 
soluble  by  maceration  with  saHva,  malt  extract,  or  mineral 
acids,  with  \'^ery  different  degrees  of  readiness,  the  starch  which 
is  coloured  blue  by  iodine  apparently  beiug  always  rendered 
soluble  most  readily;  thus^  for  example,  if  wheat  and  potato  starch 
are  together  placed  in  the  same  acid,  the  grains  of  the  former 
still  exhibit  a  violet  colour  with  iodine  when  the  latter  are  merely 
coloured  yellow.  By  more  or  less  prolonged  digestion  with  acids 
the  starch  grains  may  bo  almost  entirely  dissolved,  the  portions 
which  remain  exhibiting  the  form  of  the  original  grains  of  which 
they  were  the  outer  coatings,  and  apparently  consist  of  cellulose 
or  a  closely  allied  substance. 

Starch  is  the  first  visible  product  of  the  assimilation  of  car- 
bonic acid  by  platjts,  but  there  is  uo  evidence  that  it  is  the  first 
product  of  assimilation  which  results  from  the  decomposition  of 
carbonic  acid  in  the  plant ;  on  the  contraryj  there  can  be  little 
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doubt  that  its  formation  is  preceded  by  that  of  one  or  more  sub- 
stances, of  the  nature  of  which,  however,  we  are  at  present 
entirely  ignorant.  There  is  every  reason  to  believe  that  its 
formation  from  carbonic  acid  takes  place  under  the  combined 
influence  of  the  chlorophyll  and  of  light,  for  if  the  young  leaves 
of  a  plant  be  submitted  to  microscopical  examination,  the  chloro- 
phyll grains  are  found  to  be  charged  with  starch,  which  gradually 
disappears  on  placing  the  plant  in  darkness ;  if  it  be  then 
again  exposed  to  light,  the  chlorophyll  grains  again  become 
charged  with  starch,  which,  as  before,  disappears  on  keeping  the 
plant  in  darkness.  The  occurrence  of  starch  in  plants  destitute 
of  chlorophyll  is  only  an  apparent  exception  to  the  above  state- 
ment, as  these  are  always  parasitic  on  plants  which  contain  chlo- 
rophyll ;  its  occurrence  in  plants  in  those  parts  which  are  not  only 
destitute  of  chlorophyll,  but  even  hidden  from  the  light,  such  as 
the  tubers  of  the  potato,  for  example,  is  in  a  similar  manner  due 
to  the  transference  of  the  starch  originally  formed  in  the  leaves 
to  the  parts  in  question,  but  how  this  transference  takes  place — 
i.e.,  how  the  starch  is  rendered  soluble— and  in  what  form  it  is 
transported,  is  at  present  unknown  :  it  has  merely  been  asccr- 
tained  that  the  sap  in  the  cellular  tissue  which  intervenes  between 
the  parts  where  the  starch  is  formed  and  those  in  which  it  is 
stored  up  for  use  at  a  future  period  of  growth  contains  a  sub- 
stance (?  a  glucose)  capable  of  reducing  Eehling's  solution. 

That  the  starch  is  formed  more  or  less  directly  from  the 
carbonic  acid  absorbed  from  the  atmosphere  has  been  proved  by 
Godlewski  {Flora,  1873,  p.  383),  who  found  that  no  starch  is 
produced  in  the  chlorophyll  grains,  even  in  the  light,  in  an  atmo- 
sphere devoid  of  carbonic  anhydride,  and  that  the  starch  con- 
tained in  the  chlorophyll  disappears  when  the  carbonic  anhydride 
is  removed  from  the  surrounding  atmosphere,  not  only  in  the 
dark,  but  even  in  bright  light. 

Light  of  all  degrees  of  refrangibility  does  not  equally  favour 
the  formation  of  stai'ch,  which  proceeds  vigorously  in  light  trans- 
mitted through  a  solution  of  potassic  bichromate,  but  only  to  a 
very  limited  extent  in  light  which  has  passed  through  an  ammo- 
niacal  solution  of  cupric  sulphate ;  in  fact,  the  yellow  and  not 
the  violet  or  so-called  chemical  rays  are  most  active  in  promoting 
the  formation  of  starch.  By  observing  the  amount  of  oxygen 
evolved  (which  probably  bears  a  direct  relation  to  the  amount 
of  starch  formed)  in  a  given  time  on  exposing  a  water  plant, 
Elodea  canadensis^  in  difiPerent  parts  of  an  intense  solar  spectrum 
23  cm.  long  to  a  portion  13  mm.  in  breadth^  Sachs  has  found  that 
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the  different  regions  of  the  spectrum  possess  the  following  mean 
capacities  for  decomposition : 

Red 25-4 

Orange 63*0 

Yellow loo'O 

Green 37 '2 

Blue 22*1 

Iridigo 135 

Violet 7*1 

The  curve  representing  these  results  coincides  nearly  with  the 
curve  of  brightness.  It  is  a  remarkable  fact  that  the  light  which 
is  most  active  in  promoting  the  evolution  of  oxygen  from  car- 
bonic acid  and  water  in  the  plants  and  the  formation  of  starch,  is 
chiefly  that  which  passes  nnabsorbed  through  chlorophyll.* 

Lastly,  it  may  be  pointed  out  that  certain  mineral  salts, 
notably  potassium  salts,  are  essential  to  the  production  of  starch, 
for  not  only  are  potassium  salts  of  constant  occurrence  in  organs 
containing  starch  and  sugar,  but  direct  experiments  have  shown 
that  starch  is  not  formed  in  the  absence  of  these  salts.  At 
present  we  have  no  conception  of  what  their  function  may  be ;  it 
is  possible,  however,  that  they  exercise  an  influence  similar 
to  that  which  minute  quantities  of  many  acids  and  a  number  of 
salts  exercise  in  the  formation  of  condensation  products  and 
polymerides  of  the  aldehydes  (q.  v.). 

Starch  is  met  with  in  great  abundance  in  all  dicotyledonous 
seeds,  particularly  in  those  of  leguminous  plants,  such  as  peas 
and  beans.  The  monocotyledon ous  seeds  of  the  Cerealia  or  com 
tribe  contain  it  still  more  largely ;  it  is  also  abundant  in  the 
tubers  of  the  potato,  in  the  roots  of  the  Marania  arundinacea  and 
Jatropha  manihoi,  in  the  pith  of  the  sago  palm,  and  in  many 
other  plants.  Its  manufacture  from  one  or  other  of  these  mate- 
rials may  now  be  briefly  described. 

Potato  Starch, — The  amount  of  starch  in  potato  tubers  differs  in  different 
varieties,  and  is  also  subject  to  considerable  variation  in  the  same  variety,  accord- 
ing to  the  conditions  of  cultivation ;  on  an  average  they  contain  from  20  to  27 
per  cent  of  starch,  and  from  70  to  76  per  cent,  of  water.  The  cellular  tissue  of 
the  tuber  does  not  exceed  2  per  cent,  of  the  mass ;  in  fact,  there  is  oomparar 
tively  little  insoluble  solid  matter  besides  starch  in  potatoes,  and  hence  the 
methods  in  use  in  different  manufactories  for  extracting  the  starch  are  in  prin- 
ciple the  same,  and  differ  only  with  regard  to  the  machinery  employed.  The 
tubers  are  first  freed  as  far  as  possible  from  adhering  earth  by  a  thorough  wash- 
ing, and  are  then  rasped  by  machinery ;  the  pulp  thus  obtained  is  received  upon 

*  For  further  information  on  this  subject,  and,  in  fact,  for  ^  full  account  of 
our  knowledge  of  the  manner  in  which  starch  is  formed  in  plants,  and  of  its 
physiological  importance,  Ac,  the  student  is  referred  to  Sachs's  "  Text-Book  of 
Botany/'     London  :  Macmillan  &  Co. 
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tne  ftievA  is  receivea  into  vats,  ana  atter  tne  matter  m  suspension  has  subsided, 
the  supernatant  liquid  is  drawn  off,  and  the  deposit  submitted  to  systematic  wash- 
ing with  the  object  of  separating  the  starch,  on  the  one  band  from  the  heavier 
earthy  particles  ^m  which  it  is  impossible  completely  to  free  the  tubers  by 
washing,  and  on  the  other  from  the  lighter  particles  of  cellular  tissue.  It  is  first 
well  stirred  up  with  water,  and  after  a  short  time  the  milky*  liquid  is  drawn  off 
from  the  deposit  of  sand,  <&c. ;  this  milky  liquid  is  then  allowed  to  stand  from 
four  to  six  hours,  during  which  time  the  heavier  and  larger  grains  of  starch  sub- 
side to  the  bottom  of  the  vessel,  while  the  lighter  particles  of  cellular  tissue 
mixed  with  the  finer  grains  of  starch  form  a  layer  above  them.  The  water  is 
now  run  off,  the  grey  upper  layer  of  the  deposit  carefully  removed,  and  the 
residue  again  once  or  twice  washed  with  fresh  water  in  a  simUar  manner ;  finally, 
it  is  suspended  in  water,  the  mixture  run  through  a  fine  sieve,  and  the  starch 
having  been  allowed  to  settle,  the  water  is  drawn  off  as  completely  as  possible.  It 
was  formerly  the  custom  to  remove  much  of  the  water  from  the  thick  paste  thus 
obtained  by  means  of  dry  cloths  or  by  placing  it  upon  porous  tiles;  but  the  use 
of  centrifugal  machines  is  now  becoming  general  for  this  purpose.  The  final 
drying  is  effected  in  specially  constructed  chambers,  by  the  application  of  a  mode- 
rate heat.  In  this  way  only  from  66  to  at  most  75  per  cent,  of  the  starch 
present  in  the  tubers  b  extracted,  chiefly  on  account  of  the  impossibility  of 
effecting  by  mechanical  means  the  rupture  of  the  walls  of  all  the  cells  in  which 
it  is  inclosed. 

Wheat  Starch. — Wheat  contains  from  50  to  75  per  cent,  of  its  weight  of 
starch,  and  in  addition  a  considerable  quantity  of  insoluble  nitrogenous  matters 
collectively  termed  gluten,  amounting  to  from  10  to  35  per  cent,  of  its  weight, 
the  grain  being  usually  the  richer  in  gluten  the  less  starch  it  contains.  On 
this  account  starch  is  less  readily  extracted  from  wheat  than  it  is  from  potato 
tubers.  The  oldest  method,  and  that  which  is  still  most  commonly  employed, 
is  briefly  as  follows : — The  grain  is  first  softened  by  steeping  in  water  and  is  then 
crushed  between  rollers,  or  it  is  coarsely  ground  and  then  wetted  with  water,  after 
which  it  is  placed  with  water  in  a  large  vat,  where  it  is  allowed  to  remain  for 
several  days.  Fermentation  then  takes  place,  chiefly  at  the  expense  of  the  sugar 
in  the  grain  and  of  some  of  the  starch,  and  the  liquid  becomes  strongly  acid 
owing  to  the  formation  of  lactic  and  acetic  acids ;  not  only  is  this  the  case,  but  the 
gluten  becomes  in  part  dissolved  by  the  action  of  the  acids,  and  in  part  disaggi*e- 
gated,  and  loses  its  tenacity  to  such  an  extent  that  the  starch  may  readily  be 
separated  from  it  by  mechanical  means,  and  purified  by  washing  in  the  manner 
already  described.  A  similar  method  is  employed  in  the  manufacture  of  starch 
from  maize. 

The  starch  may  also  be  extracted  by  kneading  the  grain  on  a  sieve  with  water, 
either  after  it  has  been  ground,  or  after  steeping  it  in  water  and  then  crushing 
it  between  rollers,  the  kneading  being  continued  as  long  as  the  washings  run 
through  milky ;  the  milky  liquid  is  then  allowed  to  ferment  and  become  acid,  so 
as  to  dissolve  the  gluten  still  adhering  to  the  starch,  the  subsequent  purification 
being  effected  in  the  usual  manner  by  washing.  The  great  advantage  of  this 
method  is  that  it  does  not,  like  the  previous  one,  involve  the  loss  of  the  gluten. 

Bice  Starch. — In  the  foregoing  method  of  preparing  starch  from  wheat  by 
fermentation,  much  of  it  is  wasted,  the  whole  of  the  gluten  is  lost,  and  the  opera- 
tion is  attended  with  the  continual  evolution  of  gases  of  an  offensive  odour,  which 
are  a  source  of  annoyance  to  the  neighbourhood  iu  which  the  manufacture  is 
carried  on.  These  inconveniences  were  overcome  by  Mr.  0.  Jones,  who,  in  the 
yi!^  1840^  took  out  a  puieut  for  tlie  manufacturii  of  «tirtih  by  a  moLbod  whloh 


gluten.  Tbe  process  of  Mr.  Jones  consists  in  separating  these  two  materials  by 
means  of  a  very  weak  solution  of  alkali,  which  dissolves  the  gluten,  bnt  leaves 
the  starch  granules  unaltered : — lOO  lb.  of  rice  in  the  form  of  grain  are  macerated 
in  five  times  its  weight,  or  50  gallons  of  a  solution  containing  ^^  of  its  weight 
of  caustic  soda-;  after  the  lapse  of  24  hours  the  alkaline  liquid  is  drawn  off,  and 
replaced  by  water,  and  this  having  been  drawn  off,  the  rice  is  allowed  to  drain. 
It  is  next  ground  into  a  paste  and  passed  through  a  fine  sieve,  and  is  then 
digested  in  fresh  ley  for  24  hours  longer  with  frequent  agitation.  The  whole  is 
then  allowed  to  stand  for  about  70  hours,  when  the  supernatant  liquid  is  drawn 
off.  the  deposit  stirred  up  with  water,  the  mixture  allowed  to  rest  for  an  hour, 
during  which  time  the  vegetable  fibre  subsides,  and  the  milky  liquid  is  then  run 
off  into  a  separate  vessel,  where  the  starch  is  deposited ;  finally  the  starch  is 
washed,  mixed  with  a  little  smalt  to  give  it  the  blue  tinge  preferred  in  the 
market,  drained,  and  dried  in  the  usual  manner.  The  liquid  which  floats  above 
the  starch  is  turbid,  has  a  yellow  colour,  and  contains  the  gluten  of  the  grain  in 
solution.  From  this  liquid  the  gluten  may  be  recovered  by  carefully  neutralizing 
the  solution  with  sulphuric  acid. 

Other  Sources  of  Starch. — If,  during  the  preparation  of  starch,  the  tempera- 
ture employed  in  its  desiccation  be  raised  to  60®  (140°  F.),  a  transparent 
jelly  is  produced,  which,  when  dry,  is  no  longer  farinaceous,  but  assumes  the 
form  of  semi-transparent  granules.  Sago  is  the  starch  procured  from  the  pith  of 
the  sago  palm  by  making  it  into  a  paste  with  water,  and  pressing  the  mixture 
through  a  perforated  metallic  plate ;  the  little  cylinders  thus  obtained  are  granu- 
lated by  placing  them  in  a  revolving  vessel,  and  the  granules  are  then  exposed 
upon  a  sieve  to  a  jet  of  steam,  and  subsequently  dried.  Tapioca  is  the  starch  of 
the  Jatropha  manihot,  which  is  pressed  through  a  colander,  and  dried  upon  a 
metallic  plate  heated  to  100°  (212°  F.).  It  is  thus  formed  into  granular,  semi- 
transparent  irregular  masses.  Arrowroot  is  the  starch  of  the  Maranta  arun- 
dtTMcea,  and  of  one  or  two  other  tropical  plants. 

The  starches  prepared  from  different  materials  possess  some- 
what diflferent  properties,  and  one  kind  is  often  preferred  to 
another  for  a  given  purpose :  for  example,  it  is  said  that  rice 
starch  is  preferable  to  wheat  starch  for  finishing  cloth,  100  Ihs. 
of  the  former  being  equal  to  115  lbs.  of  the  latter;  and  that 
maize  starch  has  a  greater  stiffening  power  than  either  wheat  or 
potato  starch,  wheat  starch  being  superior  to  potato  starch. 

Pure  starch  is  a  white,  glistening,  perfectly  odourless,  tasteless 
powder.  In  the  form  in  which  it  is  usually  sold,  it  contains 
about  18  per  cent,  of  water,  corresponding  to  the  formula 
CgH^QOg  +  aOHj^,  but  after  drying  over  sulphuric  acid  in  vacuo,  it 
has  the  composition  CgH^QOg  +  OHj.  It  may  be  rendered  anhy- 
drous by  heating  to  100°— 11  o^  (212° — 230°  P.)  in  a  current  of 
dry  air;  the  anhydrous  substance  is  extremely  hygroscopic. 
According  to  Fliickiger,  the  sp.  gr.  of  potato  starch  dried  at 
100°  (212''  P.)  is  1-633  at  17°— 18°  (62°-6-64%  P.),  but  that 
of  arrowroot  starch  only  1*568. 

Anhydrous  starch  may  be  heated  to  160®  (320°  P.)  without 
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undergoing  change^  but  if  heated  for  an  hour  or  two  at  about 
200°  (392®  F.)  it  becomes  completely  soluble  in  cold  water. 
Commercial  starchy  on  the  contrary,  is  rendered  completely  solu- 
ble by  beating  to  only  160°  (320°  P.)  in  closed  vessels.  The  precise 
nature  of  the  change  which  takes  place  is  not  known,  but  the 
product  contains  dextrin  and  sugar  (?  amylon),  besides  certain 
optically  inactive  substances  which  are  without  action  on  Fehling's 
solution.  This  soluble  torrefied  starch  is  known  under  the  name 
of  British  gum,  and  is  largely  employed  by  calico  printers  for 
mixing  with  their  colours  in  order  to  give  them  the  requisite  con- 
sistence. When  starch  is  submitted  to  dry  distillation,  it  yields 
carbonic  anhydride  and  gaseous  hydrocarbons,  together  with  acetic 
acid  and  other  products. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether,  and  does 
not  undergo  the  least  alteration  when  preserved  in  contact  with 
water  at  ordinary  temperatures ;  but  if  heated  with  water  to  a 
temperature  which  is  said  to  vary  from  45*" — 90"*  (113° — 194°  P) 
for  different  varieties  (comp.  Lippmann,  Jottm./?r.  Chem.,  cxxx.  51), 
the  grains  absorb  water  and  swell  up,  and  finally  the  mixture 
assumes  a  viscous,  pasty  condition. 

If  thiB  starch  paste  or  gelatinized  starch  be  largely*  diluted  with  hot  water, 
an  apparent  solation  of  starch  is  obtained,  from  which  nothing  separates  on 
cooling ;  it  is  generally  considered,  however,  that  the  starch  is  not  actually  dis- 
solved, but  merely  suspended  in  the  liquid.  The  starch  may  be  precipitated 
from* the  liquid  by  the  addition  of  alcohol,  but,  according  to  Payen  and  Persoz, 
the  form  in  winch  it  separates  depends  on  the  length  of  time  during  which  the 
starch  is  heated  with  water,  the  flocculi  being  smaller  and  less  coherent,  the 
longer  the  heating  is  continued.  Nsegeli.has  observed  that  this  is  also  the  cane 
when  the  starch  is  separated  by  freezing  the  liquid,  and  then  allowing  it  to 
thaw  ;  thus,  if  starch  be  merely  triturated  with  hot  water,  and  the  filtered  liquid 
be  then  frozen,  the  starch  sepai'ates  in  long,  coherent  tlireads,  but  if  the  liquid 
be  boiled  for  a  shorter  or  longer  period  before  freezing,  it  is  obtained  in  the  form 
of  short  threads,  irregularly-shaped  flat  masses  or  balls,  being  the  more  fine!}' 
divided,  the  lon^r  the  heating  is  continued.  Starch  thus  separated  from  water 
is  coloured  blue  by  iodine,  and  is  without  action  on  polarized  light ;  it  is  said 
that  after  drying,  it  may  be  reduced  to  an  extremely  fine  white  powder,  which 
does  not  form  a  gelatinous  mass  like  the  original  stanch  on  treatment  with  hot 
water.  According  to  B^champ,  if  starch  be  heated  under  pressure  at  about 
150**  (302°  P.)  with  5  to  15  times  its  weight  of  water,  a  limpid  solution  is  ob- 
tained which  may  be  readily  filtered,  and  which  as  it  cools  deposits  minute  sphe- 
rical granules  no  larger  than  the  smallest  starch  grains  which  occur  naturally. 
These  granules  are  tinged  blue  by  iodine :  they  are  sparingly  soluble  in  cold  water, 
but  dissolve  readily  when  the  temperature  is  raised  to  70°  (158**  F.)  or  upwards, 
and  hence  this  product  is  termed  soluble  starch.  The  aqueous  solution  is 
dextrorotatory,  its  apparent  sp.  rot.  power  being  [a]j  =  2H°;  it  yields  a  pre- 
cipitate on  the  addition  of  alcohol. 

Although  there  can  thus  be  little  doubt  that  starch  undergoes  alteration  when 
heated  with  water,  the  nature  of  the  alteration,  and  the  relation  which  the 
•o-called  soluble  starch  bears  to  ordinaiy  starch   has  yet  to  be  ascertained. 
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Soluble  Btarch  is  also  the  first  product  of  the  action  of  acids  and  malt  extract  on 
starch.  Apparently  it  has  the  same  empirical  composition  as  ordinary  starch, 
but  there  is  not  sufficient  evidence  to  show  whether  it  is  a  distinct  componud,  as 
appears  probable,  or  merely  a  substance  differing  mechanically  from  itie  latter. 
Whatever  its  nature  may  be  howerer,  it  appears  not  improbable  that  starch  as  it 
occurs  naturally  is  an  insoluble  substance,  and  that  the  reactions  manifested  by 
a  "  solution"  of  starch  are  mainly  those  of  soluble  starch. 

The  tendency  of  starch  to  furnish  metallic  derivatives  is  far 
less  pronounced  than  that  of  any  of  the  carbohydrates  previously 
considered.  Ammonia  does  not  cause  starch  to  gelatinize,  but  if  it 
be  placed  in  contact  with  a  i|  or  2  per  cent,  solution  of  potassic 
or  sodic  hydrate^  the  granules  swell  up  enormously^  and  form  a 
tenacious  paste ;  the  tendency  to  absorb  alkaline  liquids  appears 
to  be  greatly  increased  by  drying,  for  if  starch  dried  in  vacuo  be 
placed  even  in  a  i  per  cent,  solution  of  the  alkali,  the  granules 
become  so  distended  that  they  burst.  By  precipitating  the  paste 
formed  by  the  action  of  alkalies  with  alcohol  and  ether,  then 
washing  with  these  liquids  and  drying  in  vacuo,  a  product  is 
obtained  which,  according  to  Tollens,  contains  for  each  atomic 
proportion  of  potassium  or  sodium  from  24  to  30  atomic  propor- 
tions  of  carbon. 

A  solution  of  starch  'yields  precipitates  on  the  addition  of 
lime  and  baryta  water,  which  are  soluble  in  a  large  quantity  of 
water ;  it  also  affords  a  white  precipitate  on  the  addition  of  an. 
ammoniacal  solution  of  plumbic  acetate,  which  approximately  has 
the  composition  C^gH^gPhgOi^.  Tannin  also  affords  a  white 
precipitate  with  starch,  which  dissolves  on  warming  the  liquid^ 
but  reappears  as  it  cools. 

A  solution  of  starch  in  alkali  yields  a  blue  precipitate  on  the 
addition  of  cupric  sulphate,  which  is  soluble  in  pure  water  and 
may  be  heated  without  becoming  black. 

According  to  Schiitzenberger,  different  varieties  of  starch  are 
acted  upon  with  different  degrees  of  readiness  by  acetic  anhy- 
dride, and  the  presence  of  more  or  less  water  in  the  starch  also 
has  an  influence  on  the  temperature  at  which  the  action  takes 
place.  If  a  mixture  of  anhydrous  starch  with  10-15  per  cent,  of 
the  hydrate  be  heated  at  140°  (284°  F.)  with  acetic  anhydride,  the 
starch  swells  up  without  dissolving,  or  is  only  partially  dissolved. 
The  product,  after  washing  with  water,  is  a  white  amorphous  body, 
and  is  not  coloured  blue  by  iodine ;  on  saponification  by  alkali  it 
yields  a  substance  which,  like  the  original  starch,  is  insoluble  and 
coloured  blue  by  iodine.  When  dried  at  120°  (248°  F.),  it  has 
the  composition  of  a  triacetate,  CgH^(CgH302)302.  A  body  of  the 
same  composition  is  obtained  by  heating  anhydrous   starch  with 
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acetic  anhydride  to  about  150°  (302°  F.) ;  under  these  circum- 
stances the  starch  is  dissolved,  forming  an  amber-coloured  liquid, 
from  which  water  precipitates  the  new  compound  as  a  white 
amorphous  substance,  which  is  readily  saponified  by  dilute  alka- 
lies at  100°  (212°  P.),  yielding  soluble  starch.  At  still  higher 
temperatures  a  triacetate  is  formed  which  yields  dextrin  on 
saponification;  in  fact,  however  great  the  excess  of  anhydride 
employed,  and  however  high  the  temperature  to  which  the  mix- 
ture is  heated,  the  triacetate  is  the  highest  derivative  which  can 
be  formed. 

Starch  dissolves  readily  in  cold  concentrated  nitric  acid,  and 
on  adding  water  to  the  solution,  a  white  precipitate  of  so-called 
xylo'idin  is  obtained,  which  apparently  is  a  mono-nitrate  of  the 
formula  CgHj(N03)0^ ;  if  a  mixture  of  concentrated  nitric  and 
sulphuric  acids  be  employed,  an  explosive  dinitrate,  CgHg(N03)203, 
is  produced.  It  is  questionable  whether  the  bodies  thus  obtained 
are  directly  derived  from  starch ;  Becharap  states  that  they  differ 
considerably  in  properties  according  to  the  manner  in  which  they 
are  prepared,  and  as  starch  is  known  to  undergo  modification 
with  great  readiness  under  the  influence  of  acids,  this  is  by  no 
means  surprising.  By  reducing  the  mono-nitrate  with  ferrous 
chloride  he  obtained  soluble  starch. 

When  starch  is  triturated  with  cold  concentrated  sulphuric 
acid,  a  more  or  less  coloured  liquid  mass  is  obtained,  which  readily 
dissolves  in  water. 

Little  is  known  of  the  oxidation  products  of  starch.  When 
it  is  heated  with  nitric  acid,  an  abundance  of  oxalic  acid  is  pro- 
duced, and  this  acid  is  also  formed  on  fusing  it  with  potassic 
hydrate  and  a  little  water ;  it  is  said  that  in  the  latter  case  acetic 
and  propionic  acids  are  simultaneously  produced.  By  heating  it 
with  water  and  bromine  at  100°  (212°  F.),  and  subsequently  neu< 
tralizing  the  solution  with  argentic  hydrate,  &c.,  it  is  converted 
into  dextronic  acid,  CgH^gO^  (Habermann,  Ann.  Chem.  Pharm,, 
clxxii.  11). 

It  now  remains  to  consider  the  behaviour  of  starch  in  pre- 
sence of  dilute  acids,  and  of  the  *'  unorganized  ferments'^  of  malt 
extract,  saliva,  &c.,  all  of  which  apparently  exert  a  similar  in- 
fluence, differing  only  in  the  readiness  with  which  they  induce  its 
decomposition. 

When  starch  paste  heated  to  a  temperature  of  abont  60° — 70**  (140° — ijS^F.) 
is  mixed  with  a  cold  extract  of  malt,  the  starch  rapidly  becomes  dissolved  and  a 
limpid  liquid  is  obtained ;  if  a  small  poi-tion  of  the  liquid  be  taken  at  intervals, 
cooled,  filtered,  and  tested  with  iodine,  it  will  be  found  that  at  first  it  is  coloured 
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they  are  equally  observed  if  the  stapcli  pa»te  be  warmed  with  a  ttmall  quantitj  of 
sulpbnric  acid,  and  even  oudic  acid  mny  be  employed  to  produce  thom,  although 
it  act*  much  more  slowly.  WeaTO  nof,  however,  at  present  aware  of  the  nature 
of  all  the  changes  whieh  are  thuK  iijdirated,  the  final  stage  ulone  having  been 
thoroughly  invei; titrated,  but  we  attribiite  the  solution  of  the  starch  under  the 
influence  oFthe  malt  extrnct,  or  of  the  acid,  ic  the  formation  o^  *oluhh  siarrh — 
a  body  of  which t  as  already  stated,  tbe  relation  to  starch  is  not  yet  aseert^ined  ; 
at  the  time  when  the  eolation  i^  coloured  reddish-brown  by  iodine,  it  contains  a 
substance  wbielv  ha«  received  the  name  of  a*fieHHn,  but  of  this  we  know  scurcely 
more  than  of  soluble  starch.  When  the  solwtion  is  no  longer  coloured  by  iodine, 
it  coniairiii  a  body  capahle  of  reducing  Fehliiif^'ft  solution^  together  with  a  *<ub- 
(•taoce  not  havinf^  that  power,  the  latter  ofw^hich  is  known  as  ^'deMrin  or  dextrin, 
but  whitih  in  the  following  description  will  be  termed  am^lirt^  these  two  sulistitnces 
being  prpsent  in  proportions  which  vary,  as  will  be  shown  later  on,  aecordinK  to 
the  temperature  at  which  the  ajcd,ion  of  the  malt  extract  haa  taken  place.  The 
Hubstance  capable  of  reducing'  Ft^hlinfj's  solution  has  been  almost  untversaUy 
re^rded  as  dextrose,  notwithjitandinj;  that  Dnbrunfaut  pointed  out  that  its  pro- 
perties were  altogether  different  from  those  of  sucrodextrose,  but  as  else- 
where stated*  O'JiiullIvan  has  receixtly  shown  that  it  ia  a  body  isomeric  with 
C4ine-sugar,  The  manner  in  which  he  haa  proved  this,  and  in  which  amnion — 
the  sugar  in  question  (foot-note,  p.  6i  2)^and  amylin  are  isolated  from  the  product 
of  the  action  of  malt  extract  on  starch  paste  may  now  be  briefly  de*icribed. 

Amnion  {Maltose). — The  method  employed  by  O'RulUvan  for  separating 
amy  I  on  from  the  prodiact  of  the  action  of  malt  extract  on  starch  was  as  follows  i^— 
loo  e^rams  of  air-dried  starch  were  mised  with  300  cc*  water  at  40*  (104°  F,)i 
tlir.*  mixture  well  stirred,  and  then  poured  with  continual  stirriu^  into  two  litres 
of  boiHng  water.  The  p&at+»  wha  cooled  to  40^  (104"^  F.),  the  cold  extract  frum 
thirty  grams  of  pale  malt  added  to  it,  and  the  mixture  kept  between  40°  and  ^^° 
(104°  and  T  13^^  F.)  for  thrt'e  Imurrt.  It  was  then  bfjilinl  for  iome  time,  cooled, 
liltereiJ,  and  the  filtrate  evajwrated  at  So°  (176°  F.)  to  300  co.  The  apparent 
specific  rotatory  power  of  the  total  sidid  matter  in  solution  calculated  from  the 
sp.  ^.  was  the  same  after  evaporation  as  before  boiling  :  hence  these  operation* 
had  produced  no  change  in  the  substances  present.  The  300  oc.  of  syrup  was 
boiled  for  a  short  time  with  two  litres  of  alcohol  of  sp-  gr.  ^820  ;  ailer  cooling,  the 
clear  solution  was  decanted  from  the  undissolved  syrup,  and  put  aside  in  a  corked 
flask.  At  the  end  of  six  days  the  gides  of  the  fiask  were  covered  with  a  crystal- 
line cruat  of  amylom  The  substance  thus  obtained  ^  after  drying  at  1 00°  (212^  F.), 
had  an  apparent  specific  rotatory  poorer  [rt]j  =  150^^,  aid  100  pts.  reduced  only 
as  murh  Pehling's  sohttion  as  65  part^  of  ancrodextroee. 

Schulze  and  irhvieh  {DejtL  vhem.  Gm.  Ber,,  vii.  1047),  instead  of  employ- 
ing' malt  extrBi:t,  used  the  diastase  obfained  by  precipitating  an  aqueous  ei tract 
of  malt  by  alcohol,  allowing:  it  to  act  on  atarcli  paste  at  a  temp^^rature  of  about 
60^  (140^  F.).  The  resulting  solution  wa.^  eva|>orated  to  a  small  hulk,  and  the 
residue  mixed  with  alcohol;  the  clear  liquid  was  then  poured  off  from  the  solid 
matter  thus  separated,  and  evapi^jrated  to  a  sj-rup.  which  was  boiled  with  strong 
alcohol.  On  coolings  the  clear  solution  was  decanted  from  the  undisBolved 
matter,  and  concentrated  by  evapomtion  over  Hulphuric  acid;  as  a  rule,  the 
amy  Ion  wai?  found  to  separate  from  this  solution  in  the  fJ>rm  of  a  syrup,  which 
cry&tallized  after  jnome  time.  It  was  purified  by  recryst^tllization  from  w:iter. 
The  vahies  obtain ed  by  Schulze  and  Uhrich  for  the  apparent  Kp.  roL  power  and 
cupric  oxide  reducing  power  of  the  anhydtous  substance-— viz.,  for  the  former 
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[a],=  I49*''5,  *°^  ^^^  ^®  latter  66 — 67,  agree  very  closely  with  those  af 
O'SuUivan. 

O'Sallivan  appears  to  have  placed  it  beyond  doabt  that  the  substance  thus  pre- 
pared is  a  definite  compound,  and  not  a  mixture  of  a  body  having  the  same  uuprio 
oxide  reducing  power  as  sucrodextrose  with  a  uon-reducing  substance ;  for  he  has 
found  that  not  only  can  it  be  prepared  time  afler  time  with  the  same  properties, 
but  also  that  the  crystals  which  separate  at  intervals  from  an  alcoholic  solution 
allowed  to  evaporate  spontaneously  have  always  the  same  apparent  specific  rota- 
tory power  and  cupric  oxide  reducing  power,  and  that  they  may  be  recrystallized 
from  water  without  change ;  he  has  also  shown  that  if  the  product  of  the  action 
of  malt  extract  on  starch  be  submitted  to  dialysis,  whatever  its  apparent  sp.  rot. 
power,  that  of  the  solid  matter  in  the  diffusate  is  always  [a]^  =150^,  or  there- 
abouts (corop.  Jaum.  Chem.  8oe.,  1876,  i.  479). 

AfMflin  {j^-dextrin  or  dextrin). — The  separation  of  this  body  in  the  pure 
state  is  much  less  readily  effected  than  that  of  amylon,  owing  to  the  great  diffi- 
culty of  removing  the  latter  from  it ;  in  fact,  it  has  not  yet  been  obtained 
perfectly  free  from  the  latter.  It  may  be  prepared  by  the  action  either  of  malt 
extract  or  of  acids,  preferably  sulphuric  acid,  on  gelatinized  starch.  If  the 
former  be  employed,  the  paste,  prepared  as  described  above,  from  100  grams 
potato  starch — which  is  more  readily  acted  upon  than  most  varieties — cooled  to 
about  70°  (158^  F.),  is  mixed  with  the  cold  extract  from  twenty  grams  of  pale 
malt.  Decomposition  of  the  starch  rapidly  takes  place,  and  after  a  .short  time 
it  is  found  that  a  portion  of  the  solution  filtered  cold  is  no  longer  coloured  by 
iodine.  When  this  is  the  case,  the  liquid  is  boiled  for  a  short  time  to  render  the 
diastase  inactive,  then  allowed  to  cool,  and  filtered  from  some  insoluble  matter 
which  almost  invariably  retains  the  property  of  being  coloured  bine  by  iodine. 
The  filtrate  is  evaporated  on  the  water  bath  to  300  cc.,  and  the  residue  mixed 
with  alcohol  of  sp.  gr.  about  '830 ;  this  causes  the  separation  of  the  amylin 
(dextrin)  as  an  almost  white  waxy  mass.  In  order  to  purify  it,  it  is  dissolved 
in  the  least  possible  quantity  of  water,  and  reprecipitated  with  alcohol ;  these 
operations  being  several  times  repeated.  In  order  to  prepare  amylin  by  the 
action  of  sulphuric  acid,  the  paste  from  100  gi*ams  starch  is  heated  with  10  cc. 
ordinary  sulphuric  acid  until  the  solution,  filtered  cold,  is  no  longer  coloured  by 
iodine ;  the  acid  is  then  removed  by  the  careful  addition  of  baric  hydrate  solu- 
tion, the  filtrate  concentrated  to  300  cc.,  and  the  syrup  precipitated  with 
alcohol. 

The  product  thus  obtained,  even  after  it  has  been  as  often  as  30  times 
alternately  dissolved  in  water  and  precipitated  with  alcohol,  still  retains  the 
power  of  reducing  Fehling's  solution,  100  pts.  of  the  dry  substance  having  the 
same  cupric  oxide  reducing  power  as  8*5  to' 9  pts.  of  dextrose. 

The  fact  that  the  substances  obtained,  a,  by  the  action  of  malt  extract ;  h,  by 
the  action  of  sulphuric  acid ;  and  c,  by  the  action  of  oxalic  acid,  exhibit  the  same 
cupric  oxide  reducing  power,  and  have  the  same  apparent  sp.  rot.  power,  viz., 
[aj]j  =  204° — 205**  (O'SuUivan),  would  seem  to  indicate  that  the  composition  of 
the  substance  prepared  by  the  three  methods  is  the  same,  but  also  to  suggest 
that  the  amylin  has  the  property  of  reducing  Fehling's  solution.  That  pure 
amylin  has  not  this  property,  however,  thei'e  can  be  little  doubt,  as  the  cupric 
oxide  reducing  power  may  be  greatly  diminished  if  the  precipitate  produced  by 
alcohol  in  the  syrup  obtained  as  described  above  from  the  product  of  the  action 
either  of  malt  extract  or  of  acids  on  starch  paste  be  submitted  to  fermentation. 
For  this  purpose  it  is  dissolved  in  water,  the  solution  boiled  to  drive  off  the 
alcohol,  cooled  to  20°  (6Z^  F.),  and  an  amount  of  yeast  added  to  it  equal  to 
about  3  per  cent  of  the  matter  in  solution.  When  fermentation  is  complete  and 
the  liquid  has  become  clear,  it  is  filtered  and  precipitated  with  alcohol ;  the 
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precipitate  is  then  dissolved  in  a  small  qnantity  of  water,  the  solution  filtered  if 
necessary,  and  reprecipitated,  this  process  being  repeated  three  or  four  times. 
The  supernatant  liquid  of  the  last  precipitation  having  been  decanted,  the  pre- 
cipitate is  covered  with  strong  alcohol,  which  causes  it  gradually  to  break  up  into  a 
white,  apparently  semi-crystalline,  powder ;  this  is  washed  two  or  three  times  with 
alcohol,  thrown  on  a  filter,  rapidly  pressed  between  folds  of  bibulous  paper,  and 
then  placed  over  sulphuric  acid.  If  this'  precaution  be  not  quickly  taken  moisture 
is  absorbed,  and  the  powder  again  becomes  soft  and  waxy.  The  reducing  power 
exerted  by  the  substance  dried  at  100°  (212°  F.)  in  a  current  of  dry  air,  when 
boiled  for  twenty  minutes  with  Feliling's  solution,  and  also  its  apparent  sp.  rot 
power,  were  determined  by  O'Sullivan  for  eight  distinct  preparations  made  in 
the  following  way : — e,  /,  and  g^  by  the  action  of  diastase  on  starch  paste, 
stopping  the  transformation  by  boiling  when  the  colour  with  iodine  was  no 
longer  blue  but  reddish-brown  ;  A  and  »,  from  a  similar  product,  stopping  the 
reaction  when  iodine  gave  no  colour ;  ^',  by  the  action  of  sulphuric  acid,  the  acid 
being  separated  when  iodine  ceased  to  give  a  blue  colour,  but  reddish-brown  ; 
^,  also  by  the  action  of  sulphuric  acid,  the  acid  being  separated  when  iodine 
gave  no  coloration ;  and  I  by  the  action  of  oxalic  a^id,  continued  until  iodine 
gave  a  reddish-brown  ooloor.     The  following  values  were  obtained : 


Apparent  speciflo 
rotatory  power. 

Cnprio  oxide 
ledaciDg  power. 

f 

[a],  -=    +213^-0 
+  2I2*''0 

2-03 
2'20 

9 
h 

+  212^7 
+  2I3"-1 

1-24 
I-20 

% 

+212^7 

1*40 

J 
k 

+  2i3''-o 
+  2i3'*-5 

•80 

I 

+  2I4**'0 

1-03 

From  these  determinations  there  can  be  no  doubt  that  the  eight  preparations 
are  one  and  the  same  body.  It  is  perhaps  open  to  question  whether  the  alight 
amount  of  reduction  exerted  by  the  substance  thus  obtained  is  either  in  part  or 
entirely  due  to  amylon  still  retained  by  it,  but  supposing  the  latter  to  be  the 
case,  and  taking  the  average  of  the  eight  determinations,  it  would  appear  that 
about  2  per  cent,  of  amylon  is  present;  and  even  if  the  reduction  be  not  due  to 
amylon,  there  can  be  little  doubt  that  amylin  itself  has  not  the  power  of  preci- 
pitating cuprous  oxide  from  Fehling's  solution,  and  that  it  is  only  very  slowly 
converted  into  aubstanoes  which  are  capable  of  thus  reducing  the  solution  when 
boiled  with  it. 

Amylin  thus  prepared  is  a  brittle  white  powder,  which  exhibits  no  indication 
of  crystalline  structure  under  the  microscope.  When  simply  dried  over  sulphuric 
acid  it  retains  9*5  to  10  per  cent,  of  water,  corresponding  to  the  formula 
CgHj^O^ -f  OHj ;  it  is  rendered  anhydrous  by  heating  at  100°  (212°  F.)  in  a 
current  of  dry  air,  but  the  operation  takes  at  least  eight  hours.  It  is  very 
easily  soluble  in  water,  the  solution  of  the  anhydrous  substance  being  attended 
with  rise  of  temperature ;  it  is  not  perceptibly  soluble  in  cold  alcohol  of  sp.  gr. 
'82.  The  aqueous  solution  containing  10  grams  dry  substance  in  loooc.  at 
'5°*5  (60°  F)  has  at  this  temperature  the  sp.  gr.  i '03845.  Its  apparent 
sp.  rot.  power  may  be  taken  to  be  [d]j=  2I3°'5.  Amylin,  like  btarch^  belongs 
to  the  class^of  colloid  bodies,  and  does  not  diiiuse  through  organised  membranes. 

It  will  be  observed  that  to  produce   the  preparations  c,f^,J.  andr/.  the 

gitizedbyVjOOQlC 


157'-]        PREPARATION  OF  AMYLIN  OR  DEXTRIN.         \ 

action  of  the  diastai^e  or  acid  was  stopped  when  the  colour  with  iodine  wA 
longer  blue,  bat  reddish-bro.wn,  and  they  therefore  at  least  partially  consisted 
the  substance  pveviously  referred  to  as  a-dextrin ;  on  the  other  hand,  the  hciK 
was  continued  until  the  solution  was  no  longer  coloured  by  iodine  in  the  case  V. 
preparations  h  and  k,  which  therefore  consisted  only  of  so-called  ;3-d<'xtrin. 
But  all  the  preparations  have  practically  the  same  rotatory  power,  and  as  accord- 
ing to  B6charap  the  so-called  soluble  starch,  which  is  coloured  blue  by  iodine, 
has  the  apparent  specific  rotatory  power  [a]^  =  211**,  it  may  be  concluded  that 
the  three  bodies  are  alike  in  their  action  on  polarized  light ;  they  are  also  aliki* 
in  composition,*  so  that  apart  from  the  fact  that  soluble  starch  dissolves  in 
water  only  on  warming,  whereas  the  dextrins  are  readily  dissolved   in  the  cold, 
they  are  only  to  be  distmguished  by  their  behaviour  with  iodine. 

Amylin  is  slowly  converted  into  amylon  lyhen  digested  with  'malt  extract, 
and  consequently  the  rotatory  power  of  the  solution  diminishes,  whilst  its  cupric 
oxide-reducing  power  increases ;  acids  produce  a  similar  effect.  Amylon  itself 
also  undergoes  change  when  submitted  to  the  prolonged  action  of  diastase,  or  of 
sulphuric  acid,  but  the  change  takes  place  with  extreme  slowness,  especially  if 
diastase  be  the  agent ;  the  nature  of  the  glucose,  or  glucoses,  into  which  amylon 
is  thus  converted  will  be  discussed  later  on. 

We  have  now  to  consider  the  action  of  malt  extract  oti  starch  paste  at  dif- 
ferent temperatures,  for  O'Sullivan  has  established  the  remarkable  fact  that 
although,  if  the  action  be  stopped  when  the  solution  is  no  longer  coloured  by 
iodine,  the  product  is  always  a  mixture  of  amylon  (maltose)  and  amylin  ^dextrin), 
the  proportions  in  which  the  two  bodies  are  obtained  varies  with  the  temperature 
(Jaum,  Ckem.  Soc.,  1876,  ii.  125). 

There  can  be  no  doubt  that  amylon  and  amylin  are  the  only  products  of  the 
transformation  of  starch  under  the  influence  of  malt  extract,  if  the  action  be 
stopped  when  iodine  no  longer  colours  the  solution ;  for  if  the  amount  of  solid 
matter  present  be  determined  (foot  note,  p.  S97)*  <^^  ^^  composition  be  calcu- 
lated on  this  supposition,  the  amount  of  amylon  it  contains  being  deduced  from 
its  cuprio  oxide-reducing  power,t  ^od  the  amount  of  amylin  by  deducting  the 
amount  of  amylon  thus  found,  and  the  rotatory  power  of  the  mixture  be  then 
calculated,  the  sp.  rot.  powers  of  the  two  bodies  being  taken  as  [a]^  =  1 50**  and 
213*5°  respectively ,{  the  value  thus  obtained  closely  agrees  with  that  directly 


*  O'Sullivan  found  44*16  per  cent,  carbon  and  6*44  per  cent,  hydrogen  in 
a  sample  of  a-dextrin,  and  44*23  per  cent,  carbon  and  6*36  per  cent,  hydrogen 
in  a  sample  of  ^-dextrin,  the  theoretical  numbers  being  44*44  and  6*17.  The 
slight  excess  of  hydrogen  and  deficiency  of  carbon  exhibited  by  these  analyses 
is  doubtless  due  to  the  presence  of  at  least  2  per  cent,  of  amylon  in  the  substances 
analysed. 

t  Since  100  parts  amylon  have  the  same  reducing  power  as  65  parts  dextrose, 
the  amount  of  amylon  is  calculated  by  dividing  the  number  which  expresses  the 
cupric  oxide-reducing  power  by  '65. 

J  Prom  the  definition  of  sp.  rot.  power  given  on  p.  572,  it  will  be  evident 
that  the  amount  of  rotation  produced  by  i  gram  of  active  substance  in  100  cc. 
of  solution  will  be  -j\;th  of  the  apparent  sp.  rot.  power  of  the  substance  in  a 
solution  of  the  concentration  employed ;  therefore,  in  order  to  calculate  the  rota- 
tory power  of  a  mixture  of  amylon  and  amylin,  the  number  of  grams  of  each  in 
10  grams  of  mixture  must  be  multiplied  by  15^  and  2i°'35  respectively,  and 
the  two  products  added  together.  Thus,  to  find  the  apparent  sp.  rot.  power  of 
a  mixture  containing  677  grams  amylon  and  3*23  grams  amylin,  wt  have 
(6-77  X  i5«) .  (3-23  X  .X-3S)  =  lyo'-S-  ^^^^^^^ ..GoOgk 
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observed.  The  same  is  tnie  of  the  residue  obtained  on  extracting  the  cmde 
product  of  the  action  of  diastaste  on  starch  paste  with  alcohol.  The  following 
are  examples  of  results  obtained  in  this  manner  by  0*Sullivan : 


Caprio  oxide 
reducing  power. 

Arnylon. 

AmjUn. 

Calcolated  apparent 
•p.  rot.  power. 

ObMrred  tppare 
q>.  rot.  power. 

44 

677 

32'3 

i7o°-S 

I70'''8 

i6 

24'6 

If* 

197  9 

'K^, 

9 

13-8 

86-2 

204°7 

204  '6 

8 

12-3 

87-7 

805°7 

2os"-5 

lO 

XS3 

847 

aos^-S 

203°7 

Cold  malt  extract  is  entirely  without  action  on  ongelatinized  starch,  bnt  b^^ 
to  dissolve  it  at  the  temperature  of  gelatinization  or  a  few  degrees  lower. 
Starches  from  different  sources,  however,  and  even  the  granules  of  tJie  same 
sample,  are  not  all  attacked  at  the  same  temperature.  Thus,  if  malt  extract  be 
added  to  the  starch,  and  the  temperature  gradually  raised,  a  certain  portion  is 
dissolved  at  one  point,  and  a  further  portion  at  a  higher  temperature,  and  so  on. 
The  complete  solution  of  potato  starch  is  only  effected  at  62*^-64°  (143^*6- 
14}  ^'2  F.) ;  maize,  rice,  and  the  small  granule  starches  in  general,  require  a  tem- 
perature many  degrees  higher ;  in  some  cases  the  transforming  power  of  the 
diastase  is  destroyed  before  some  of  the  granules  become  gelatinized.  On  this 
account,  the  complete  solution  of  some  of  the  starches  cannot  be  effected; 
larely,  however,  does  the  quantity  remaining  insoluble  exceed  4  per  cent. 

Malt  extract  dissolves  gelatinized  starch  at  a  temperature  of  io°— 20**  {50^— 
68°  F.)  almost  completely  if  the  gelatinization  be  perfect.  From  a  large  number 
of  experiments,  O'Sullivan  finds  that  if  the  solution  be  filtered  and  analysed 
within  a  few  hours  of  adding  the  extract  to  the  paste,  amylon  and  amylin  are 
formed  in  the  proportion  of  about  67  per  cent,  of  the  former  to  33  per  cent,  of 
the  latter ;  but  if  the  reaction  be  allowed  to  extend  over  a  greater  length  of  time, 
the  amylon  increases  at  the  expense  of  the  amylin,  especially  if  the  converting 
agent  be  in  excess,  as  much  as  90  per  cent  of  amylon  being  sometimes  obtained. 

If  the  transformation  take  place  at  a  higher  temperature,  not  exceeding  63° 
(145^*4  F.),  the  product  also  invariably  contains  amylon  and  amylin  in  pro- 
portion closely  agreeing  with  those  required  on  the  assumption  that  the  starch 
is  decomposed  in  the  manner  represented  by  the  following  empirical  equation : 

(A.)     (C,H„OJ„  +  4OH.  =   4C„H„0„  +  2C„H„0„. 

Starch.  Amjlon.  Amylin. 

A  mixture  of  amylon  and  amylin  in  the  proportions  indicated  by  this  equation 
should  consist  of  67*85  per  cent  of  amylon  and  32*15  per  oent.  of  amylin,  and 
should  exhibit  the  apparent  sp.  rot.  power  [a]j  =  i7o°'4;  the  following  are  the 
results  obtained  by  O'Sullivan  in  four  experiments  made  respectively  at 
30°  (86°  F.),  40*  (104°  F.),  50°  (122°  F.),  and  60°  (140"  F.) : 

Percentage  of         Perocntageof       Obeenred  apparent      Calculated  apparent 
Amylon.  Amyliu.  ap.  rot.  power.  sp.  rot.  power. 

68-1  31-9  169*7  i7o°*2 

67'4  32-6  170^*7  170^7 

667  33'3  169*9  I7i°i 

683  317  i7o°'8  i7o°'i 

If,  however,  starch  paste  be  decomposed  by  malt  extract  at  any  temperature 
between  64°  and  68® — 70**  (i47'''2  and  i54®-4— 158°  F.),  a  relatively ismaller 
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being  formed  in  proportions  closely  agreeing  with  the  equation  : 

(B.)   (C.H.,0.)„  +  2OH.   =   2C„H„0.j  +  4C„H„0„. 

Starch.  Amjrlon.  Amjrliu. 

And  at.  still  higher  temperatures,  viz.,  at  temperatures  from  68** — 70° 
(^54°'4 — Ji5^**  ^')  ^  ^®  point  at  which  the  activity  of  the  diastase  is  de- 
stroyed, even  a  still  smaller  proportion  of  amyion  is  obtamed,  the  transformation 
which  then  takes  place  being  indicated  by  the  equation  : 

(C.)     (C,H„0,)„  +  OH.  =  C..H„0„  +  SC„H.,0„. 

Starch.  Amyion.  Amylin. 

The  formation  of  amyion  and  amylin  in  these  various  proportions  at  the 
temperatures  specified  is  observed  only  when  the  starch  paste  and  malt  extract 
are  separately  heated  to  the  particular  temperature,  care  being  taken  that  the 
latter  is  not  heated  to  a  higher  temperature,  and  are  then  mixed ;  very  different 
results  are  obtained  if  the  malt  extract  be  heated  to  a  higher  temperature  than 
than  that  at  which  the  reaction  is  allowed  to  take  place  previous  to  mixing  it 
with  the  starch  payte.  Thus  O'Sullivan  has  found  that  if  starch  paste  cooled  to 
60°  (140°  F.)  be  mixed  with  malt  extract  heated  to  6f  (i52°-6  P.)  for  a  few 
minutes  and  then  cooled  to  60°  (140°  F.),  decomposition  does  not  ensue  in 
accordance  with  the  equation  A  above  given,  but  as  represented  by  the  second  equa- 
tion (B)  ;  and  that,  similarly,  if  the  malt  extract  be  heated  to  75"*  (167°  F.), 
then  cooled  to  68°  (i54°'4  F.),  and  allowed  to  act  on  starch  paste  at  this  latter 
temperature,  the  transformation  takes  place  in  accordance  with  equation  C.  It 
would  therefore  seem  that  the  remarkable  difference  in  the  results  obtained  at 
different  temperatures  is  due  to  some  change  brought  about  by  heat  in  the  cha- 
racter of  the  decomposing  agent  or  agents  in  the  malt  extract 

It  has  already  been  pointed  out  that  the  transference  of  starch  in  plants  from 
one  part  to  another  must  be  preceded  by  its  conversion  into  a  soluble  form ;  but 
not  only  must  the  product  be  soluble,  it  must  also  be  capable  of  passing  through 
tLe  cell  walls.  It  is  highly  probable  that  the  change  which  the  starch  under- 
goes is  similar  to  that  which  takes  place  when  it  is  submitted  to  the  action  of 
diastase,  and  that  it  is  converted  into  amyion  and  amylin,  the  latter  being  also 
subsequently  converted  into  amyion,  but  much  more  slowly.  In  this  connexion 
it  ia  an  interesting  fact  that  the  greatest  relative  proportion  of  amyion  is  pro-, 
duced  when  starch  is  decomposed  at  low  temperatures ;  hence,  as  amyion  is  readily 
difi^ible,  whereas  amylin  is  a  colloid  substance,  the  conditions  are  such  as  mo^^t 
to  favour  the  rapid  transference  of  the  starch. 

The  proportions  of  amyion  aud  amylin  above  given  as  constituting  the  pro- 
duct of  decomposition  at  the  various  specified  temperatures  are  those  which  are 
obtained  when  the  malt  extract  aud  starch  paste,  both  heated  to  the  temperature 
at  which  it  is  desired  the  reaction  shall  take  place,  are  mixed  and  the  mixture 
placed  on  a  water  bath  heated  to  a  like  temperature,  the  solution  being  removed 
from  the  water  bath  as  soon  as  the  starch  paste  dissolves,  rapidly  cooled  and 
filtered  from  a  small  amount  of  insoluble  matter.  If  sufficient  malt  extract  be 
employed,  the  solution  of  the  starch  is  completed  within  a  very  few  minutes, 
the  insoluble  matter  which  remains  seldom  amounting  to  *5  per  cent,  of  the  air- 
dried  starch  employed,  and  the  filtrate  giving  no  colouration  with  iodine, 
al though  if  the  solution  be  hmted  immediulely  to  the  boiling  point  before  re- 
TELuviDg  the  lu4£olublti  iniitter  the  filtrate  almost  always  givc^  a  blue  or  reddish- 
brown  colour  with  iodine.  But  unlesa  the  fnjdt  extract  employed  b&  in  con- 
siderable excess,  very  litlh)  change  takes  place  in  the  proportiona  of  amyion  and 
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tiic  teujperacure  ai  wnicn  me  aecomposiLion  is  eneciea ;  u,  nowever,  me  inait 
extract  be  in  excess,  or  strongly  acid,  the  amylin  slowly  undergoes  conversion 
into  amylon,  and  if  the  unboiled  solution  be  digested  for  a  sufficient  time,  the 
greater  part  of  the  amylin  may  be  transformed  into  amylon,  so  that  by  varying 
the  time  of  digestion  and  the  quantity  of  the  transforming  agent  any  propor- 
tions of  amylon  and  ^mylin  may  be  obtained :  hence  the  discrepant  statements  of 
previous  observers,  *  as  to  the  relative  proportions  of  dextrin  and  '*  sugar"  produced 
by  the  action  of  malt  extract  ou  starch  under  various  conditions.'  If  the  solution 
be  boiled  previous  to  digestion,  the  amylin  is  not  converted  into  amylon  to  any 
extent,  the  transforming  agent  in  the  malt  extract  being  thereby  rendered  inert. 

The  quantity  of  malt  extract  required  to  effect  the  transformation  of  starch 
into  amylon  and  amylin  can  only  be  approximately  determined,  as  the  cold 
extracts  of  different  malts  exhibit  very  different  transforming  powers ;  a 
quantity  of  extract  containing  solid  matter  equal  to  5  per  cent,  of  the  starch 
taken,  is  suflBcient,  however,  in  almost  all  joases. 

If  the  digestion  with  an  excess  of  malt  extract  be  continued  for  several 
hours,  especially  if  the  extract  contain  more  acid  than  usual,  it  is  found  that  the 
rotatory  power  of  the  product,  calculated  from  its  cupric  oxide  reducing  power, 
<&«.,  (p.  630),  is  invariably  greater  than  that  directly  observed,  in  consequence  of 
the  partial  conversion  of  the  amylon  into  glucoses  having  a  lower  rotatory  power. 
This  conversion  of  amylon  into  glucoses  under  the  influence  of  malt  extract, 
which  takes  place  very  slowly,  is  regarded  by  O'SuUivan  as  an  effect  produced, 
not  by  a  special  transforming  agent,  but  by  the  acid  it  contains ;  this  conclusion 
is  supported  by  Schulze  and  Uhrich's  observation  that  amylon  is  not  altered  when 
digested  with  "  diastase"  prepared  by  precipitating  malt  extract  with  alcohol. 

It  is  generally  supposed  that  the  glucose  into  which  starch  is  finally  converted 
by  digestion  with  dilute  sulphuric  acid  is  ordinary  dextrose,  inasmuch  as  the  product 
has  the  same  cupric  oxide  reducing  power  as  sucrodextrose,  which  it  resembles  in 
other  respects.  O'Sullivan's  experiments,  however,  appear  to  indicate  that  amylon 
is  converted  into  two  dextrorotatory  glucoses  on  inversion,  one  of  which  at  least  is 
different  from  sucrodextrose.  Thus  he  found  that  on  digesting  10  grams  pure 
amylon  with  malt  extract  containing  7  gram  solid  matter  for  ten  hours,  the 
cupric  oxide  reducing-power  increased  to  73,  while  the  apparent  sp.  rot.  power 
fell  to  [a]j=  +  131^  From  these  numbers  the  amount  of  glucoses  produced, 
and  their  combined  apparent  sp.  rot.  power,  may  be  calculated  in  the  following 
manner,  bearing  in  mind  that  the  cupric  oxide  reducing  power  of  amylon  is  65, 
while  that  of  the  glucoses  produced  by  its  inversion  is  100. 

Let  X  =  the  amount  of  amylon  remaining  unchanged 
.*.  10  — ar  =  the  amount  of  gluqoses  produced 
then  a:  X  '65  +  10— ar  =  7*3 
•35  ar  =   27 
.-.  X  =   771 
and  10  —  771  =  2*29,  the  amount  of  glucoses  produced. 

Then  131°  "^  (771  x  15°)=  J5°'35»  t^e  activity  of  2*29  grams  of  the  glucoses 
in  100  cc.  of  solution ;  hence  '-^^  =  6°7  is  the  activity  of  i  gram,  and 
therefore  the  apparent  sp.  rot.  power  =67.  In  like  manner,  in  a  number  of 
experiments  on  the  inversion  of  amylon  by  dilute  sulphuric  acid,  it  was  found 
that  when  the  apparent  sp.  rot.  power  reached  67°  the  cupric  oxide  reducing 
power  was  always  TOO  {/priimi/i  nnmmuniaation). 

O'SulJivuD  is  i  lid  J  lied  Ut  rigikid  tlit  pviniuct  uf  the  iiivufisfon  of  amylon  as  a 
mixture  of  two  dextrogluco^ea,  both  diflerent  Iroin   sucrodoxLrose ;  ih^  abe«aTft« 
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laKe  piaoe  precisely  at  the  same  time  in  aU  tne  granules ;  atter  a  time,  nowever, 
a  point  is  reached  when  all  exhibit  a  yellow  colour  with  iodine,  and  from  this 
time  on,  iodine  fails  to  indicate  any  further  change. 

Nsegeli  ascertabed  the  rate  at  which  the  starch  is  altered  and  dissolved,  by 
weighing  at  intenrals  the  residue  dried  at  ioo°  (212°  P.).  He  found  that  after 
thirty-six  days,  when  most  of  the  granules  were  coloured  yellow  or  reddish- 
yellow  by  iodine,  and  only  a  few  assumed  a  faint  violet  tinge,  100  parts  of  an- 
hydrous starch  had  lost  38*5  parts;  after  115  da^s,  when  all  the  granules  were 
uniformly  coloured  yellow  by  iodine,  100  parts  of  anhydrous  starch  had  become 
reduced  to  29-5  parts;  after  240  days  only  17*2  parts  remained  undissolved; 
but  even  after  720  days  there  was  a  residue  equal  to  about  6  per  cent,  of  the 
starch  taken,  consisting  of  mere  skeletons  of  the  granules.  The  solution  of 
starch  under  the  influence  of  acids  at  ordinary  temperatures  apparently,  therefore, 
tikes  phice  more  slowly  the  longer  the  digestion  is  continued ;  this  is  probably 
due,  at  least  in  part,  to  the  inhibiting  action  of  the  products  in  solution,  as  the  starch 
was  found  to  be  much  more  rapidly  dissolved  if  the  acid  were  renewed  at  intervals. 

The  residual  matter  obtained  when  starch  is  allowed  to  remain  in  contact 
with  hydrochloric  acid  until  the  granules  are  uniformly  coloured  yellow  by  iodine 
is  no  longer  starch,  however,*  for  according  to  Nsageli,  if  it  be  entirely  freed  from 
acid  by  washing  with  water  (by  decantation)  and  then  boiled  with  water,  by  far 
the  greater  part  dissolves ;  and  if  the  solution  be  Altered  and  then  frozen,  on 
thawing  the  frozen  mass,  a  turbid  liquid  is  obtained,  from  which  after  a  time 
a  snow-white  deposit  separates,  whilst  the  supernatant  liquid  is  perfectly  clear. 
Under  the  microscope  this  deposit  is  seen  to  consist  of  disc-shaped  masses,  which 
apparently  possess  crystalline  structure,  as  when  viewed  by  polarized  light  they 
exhibit  a  black  cross,  and  if  a  plate  of  selenite  be  interposed  between  the  Nicols, 
the  diiferent  parts  of  the  discs  appear  differently  coloured.  Nsegeli  has  termed 
this  substance  amylodextrin ;  it  is  probably  identical  with  the  substance  pre- 
viously termed  a-dextrin.  Its  properties  are  as  follows.  It  is  not  soluble  in 
cold  water,  but  readily  dissolves  on  heating  to  60*" — 65**  (140**— 149°  F.; ;  it 
does  not  separate  i'rom  the  solution  on  cooling,  but  if  the  solution  be  evaporated 
to  a  thick  syrup,  although  nothing  separates  at  first,  aft»r  a  time  the  whole 
solidifies  to  a  mass  of  the  discs.  It  is  precipitated  from  its  aqueous  solution  by 
alcohol,  but  does  not  yield  a  precipitate  with  baric  hydrate,  ammoniacal  plumbic 
acetate,  or  tannin.  When  placed  in  contact  with  water  and  a  crystal  of 
iodine,  it  is  either  not  coloured  at  all,  or  assumes  only  a  faint  yellowish-red  tinge, 
but  if  a  crystal  of  iodine  be  added  to  its  solution  the  liquid  becomes  at  first 
violet,  then  reddish-violet,  and  finally  purple-red.  Naegeli  supposes  it  to  be 
without  action  on  Fehling's  solution,  although  he  found  that  100  pts.  of  the 
substance  dried  over  sulphuric  acid  reduced  as  much  of  the  solution  as  6*85  pta. 
dextrose,  but  he  attributes  this  to  its  conversion  into  sugar  by  the  action  ot  the 
alkali,  as  it  had  a  much  greater  reducing  power  after  heating  for  a  short  time 
with  a  weak  solution  of  potassic  hydrate  ;  probably,  however,  his  amylodextrin 
contained  amy  Ion.  It  is  remarkable  that  amylodextrin,  dried  over  sulphuric 
acid,  lost  only  1*75  per  cent,  water  at  100^  (2 1 2^  F.),  as  according  to  O'Sullivan, 
when  a-dextrin  is  dried  over  sulphuric  acid  its  weight  becomes  constant  when  it 
contiuns  9*5  to  10  per  cent,  water. 


"^ 


*  The  assumption  has  been  made  that  the  substance  coloured  yellow  by 
iodine  is  pre-existent  in  starch — that  potato  starch,  for  example,  chiefly  consists 
of  the  modification  coloured  blue^  and  ol'  that  coloured  yellow  by  iodine,  the 
Ibnuer  of  whitih  is  more  readily  extracted  by  jjoitU^and  iti  therelore  fiiiit  remuviidi 
There  b,  howev^er,  nq  evideuco  to  warraut  tbis. 


temperatures,  the  only  difference  being  that  alteration  takes  place  much  more 
rapidly  in  the  latter  cane ;  they  are  more  particalarly  of  interest  in  connexion 
with  the  ibrmation  of  a-dextrin  (amylodextrin),  and  indicate  the  method  by  which 
probably  it  will  be  possible  to  obtain  it  in  a  state  of  purity  ;  but  they  do  not 
afford  any  evidence  as  to  whether  it  is  produced  alone,  or  together  with  amylon, 
which  is  the  most  important  point  to  decide. 

The  products  which  appear  to  be  successively  formed  from 
starch  by  the  action  of  malt  extract  (and  probably  also  of  saliva, 
pancreatic  juice,  and  other  similar  substances),  or  of  acids,  are 
therefore  as  follows  : 


{Probably  formed  alone.  Is  coloured  blue  by  iodine ; 
does  not  dissolve  in  cold  water,  but  readily  on  heating ; 
may  be  separated  from  the  solution  by  freezing. 

'Whether  formed  alone,  or  together  with  amy  Ion,  un- 
certain ;  not  dissolved  by  cold  water,  but  immediately  on 
heating  to  6o°-65°  C;  may  be  separated  from  the 
solution  by  freezing,  in  characteristic  disc-shaped  masses; 
^the  solution  is  coloured  reddish-brown  by  iodine. 

/  Formed  simultaneously  in  proportions  varying  with 
the  temperature,  if  malt  extract  be  employed.  Amylin 
dissolves  readily  in  cold  water,  and  cannot  be  separated 
except  by  the  addition  of  alcohol  to  a  very  concentrated 
solution  ;  the  solution  is  not  coloured  by  iodine.*  The 
three  bodies,  soluble  starch,  a-  and  ^-dextrin,  have 
probably  the  same  apparent  sp.  rot.  power  in  solution — 
viz.,  [a]j  =-213°  (about),  and  are  not  diffusible  through 
organised  membranes. 

Gradually  formed  from  the  amylin,  and  probably 
when  malt  extract  is  employed  by  the  action  of  the 
diastase  and  not  of  the  acid  it  contains.  A  crystalline 
substance,  very  soluble  in  water;  readily  diffusible; 
cupric-oxide  reducbg  power  =  65  ;  apparent  sp.  rot. 
Vpower  in  solution  [a]j  =  150®. 

The  mixture  has  the  same  cupric  oxide-redacing  power 
as  Bucrodextrose,  but  an  apparent  sp.  rot.  power 
[a]j  =  67^ ;  is  perhaps  a  mixture  of  sucrodextrose  and 
a  dextrogluGose  of  the  apparent  sp.  rot.  power 
H  =  7^°*4«  Their  formation  from  amy  Ion  by  the 
action  of  malt  extract  is  probably  due  to  the  acid  it 
contains;  even  sulphuric  acid,  however,  only  slowly 
causes  the  inversion  of  amylon. 

(1572)  Pabamtlon. — According  to  Gottlieb  (-4n«.   Chem,  Fhann.,  Ixxv. 
51),   Uie   cells   of  a  species   of  alga,  the  Muglena  viridis,  contain  a  large 


I.  Soluble  starch 
(C.H.,0.)„ 

2.  G' Dextrin  {amylo' 
dextrin) 


3.  Amylin  (^-dextrin) 

and  amylon 
CuH„0„ 


4.  Amylon  (maltose) 


5.  1\do  Dextroglu- 
coses 
C.H„0, 


*  NsBgeli  states  that  although  a  solution  of  dextrin  is  scarcely  coloured  by 
a  weak  solution  of  iodine,  if  a  crystal  of  the  latter  be  added  it  assumes  a  reddish- 
Wowu  col{>ur. 


be  extracted  by  first  thoroughly  exhaust ing  the  Euglena  with  alcohol  and  ether  to 
separate  colouring  matter,  &c.,  and  then  macerating  it  at  the  ordinary  tem- 
perature with  a  dilute  solution  of  potansic  hydrate ;  on  acidulating  the  solution, 
it  is  thrown  down  as  a  transparent  gelatinous  precipitate,  which,  when  dry, 
forms  a  gum-like  mass.  Paramylon,  as  this  substance  has  been  termed,  is  not 
soluble  in  water,  and  is  not  altered  by  boiling  with  dilute  hydrochloric  acid,  but 
the  concentrated  acid  rapidly  converts  it  into  a  body  capable  of  reducing 
Fehling's  solution,  and  yielding  alcohol  on  fermentation.  According  to  Haber- 
mann,  by  heating  it  with  water  and  bromine,  and  subsequently  neutralising  with 
argentic  hydrate,  &c.,  an  acid  is  obtained  very  similar  to  that  from  starch  (p.  626). 

(1573)  Synantheose  :    (?)    C,jH,^Ojjj  +  OHj.— This    carbohydrate     ac- 
companies inulin  in  all  the  tuber-bearing  Composite  or  S^nantherea,  being 
most  abundant  in  the  ripe  tubers;  it  was  first  described  by  Popp  in   1870 
{Ann.  Chem.  Pharm.,  clvL  181).      The  best  materials  for  its  preparation  are 
the  tubers  of  Dahlia  variabilis  or  of  the  Jerusalem  artichoke  (Heliantktu 
tuberosTis).     The  expressed  juice  of  the  freshly-gathered  tubers  is  precipitated 
with  basic  plumbic  acetate,  the  dissolved  lead  removed  by  sulphuretted  hydrogen, 
the  solution  neutralized  with  magnesic  carbonate,  and  evaporated  on  the  water 
bath.     The  residue  is  then  repeatedly  extracted  with  small  quantities  of  alcohol, 
until  it  is  deprived  of  optically  active  substances ;  after  drying  the  undissolved 
portion  on  the  water  bath,  in  order  to  free  it  from  water  and  inulin,  it  is  frac- 
tionally treated   with  small  quantities  of  aqueous  alcohol,  so  as  to  obtain  as 
saturated  a  solution  as  possible.     This  solution,  after  being  completely  decolorized 
by  animal  charcoal,  is  poured  in  a  thin  stream  into  a  mixture  of  ether  and 
anhydrous  alcohol ;  the  precipitate  is  then  quickly  filtered  off',  washed  with  ether- 
alcohol,  and  dried  over  sulphuric  acid  in  vacuo.     It    is  thus   obtained   as   a 
white,   incoherent,  bulky,   amorphous  mass  of  the  composition  CjjH^jOjj ;  it 
is  extremely  hygroscopic  and  deliquescent,  easily  soluble  in  water  and  aqueous 
alcohol,  difficultly  soluble  in  absolute  alcohol,  and  insoluble  in  ether.     It  has  an 
insipid  taste,  without  being  in  the  least  sweet     The  substance  which  has  been  in 
(K)ntact  with   water  retains  a  molecule  of   water  with  great  persistency,  and 
cannot  be  rendered  anhydrous  by  mere  drying  in  the  air  bath  without  suffering 
decomposition  ;  it  appears  also  to  possess  a  similar  affinity  for  alcohoL     It  is  not 
only  optically  inactive,  but  also  without  immediate  action  on  Fehling's  solution, 
although  the  latter  is  reduced  afler  long  boiling,  owing  to  the  alteration  of  the 
sy nan th rose  by  the  alkali ;  it  immediately  causes  the  precipitation  of  mercury 
from  a  solution  of  mercurous  nitrate.  Afler  heating  synanthrose  with  dilute  acids, 
however,  the  solution  has  a  powerful  kevorotatory  action,  in  consequence,  accord- 
ing to  Popp,  of  the  conversion  of  the  synanthrose  into  a  mixture  of  dextrose  and 
Isevulose ;  but  he  does  not  mention  on  what  evidence  this  conclusion  is  based, 
and  his  statement  that  the  apparent  specific  rotatory  power  of  the  inversion  pro- 
duct ([a]j  =  —54*09  at  17°  (62°'6  F.)  in  a  solution  containing  about  2  percent.) 
is  not  appreciably  modified  by  an  alteration  of  temperature,  is  opposed  to  this 
conclusion,  as  the  rotatory  power  of  sucrolsavolose  is  known  to  vary  very  con- 
siderably with  the  temperature.      Moreover,  the  behaviour  of  synanthrose  in 
presence   of  beer  yeast   is   remarkable :  although   not  directly  fermentable,  it 
appears  to  undergo  inversion  under  the  influence  of  the  yeast,  and  to  furnish 
fermentable  products,  but  according  to  Dieck  and  ToUens  (Journ.  f.  Land- 
wvrthschaflf  xxiv.  117)  the  fermentation  takes  place  very  slowly,  and  only  about 
two-thirds  as  much  gas  is  evolved  as  would  be  obtained  from  an  equal  weight  of 
dextrose. 

On  heating  synaiitlvroae  to  140*'— 145**  (284° — 293°  F.),  it  becomes  brown 


and  gas  is  evolved,  apparently  undergoing  a  change  similar  to  that  which  tak* 
place  when  cane  sugar  ia  carefully  heated ;  on  nuhmitting  it  to  dry  distillatio 
gases  are  evolved,  and  a  distillate  ohtained  containing  acetic  acid  and  aoeton 
On  oxidation  with  dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  I 
aqueous  solution  is  not  precipitated  hy  normal  or  hasic  plumhic  acetate,  but 
lead  derivative  may  be  obtained  by  precipitating  an  alcoholic  solution  with  8 
alcoholic  solution  of  the  basic  acetate ;  and  calcium  and  barium  derivatives  ai 
precipitated  on  the  addition  of  alcohol  to  solutions  of  synanthrose  in  lime  or  baryi 
water.  It  is  not  browned  by  a  (K)ld  solution  of  potassic  hydrate,  and  althoug 
blackened  by  concentrated  sulphuric  acid,  it  is  not  so  much  acted  on  as  car 
sugar. 

(^574)  Inulin  :  (CgHjQOg)^. — This  carbohydrate  replace 
starch  in  the  root  system  of  many  Composite,  being  especiall; 
abundant  in  the  tubers  of  the  dahlia  {Dahlia  variabilis),  whicl 
when  ripe  contain  as  much  as  10  per  cent,  of  their  weight  o 
inulin^  and  of  the  Jerusalem  artichoke  [Helianthus  tuberoam),  ant 
in  the  roots  of  elecampane  {Inula  Helenium),  dandelion  (Taraxa 
cum  officinale),  and  chicory  {ChicoHum  Intybus), 

According  to  Kraus  {Bot,  2jeitg.  1875,  171),  it  is  not  confined  to  th< 
biennial  and  perennial  compositse,  as  supposed  by  Dragendoi'ff,*  but  is  alsc 
found  in  the  CampanulaceiS,  Goodeniacece,  Loheliacea,  and  Stylidea;  and  occun 
abundantly  in  these  plants,  not  only  in  the  underground  organs,  in  which  alone 
it  is  found  in  the  Composita,  according  to  Dragendorff,  but  also  in  the  fleshy 
stems  of  the  Cacalia  and  Kleinia,  in  the  woody  stem  of  Mus^chia,  in  the 
herbaceous  stalks  of  Stylidium  suffructicogum,  and  in  the  green  creeping  stalk  of 
Selli^ra  radicans,  and  even  occurs  in  the  chlorophyll  cells  of  the  fleshy  leaves 
of  these  plants.  The  inulins  of  different  plants,  however,  are  not  all  equally 
soluble  in  water,  according  to  Kraus.  In  the  .  Composita, ,  at  least,  inulin 
apparently  has  a  similar  function  to  that  which  stareh  exercises  in  potato  tubers, 
for  example,  being  stored  up  during  the  earlier  period  of  the  plant's  growth  for 
use  at  a  future  period  of  growth,  and  is  generally  most  abundant  in  the  autumn. 

Preparation, — It  is  diflficult  to  prepare  pure  inulin,  as  it  is  usually  accom- 
panied by  gummy  and  albuminous  matters,  and  also  has  a  great  tendency  to 
retain  various  salts.  It  is  most  readily  obtained  in  a  pure  state  from  dahlia 
tubers  in  autumn.  The  well-washed  tubers  are  reduced  to  a  fine  pulp,  which  is 
rapidly  pressed,  and  the  expressed  liquid  is  allowed  to  stand  12 — 18  hours,  after 
which  it  is  mixed  with  at  most  an  equal  volume  of  alcohol,  the  precipitate,  con- 
sisting chiefly  of  impurities,  is  rapidly  filtered  off,  and  the  inulin  then  separated 
by  the  addition  of  double  the  quantity  of  alcohol.  It  may  be  further  purified 
by  dissolving  it  in  hot  water  and  again  fractionally  precipitating  with  alcohol. 

Another  method  of  obtaining  inulin  is  to  digest  the  substance  containing  it 
with  water  heated  to  about  90°  (194°  P.)  ;  the  extract  thus  obtained  is  treated 
with  basic  plumbic  acetate,  which  precipitates  roost  of  the  impurities,  the  preci- 
pitate removed  by  filtration,  the  di.«solved  lead  thrown  down  by  sulphuretted 
hydrogen,  the  filtrate  from  the  plumbic'  sulphide  neutralized  with  ammonia  and 
then  concentrated  on  the  water  bath,  and  finally  the  inulin  precipitated  with 


•  Mdterialien  zu  einer  Monographie  des  Inulins,  St  JPetershurg  :  JB[, 
Schnitzdorff,  1 870. — ^This  monograph  contains  a  critical  analysis  of  all  previous 
investigations  of  iniJin,  and  also  an  account  of  a  considerable  number  of  original 
experiments. 
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Pure  inulin  is  a  brilliant  white  powder,  resembling  starch  m 
appearance,  but  readily  distinguished  firom  the  latter,  as  it  dis- 
solves in  warm  water,  forming  a  perfectly  clear  and  limpid  solu- 
tion, which  is  not  coloured  by  iodine  ;  if  it  be  very  slowly  separated 
from  its  aqueous  solution  by  alcohol,  it  forms  globular  aggre- 
gates presumably  of  needle-shaped  crystals — so-called  sphoero- 
crystals,  which  exhibit  under  the  polarizing  microscope  a  black 
cross  similar  to  that  displayed  by  the  granules  of  potato-starch. 
(Comp.  Sachs'  Tewt  Book  of  Botany,  1875,  p.  6^J^  It  is  scarcely 
dissolved  by  cold  water,  although  according  to  Sachs  and  Dragen- 
dorff,  it  readily  dissolves  in  water  heated  to  about  55°  (131°  F.) ; 
Prantl  states,  however,  that  whereas  100  cc.  of  a  solution  saturated 
at  0°  (32°  F.)  contain  only  'oi  gram  inulin,  100  cc.  of  a  solution 
saturated  at  100°  (aia°  F.)  contain  no  less  than  36*50  grams; 
and  that  solutions  saturated  at  14°  (57°-2  F.),  30°  (86°  F.),  60*^ 
(140°  F.),  and  80°  (176°  F.)  contain  in  100  cc.  respectively 
•2,  '37,  1*57  and  4*0  grams  of  inulin.  The  inulin  is  not  entirely 
deposited  as  the  solution  cools ;  indeed  a  solution  containing  4 
or  5  per  cent,  often  remains  clear  for  days  if  protected  from  dust, 
but  on  cooling  it  strongly,  or  adding  alcohol  or  glycerin,  the 
inulin  is  at  once  precipitated. 

This  behaviour  affords  an  explanation  of  the  ooonrrence  of  sncb  relatively 
large  amounts  of  inulin  in  solution  in  the  cell  sap  of  the  Composita,  and  its  slow 
separation  from  the  expressed  juice.  Dragendorff  has  found  that  when  solutions 
containing  from  3  to  12  per  cent,  of  inulin  are  allowed  to  diffuse  through 
parchment  paper  into  water,  the  diffusate  never  contains  more  inulin  than  water 
of  the  same  temperature  dissolves  when  in  contact  with  the  solid  substance.  He 
also  states  that  if  a  solution  prepared  by  dissolving  inulin  in  warm  water  be 
evaporated  either  at  the  ordinary  temperature  in  vacuo,  or  in  the  water  bath,  the 
precaution  being  taken  to  exclude  dust  by  stopping  the  mouth  of  the  flask  with 
cotton  wool,  an  amorphous  residue  is  obtained  which  dissolves  much  more  readily 
in  water  than  ordinary  granular  inulin,  which  very  soon,  however,  begins  to 
separate  from  the  solution  thus  obtained.  He  therefore  assumes  that  inulin 
exists  in  two  modifications,  one  of  which  is  crystalline  and  difficultly  soluble, 
and  the  other  amorphous  and  easily  soluble,  and  that  the  former  is  converted 
into  the  latter  by  heating  with  water  to  about  jj°  (131°  F.),  whilst  the  latter  is 
reconverted  into  the  former  by  contact  with  dust,  and  by  the  dehydrating  action 


*  The  presence  of  inulin  in  plants  may  be  demonstrated  by  placing  thin 
sections  first  for  a  few  minutes  in  90  per  cent,  alcohol,  and  then  for  a  short 
time  in  water,  after  which  they  are  submitted  to  microscopic  examination.  If 
sphcero-crystaln  are  observed,  it  is  not  only  necessary  to  examine  their  behaviour 
with  polarised  light,  but  also  to  ascertain  that  they  are  readily  dissolved  on 
warming  with  water  to  about  50*^ — 55®  C  ,  and  also  on  treatment  with  potassic 
hydrate  solution  and  dilute  nitric  and  hydrochloric  acids.  The  solution  of 
the  inulin  crystals  by  these  reagents  always  commences  from  without. 


ana  pernaps  enters  into  comDination  vnin  it  u)  lorm  a  more  soiabie  njarate. 

Air-dried  inulin  has  the  composition  CgH^QOg  -f  OHg,  and  may 
be  rendered  anhydrous  by  heating  to  100°  (212°  P.) ;  the  anhy- 
drous substance  has  the  sp.  gr.  1*470,  whilst  a  solution  containing 
10  per  cent,  of  inulin  has  the  sp.  gr.  (?)  1*0396  at  20°  (68°  F.) 
(DragendorfF).  According  to  Dubrunfaut,  anhydrous  inulin  is 
not  altered  when  heated  to  180°  (356°  F.),  but  melts  and  under- 
goes decomposition  at  higher  temperatures ;  Dragendorff,  how- 
ever, states  that  it  melts  at  165°  (329°  F.),  but  without  suflFering 
decomposition. 

An  aqueous  solution  of  inulin  exerts  a  Isevorotatory  action  on 
polarized  light ;  the  apparent  sp.  rot.  power  of  inulin  has  not, 
however,  been  satisfactorily  determined. 

Bouchardat  (1847)  J5*^®  ^^^®  value  [a]^  =  —  26'*'i6.  but  did  not  state  whether 
this  applies  to  the  anhydrous  substance ;  Dubrunfaut  (i8j6)  found  [a]j  =  —  44°'9 
and  [a]r=  —  34°-2;  and  Dragendorff  (1870)  states  that  in  a  solution  containing 
about  5  per  cent,  of  dahlia  inulin  fa]^  =  -  34**"42  at  20®  (68°  F.),  these  values 
being  calculated  for  the  anhydrous  substance?  according  to  Schiitzenberger, 
however  {Ann.  Chem,  Pharm,,  clx.  82),  who  appears  to  have  used  a  Wild's 
polaristrobometer  and  ordinary  white  light,  dahlia  inulin  has  the  apparent  sp.  rot. 
power  —  26®,  whereas  that  of  elecampane  inulin  is  —  32°.  Schiitzenberger  has 
also  noticed  considerable  differences  in  the  behaviour  of  the  inulins  from  the  two 
sources  on  treatment  with  acetic  anhydride. 

Little  is  known  of  the  metallic  derivatives  of  inulin.  It  is 
readily  dissolved  by  a  moderately  concentrated  solution  of  potassic 
or  sodic  hydrate,  and  on  the  addition  of  alcohol  precipitates  are 
obtained  which  apparently  are  metallic  derivatives  of  inulin ;  the 
alkaline  solutions  do  not  alter  Fehling's  solution  at  ordinary  tem- 
peratures, and  even  on  heating  for  some  time  very  little  reduc- 
tion takes  place,  so  that  inulin  is  not  readily  decomposed  by 
alkalies.  Baric  hydrate,  and  an  ammoniacal  solution  of  normal 
plumbic  acetate  produce  white  precipitates  in  solutions  of  inulin, 
but  the  normal  and  basic  acetate  are  without  effect. 

Inulin  does  not  famish  a  characteristic  product  on  treat- 
ment with  concentrated  nitric  acid;  the  dilute  acid  oxidises  it 
to  oxalic  acid,  but  it  is  probable  that  saccharic  acid  is  first 
formed.  It  does  not  reduce  Fehling's  solution.  It  is  dissolved 
by  concentrated  sulphuric  acid,  and  if  care  be  taken  to  prevent 
rise  of  temperature,  an  almost  colourless  solution  is  obtained. 
The  acetyl  derivatives  formed  by  the  action  of  acetic  anhydride 
on  inulin  have  been  very  imperfectly  examined ;  they  are  all 
amorphous  bodies. 

Inulin,  unlike  starch,  is  scarcely,  if  at  ail^  affected  by  diastase 


or  saliva^  neither  is  it  fermented  by  beer  yeast ;  it  undergoes  decom- 
position very  rapidly,  however,  under  the  influence  of  acids,  and 
even  mere  boiling  with  water  suffices  to  convert  it  into  a  body 
capable  of  reducing  Fehling's  solution. 

It  raay  be  heated  with  water  to  between  90°  and  100**  (194°  and  212°  P.) 
for  many  hours  without  undergoing  change,  but  on  boih'ng  the  solution,  the 
reducing  substance  is  gradually  produced,  and  by  heating  to  100^  (212^  F.)  in 
sealed  tubes  it  may  apparently  be  completely  converted  into  a  Itevoglucose : 
10 — 15  grams  of  inulin  undergoing  this  change  if  heated  with  4 — 5  times  their 
weight  of  water  for  60 — 70  hours  (Dragendorff).  In  the  presence  of  acids,  the 
decomposition  takes  place  with  much  greater  rapidity,  being  complete  afler  a 
very  few  minutes'  warming  on  the  water  bath,  if  the  solution  contain  about 
I  per  cent,  of  hydrochlorip  or  sulphuric  acid. 

According  to  Dubrunfaut  (1856),  the  product  of  the  action  of  water  or 
acids  ou  inulin  is  identical  with  sucrolsevulose,  but  this  conclusion,  which  has 
been  generally  adopted  by  chemists,  appears  to  be  based  upon  very  instifBcient 
evidence.  He  states  that  its  apparent  sp.  rot.  power  is  two  and  a  half  times  aa 
great  as  that  of  inulin  itself :  hence  [ajj  =  —  44°*9  x  2*5  =  —  1 1 2^*25  ;  assnming 
the  determination  to  have  been  made  at  the  ordinary  temperature,  this  value  is 
somewhat  higher  than  that  assigned  to  sucrolsavulose — viz.,  [a]j=  —  106  at 
14^  (5 7°' 2  P.).  According  to  Drageudorff,  the  product  obtained  by  diecom- 
posing  inulin  by  heating  it  with  water,*  if  dissolved  in  cold  water,  haa  the 
apparent  sp.  rot.  power  [a]j,==  —  I23®t  at  21" — 22°  (69''-8 — 7i**-6  P.),  but  if 
the  solution  be  heated  to  about  60°  (140°  P.)  and  then  cooled  previous  to  the 
determination  of  its  optical  activity,  the  apparent  sp.  rot.  power  of  the  substance 
in  solution  sinks  to  about  —  83^.  Sucrolaavulose  is  not  known  to  behave  in 
this  way.J 

Although  the  final  product,  leevoglucose  is  not  the  only  product  of  the 
action  of  water  on  inulin,  either  alone  or  in  presence  of  acids,  but  apparently  a 
series  of  intermediate  substances  are  formed  just  as  in  the  case  of  starch.  Thus, 
by  heating  inulin  for  only  a  short  time  with  water,  and  precipitating  the  sola- 
tion  with  alcohol,  Dragendorff  obtained  a  substance  capable,  like  inulin,  of 
forming  sphoero-crystals,  but  easily  soluble  in  cold  water,  and  much  more 
readily  converted  into  Isevoglucose  by  boiling  with  water ;  and  which  at  first  aLto  is 


*  In  order  to  isolate  the  product,  the  solution  is  evaporated  to  a  syrup, 
which  is  mixed  with  4 — 5  vols,  of  absolute  alcohol,  the  mixture  allowed  to 
stand  for  24 — 48  hours,  then  filtered,  the  alcohol  distilled  off,  the  residue 
dissolved  in  a  small  quantity  of  water,  the  solution  decolorised  by  animal 
charcoal,  concentrated  on  the  water  bath,  and  the  residue  exposed  over  sulphuric 
acid. 

t  Dragendorff's  observations  were  mostly  made  with  a  Wild  polarimeter, 
illuminated  by  ordinary  daylight,  but  in  one  case  he  determined  the  rotatory 
power  of  the  same  solution  both  for  ordinary  white  light  and  for  the  yellow 
light  of  a  sodium  flame;  and  from  the  values  obtained  it  would  appear  that  his 
observations  for  white  light  may   be  reduced  to  values  of  [a]j,  by  division  I 

hy  1-134. 

X  Krusemann  (Deut,  chem,  Gres,  Ber.,  ix.  1465)  finds  that  when  inulin 
is  heated  with  water  in  closed  tubes,  the  rotatory  power  of  the  solution  attains 
a  maximum  afler  a  certain  length  of  time,  but  then  gradually  falls  as  the 
heating  is  continued ;  this,  however,  is  perhaps  due  to  the  alteration  of  the 
laevoglucose  (Comp,,  p.  602). 


Digitized  by  VjOOQ IC 


1575-]  GLYCOGEN.  641 

without  action  on  Pehling's  solution,  but  after  2 — 3  minutes*  boiling  begins  to 
reduce  it.*  By  heating  for  a  longer  tima  with  water,  a  still  more  easily  soluble 
body  is  produced,  as  in  the  previous  case,  together  with  Isevoglucose,  which  can 
only  be  precipitated  by  the  addition  of  a  large  quantity  of  alcohol  to  the  very  con- 
centrated solution;  when  dried  at  130°  (266^'F.),  it  has  the  same  empirical  com- 
position as  inulin,  but  is  optically  inactive,  and  apparently  yields  Isevoglucose  very 
readily  when  warmed  with  water.  The  substance  thus  obtained  by  DragendorfP,  and 
which  he  states  accompanies  inulin  in  plants,  exhibits  a  remarkable  resemblance 
to  Popp's  synanthrose,  which  not  improbably  is  a  member  of  the  (C^'R^fi^),^ 
group  of  carbohydrates,  and  not  a  body  of  the  same  empirical  composition  as 
cane  sugar,  as  supposed  by  Popp.  The  same  intermediate  products  are  formed 
by  the  action  of  dilute  acids,  but  their  separation  is  much  more  difficult,  on 
account  of  the  readiness  with  which  inulin  undergoes  alteration,  and  with  which 
they  are  themselves  altered,  under  the  influence  of  acids. 

Prom  the  above,  it  will  be  eyident  that  our  knowledge  of 
inulin  and  of  its  congeners  is  extremely  imperfect,  and  that 
much  has  yet  to  be  learnt,  both  with  regard  to  the  products  of 
its  decomposition  by  water,  and  also  of  the  carbohydrates  with 
which  it  is  associated  in  plants.  From  the  constant  occurrence  of 
starch  in  the  leaves  of  plants  which  furnish  inulin,  it  can  scarcely 
be  doubted  that  a  genetic  connexion  exists  between  the  two 
bodies,  and  as  starch  invariably  yields  dextrorotatory  products 
when  decomposed  by  artificial  means,  the  study  of  the  manner 
in  which,  perhaps,  it  is  naturally  converted  into  l»vorotatory 
substances  acquires  especial  interest. 

(1575)  Glycogen:  (CgHiQOg)^. — This  carbohydrate,  which 
is  only  known  to  occur  in  animals,  was  discovered  in  1857  by 
Claude  Bernard  (comp.  Ann,  Chem.  Phys,  [5],  viii.  367).  It 
appears  to  have  a  somewhat  similar  function  to  that  fulfilled  by 
starch  and  inulin  in  plants,  and  to  be  of  great  importance  for  cell 
growth,  as  it  is  found  wherever  this  is  actively  going  on.  It  is 
especially  abundant  in  the  liver  of  vertebrate  animals  during 
digestion,  and  also  occurs  in  the  muscles  and  in  colourless  blood 


•  According  to  Popp  (Ann.  Chem,  Pharm,,  clvi.  190),  if  the  expressed 
juice  of  unripe  dahlia  or  artichoke  tubers  be  precipitated  with  basic  plumbic 
acetate,  &c.  (p.  636),  a  substance  is  obtained,  which  he  terms  inuloid,  very 
closely  resembling  inulin  in  its  properties,  but  considerably  more  soluble  in 
water,  and  of  lower  specific  gravity.  When  dried  over  sulphuric  acid,  it  is  a 
white  amorphous  body  of  the  composition  C^Hj^^O^  +  OH,,  but  is  rendered 
anhydrous  by  heating  at  about  loj^  (221^  ¥.);  it  has  the  apparent  sp.  rot. 
power  [a]j  =  34*''5  (calculated  for  the  anhydrous  substance),  and  on  warming 
with  acids  yields  a  product  of  the  apparent  sp.  rot.  power  [a]j  =  —  79°.  It  does 
not  reduce  Fehling's  solution,  but  when  it  is  boiled  with  it  for  some  time  a 
voluminous  flocculent  precipitate  is  obtained.  It  melts  at  about  130^ — 135° 
(266° — 275**  P.),  and  is  decomposed  at  higher  temperatures. 

According  to  Dubrunfaut  and  Dragendorff  the  artichoke  also  contains  a 
deztrorothtory  carbohydrate. 

8  T   T 


Digitized  by 


Google 


642  CARBOHYDRATES.  [l575« 

corpuscles.  In  the  foetus^  it  is  largely  contained  in  the  longs, 
placenta  and  miiscular  tissue^  but  is  almost  if  not  entirely  absent 
from  the  liver  and  other  glands  and  the  ixervous  system ;  after 
birth  it  is  confined  almost  entirely  to  the  liver  and  muscles.  It 
occurs  in  considerable  quantity  in  many  mollusca^  and  has  also 
been  found  in  the  larvae  of  insects,  and  in  the  tapeworm  of  the 
pig.  Apparently  it  is  present  in  the  liver,  and  in  embryonic 
structures,  in  the  solid  state. 

The  amount  of  glycogen  in  the  liver  is  greatest  after  a  meal, 
but  is  quickly  diminished  by  fasting,  the  diminution  being  due  to  ^ 
its  conversion  into  a  glucose  under  the  influence  of  an  unor- 
ganised  ferment  present  in  the  blood  and  in  the  liver  itself. 
Although  there  is  little  doubt  that  glycogen  is  actually  formed 
(chiefly)  in  the  liver,  it  is  uncertain  from  what  materials  it  is 
produced,  for  not  only  is  the  amount  increased  by  the  use  of  food 
consisting  chiefly  of  carbohydrates,  but  it  continues  to  be  formed 
in  considerable  quantity  when  the  food  consists  of  flesh  alone. 
In  the  present  imperfect  state  of  our  knowledge  of  the  composi- 
tion of  flesh,  however,  we  are  not  justified  on  this  account  in 
assuming  that,  even  when  the  food  consists  of  flesh  alone,  the 
glycogen  is  not  more  or  less  directly  produced  from  carbohydrates, 
as  it  is  by  no  means  improbable  that  these  latter  are  in  a  sense 
pre-existent  in  some  at  least  of  the  albuminous  substances  which 
constitute  flesh — i,e,,  that  they  may  be  formed  from  them  by 
simple  hydration.  The  amount  of  glycogen  in  muscle  is 
diminished  by  activity,  but  is  not  subject  to  such  a  rapid  varia- 
tion as  the  glycogen  in  the  liver. 

Preparation. — It  is  best  prepared  from  liver,  which  must  be  that  of  a 
healthy  animal  killed  an  hoar  or  so  after  a  full  meal,  as  otherwise  the  liver 
would  contain  but  little  glycogen.  The  animal  (a  large  well-fed  rabbit  answers 
the  purpose  well)  is  rapidly  killed  by  decapitation,  the  liver  instantly  removed, 
quickly  chopped  into  pieces,  and  thrown  into  a  quantity  of  briskly  boiling  water, 
where  it  is  allowed  to  remain  for  a  short  time,  the  object  being  to  raise  the 
temperature  of  the  liver  as  soon  as  possible  to  ioo°  (212^  F.)  in  order  to  render 
the  ferment  which  it  contains  inactive  ;  the  liquid  is  then  poured  off,  the  liver 
rubbed  to  a  fine  pulp,  and  again  boiled  with  the  water.  The  solution  is  now 
strained  from  the  solid  matter,  filtered,  and  rapidly  cooled  by  placing  the  venel 
containing  it  in  iced  water.  The  albuminous  substances  dissolved  in  the  liquid 
are  best  removed  by  Briicke's  method,  by  the  addition  of  a  solntion  of  potaisaio 
mercuric  iodide,  prepared  by  saturating  a  boiling  solution  of  potassic  iodide  with 
mercuric  iodide,  this  solution  and  hydrochloric  acid  being  added  alternately  as  long 
as  a  precipitate  is  produced ;  after  standing  a  short  time,  the  precipitate  is  removed 
by  filtration,  and  the  filtrate,  whilst  constantly  stirred,  mixed  with  sufficient  60 
per  cent  alcohol  to  cause  a  copious  precipitate  of  glycogen.  The  precipitate  is 
collected  on  a  filter  and  washed  with  60  per  cent,  alcohol,  until  tJie  filtrate  no 
longer  produces  a  turbidity  in  a  solution  of  potuisio  hydrate  mixed  with  ammonia 
or  ammonic  chloride ;  it  is  then  washed  with  95  per  cent,  alcohol,  afterwards 
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extracted  with  ether  in  order  to  remove  fatty  Babstanoes,  and  finally  dried  in 
vaono  over  sulphuric  acid. 

According  to  Bizio  {Compt  Bend.,  Ixii.  675),  pure  glycogen  may  also  readily 
be  prepared  from  the  moliusks  Cardium  edule  and  the  oyster,  the  former  yield- 
ing as  much  as  14,  and  the  latter  9*5  per  cent.,  calculated  on  the  amount  of  dry 
substance  they  contain. 

Pare  glycogen  is  a  snow-white^  amorphous^  tasteless  sub- 
stance^ which,  after  drying  at  loo®  (212°  F.),  has  the  compo- 
sition CgHjoOj.  It  forms  a  paste  with  water,  and  rapidly  dis- 
solves in  it  on  warming,  yielding  an  opalescent  solution,  which 
becomes  perfectly  clear  on  the  addition  of  potassic  hydrate.  It 
exerts  a  powerful  dextrorotatory  action  on  polarized  lights  its 
apparent  sp.  rot.  power  in  aqiieous  solution  being,  according  to 
Hoppe-Seyler,  about  three  times  as  great  as  that  of  sucrodextrose. 
It  is  coloured  reddish-brown  by  iodine.  By  the  action  of  con- 
centrated nitric  acid,  it  is  converted  into  a  nitrate,  whilst  on 
boiling  it  with  the  dilute  acid,  oxalic  acid  is  produced.  It  is 
not  altered  by  moderately  concentrated  solutions  of  potassic 
or  sodic  hydrate,  and  does  not  reduce  Fehling's  solution. 

By  the  action  of  dilute  mineral  acids,  and  of  the  unorganized 
ferment  contained  in  malt  extract,  blood,  liver,  saliva,  and  the 
pancreatic  secretion,  glycogen  is  converted,  first  into  a  substance 
corresponding  to  dextrin,  and  then  into  a  body  capable  of  re- 
ducing Fehling's  solution,  which  ferments  in  contact  with  beer 
yeast,  is  coloured  brown  by  alkalies,  and  exerts  a  dextrorotatory 
action  on  polarized  light  (Bernard).  According  to  Berthelot  and 
Luca  (1859,  Compt,  Rend.,  xlix.  213),  the  body  produced  by  the 
action  of  hydrochloric  acid  is  identical  with  sucrodextrose,  its 
compound  with  sodic  chloride  having  precisely  the  same  crystal- 
line form  and  apparent  sp.  rot.  power  as  that  prepared  from  grape 
sugar,  but  they  do  not  state  that  this  conclusion  is  based  on  a 
direct  comparison  of  the  two  compounds.  Probably  they  con- 
trasted their  observations  on  the  glycogen  product  with  those  of 
Pasteur,  published  a  short  time  previously  (1856),  on  the  sodic 
chloride  compound  of  the  dextroglucose  from  diabetic  urine,  and 
as  the  identity  of  the  latter  with  sucrodextrose  is  not  yet  proved 
with  certainty  (comp.  p.  583),  we  must  also  for  the  present  re- 
gard it  as  an  open  question  whether  the  glucose  from  glycogen  is 
sucrodextrose. 

It  is  definitively  established  by  Bernard's  reitearches  {Ann.  Chim,  Fhys.  [5], 
ix.  207)  that  the  blood  of  both  carnivorous  and  herbivorous  animals,  even  affcer 
prolonged  abstinence,  (K)ntainii^a  dextroglaoose  as  one  of  its  normal  conutituents. 
Bernard  states  that  this  glucose  is  identical  with  that  present  in  diabetic  urine; 
but^this  conclusion  appears  to  be  based  merely  on  the  qualitative  reactions  which 
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The  placode  rapidly  diitappeare  from  the  blood  after  dmth,  and  also  on  keep- 
ing tKe  blood  withdrawn  fiom  an  animal j  hut  its  dtKioinjKisition  may  be  consi- 
derably retarded  by  the  addition  of  a  small  quantity  of  glacial  acetic  acid ;  it  ib 
neceasary,  therefore,  to  estimate  the  glucose  immediately  after  the  blood  is  with- 
drawn from  the  animal :  the  method  of  doing  tliis  has  been  fnDy  described  by 
Bernard  (he.  citt  p.  228)* 

The  results  obtained  by  Bernard  appear  to  show  that  the  amount  of  glncosa 
in  blood  is  independent  of  the  nature  of  the  food  ;  and  also  that  blood  contains 
a  normal  amount  of  glucose,  even  after  the  animal  from  which  it  is  taken  has 
been  for  a  considerable  time  without  food.  Thus  he  found  in  the  miied  blood  of 
a  healthy  adult  rahbit  killed  by  decapitation  i"40  pts.  per  looo^  and  in  the 
carotid  artery  of  a  second  similar  animal  i'a5  pt^  per  1000  of  glucose.  They 
had  been  fed  on  vegefcivbles  and  bread,  and  were  killed  during  the  period  of 
digestion  j  the  stomach  and  intestines  of  both  contained  "  sugar."  Similarly,  the 
l>load  of  four  healthy  adult  dogfi  in  full  digestion,  which  for  some  time  previously 
had  been  fed  entirely  on  cooked  beef^  contained  i"45,  1*32,  no,  and  i'24  pta. 
per  1000  of  glucose;  no  trace  of  sugar  could  be  detected  in  the  stomach  or 
intestines  of  any  of  these  animals.  The  venou«  blood  of  a  healthy  man,  60 
years  of  age,  partaking  of  a  miied  diet,  contained  I'lj  pta,  per  1000  of  glucose. 
The  blood  of  a  dog  which  had  for  three  day  a  been  entirely  deprived  of  food 
contained  I  "21  pts.  per  looo  of  glucose;  while  that  of  another  dog  in  a  feverish 
condition,  which  had  been  the  subjetit  of  a  physiological  eiperiment,  and  which 
for  two  days  previously  had  refused  all  food,  contained  r'41  pta.  per  1000  of 
glucoae.  The  etotnach  and  intestines  of  both  of  these  animals  were  completely 
empty.  The  miied  blood  of  a  rabbit  which  had  been  deprived  of  food  contained 
1^17  pts,  per  iOQO  of  glucose, 

Althongh  the  amount  of  glucoae  in  the  mixed  blood  of  animals  is  subject  to 
considerable  variation,  under  normal  conditions  it  is  compri^d  within  the  limits 
of  I  to  3  pts,  per  I OOD  of  blood :  the  presence  of  a  less  amoimt  than  i  pt.  per 
1000  being  an  indication  of  deHcieut  nutrition^  while  if  the  blood  contain  more 
than  3  pta,  per  Tooo  the  limit  of  saturation,  so  to  speak,  is  exceeded,  and 
glucose  appparw  in  the  urine. 

Arterial  blood  contains  sensibly  the  same  amount  of  glucose  from  whatever 
part  of  the  system  it  be  taken — viz.,  on  an  average  from  t  to  1*5  pts.  per  looo. 
Yenous  blood,  on  the  contrary,  con  tains  varying  araouata  of  glucose  in  dilferent 
parts  of  the  system,  hut  usually  a  less  amount  than  arterial  blood^viz.,  from 
about  '6  to  I  pt.  per  loooj  that  contained  in  the  right  side  of  the  heart  and 
the  vena  cava  inferior  above  the  point  where  the  blood  which  has  passed  through 
the  liver  is  poured  into  it,  however,  is  much  richer  in  fjlucose  than  the  blood  from 
any  other  part  of  the  body.  For  eTramiik,  Bernard  found  in  blood  drawn  from, 
the  vena  cava  inferior  at  a  point  below  the  hepatic  vein,  T"o8  pts.  per  lOOO 
glucose,  but  2 'GO  pts*  per  rooo  in  blood  drawD  from  the  vena  cava  inferior  of 
the  same  animal  at  a  point  level  with  the  sub-hepatic  Tcins.  In  another  erperi- 
ment  the  blood  from  diiferent  partj*  of  the  system  was  found  to  contain  in  1000 
ptfl«  the  following  amount  of  glucose  ; 

Blood  from  the  right  jugnlar  vein  -     .     ,     .        "gi 

Blood  from  the  vena  cava  superior  *      *     .     .       '90 

Elood  from  the  right  carotid  artery  .     .     .     .      1*10 

Blood  from  the  right  side  of  the  heart       .     .      1-25 

From  these  facts,  it  appi^ara  in  the  hi^hejit  degree  probiible  that  the  soluble 

carbohydrates  which  ore  either  preu^ent  in  the  food,  or  are  formed  from  the  insoluble 

ombohydratcs  during  digestion  (and  also  a  portion  of  the  albnmeuoids),  do  not 
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directly  pass  into  the  general  cironlation,  bat  that  they  are  stored  np  in  the  liver 
in  the  form  of  glycogen ;  the  latter  then  gradually  undergoes  conversion  into 
glucose,  and  in  this  form  is  conveyed  to  the  various  parts  of  the  system,  where 
it  is  perhaps  partially  reconverted  into  glycogen  (in  the  muscles),  and  partially 
undergoes  alterations  in  other  ways. 

(1576)  Cellulose  :  (CgHiQOg)^. — ^Tfiis  carbohydrate  con- 
stitutes the  essential  part  of  the  solid  framework  or  cellular 
tissue  of  plants^  but  it  apparently  also  exists  in  the  animal 
kingdom^  as  the  so-called  tunicin  contained  in  the  outer  envelopes 
of  the  Tunicata  or  Ascidia,  according  to  Schoerer  {Ann.  Chem, 
Pharm.y  clx.  312),  is  in  all  respects  identical  with  vegetable 
cellulose.  It  occurs  nearly  pure  in  cotton,  linen,  elder  pith,  and 
in  the  pith  of  the  Aralia  papyrifera,  from  which  Hce  paper  is 
prepared ;  but  as  a  rule,  only  the  tissue  of  very  young  cells  con- 
sists of  pure  cellulose,  for  as  the  plant  grows  the  cell  walls  become 
incrusted  with  various  matters.  The  following  analyses  of  raw 
cotton,  wheat  and  barley  straw,  and  of  a  number  of  woods, 
afford  illustrations  of  the  extent  to  which  cellulose  is  associated 
with  other  substances  in  various  vegetable  products : 


• 

Water. 

Aqneoas 
extract 

Aloohol- 
ImizeDe 
extnot. 

CellnloM. 

Incmsting 
lubetances. 

Cotton  .     .     . 

7'00 

*5o 

•40 

9135 

•87 

Barley  straw    . 
Wheat  straw    . 
Alder     .     .     . 

1175 
1039 
1070 

9*34 

8-52 
2-48 

199 
•87 

4922 

49-*7 

54-62 

2770 
3034 

31*33 

Beech    .     .     . 
Birch     .     .     . 
Black  poplar    . 

12*57 
12-48 
1210 

2-41 
2-65 
2-88 

•41 
114 

1*37 

45 '47 

55-52 
6277 

39*14 
28-21 
20-88 

Box  ...     . 

Chestnut     .     . 

1 2  90 
1203 

2-63 
5*41 

•63 
i-io 

48-14 
5264 

35*70 
2882 

Ebony    .     .     . 
Fir  ...     . 

9-40 
13*87 

9*99 
1-26 

2-54 
•97 

29-99 
5699 

48-08 
26-91 

Lime     .     .     . 

lO'IO 

356 

3*93 

5309 

29-32 

Mahogany  .     . 

12-39 

9-91 

I  "02  . 

49-07 

27-61 

Oak  ...     . 
Scotch  fir   .     . 
Teak      .     .     . 
Willow.     .     . 

13  12 
12-87 
11-05 
11-66 

1220 
4*05 
3*93 
2-65 

•91 
1-63 

374 
123 

3947 
53-27 
43-12 
5572 

34-30 
28-18 
38-16 
2874 

The  various  matters  which  accompany  cellulose  in  vegetable  structures  are 
usually  included  under  the  three  heads  of  ligrieous  matter,  cork  or  cuticular 
substance,  and  intercellular  substance.  Both  ligneous  matter  and  cork,  the 
latter  especially,  are  relatively  richer  in  carbon  and  hydrogen  than  cellulose,  but 
scarcely  anything  b  known  with  certainty  with  regard  to  the  nature  of  the 
numerous  substances  of  which  they  are  composed.  The  cuticular  substance  is 
distinguished  from   cellulose  by  its  greater  solubility  in  alkalies,  and  by  being 
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more  readily  destroyed  by  the  action  of  nitric  acid,  chlorine,  &e. ;  cork  espe- 
cially is  characterized  by  its  behavioar  on  oxidation  with  nitric  acid,  which 
converts  it  into  an  acid  of  the  succinic  series,  suberic  acid,  CgH^^O^.  Ligneous 
matter  also  opposes  less  resistance  to  the  action  of  reagents  than  cellulose,  and 
is  converted  without  difficulty  by  the  action  of  chlorine  and  similar  agents  into 
substances  soluble  in  dilute  alkalies,  and  partly  even  in  water  and  alcohol.  The 
intercellular  substance  in  some  cases  consists  of  so-called  pectous  and  muci- 
laginous bodies,  and  in  others  exhibits  the  characters  of  ligneous  matter.  For 
a  full  description  of  the  formation  of  cellular  tissue  in  plants,  and  of  the  manner 
in  which  the  cellulose  becomes  incrusted  with  various  matters,  the  student  is 
referred  to  Sachs's  "  Text-Book  of  Botany."  It  may  here  be  pointed  out  that 
we  are  also  ignorant  of  the  nature  of  the  so-called  humtM  substances  which  are 
formed  by  the  gradual  decay  of  vegetable  matter  and  of  woody  fibre ;  the  crude 
products  have  been  analysed  by  Mulder  and  others,  and  formulse  have  even  been 
attributed  to  them,  but  as  they  are  entirely  devoid  of  distinctive  properties,  and 
do  not  admit  of  separation  and  purification  by  any  of  the  methods  at  present 
known,  the  results  which  have  been  obtained  are  of  very  little  value.  From 
Pasteur's  experiments  it  appears  that  the  decay  of  vegetable  substances,  and 
indeed  of  organic  matters  generally,  is  neither  a  spontaneous  process  nor  merely 
the  result  of  slow  oxidation  at  the  expense  of  atmospheric  oxygen,  but  that  it  is 
in  great  part  at  least  due  to  the  mediation  of  low  organisms,  the  germs  of 
which  are  present  in  the  atmosphere ;  thus  he  has  found,  for  example,  that  when 
moistened  sawdust  is  exposed  to  a  current  of  air  it  generates  carbonic  anhydride 
abundantly,  whereas  if  it  be  previously  heated  to  destroy  the  germs,  and  every 
precaution  be  taken  to  remove  them  from  the  apparatus  in  which  the  experiment 
is  carried  out,  and  from  the  air,  no  appreciable  oxidation  taken  place. 

Estimation  of  Cellulose, — The  analyses  above  given  are  taken  from  Dr.  Hugo 
Miiller's  article  (150  pp.):  Die  Ffianzenfaser  und  ihre  Aujhereitung  fur  die 
Technik,  in  Hofmann's  Bericht  iiber  die  Entwickelung  der  chemischen  In- 
dustrie icdhrend  des  leizten  Jahrzehends  (1877).  In  this  most  valuable 
work  an  account  is  given  of  the  various  materials  in  use  for  the  manufacture  (^ 
paper,  and  of  the  modes  of  treating  them,  and  also  of  a  large  number  of  other 
cellulose-yielding  vegetable  substances. 

The  method  employed  by  Dr.  Miiller  for  estimating  the  cellulose  is  one  devised 
by  himself,  and  as  it  appears  to  possess  some  advantages  over  that  of  Schulze,  which 
has  hitherto  been  generally  adopted,  it  may  here  be  described.  About  2  grams  of 
the  material  to  be  examined  are  dried  at  no* — 115°  (230" — 239®  F.),and  if  it 
contain  any  considerable  quantity  of  fat,  wax,  or  resin,  it  is  first  exhausted  with  a 
mixture  of  strong  alcohol  and  benzene,  and  then  extracted  by  boiling  several 
times  with  water,  or  very  dilute  ammonia.  The  softened  mass,  if  not  already 
sufficiently  divided,  is  next  triturated  in  a  mortar  with  a  boxwood  pestle ;  in 
the  case  of  woods,  however,  if  fine  shavings  be  employed,  further  division  in  this 
manner  is  unnecessary.  It  is  now  transferred,  with  100  cc.  of  water,  to  a 
capacious  wide-mouthed  stoppered  bottle,  and  5  or  locc.  of  an  aqueous  solution 
of  bromine,  containing  2  cc.  of  the  latter  in  500  oc.  of  water,  are  added  accord- 
ing to  the  nature  of  the  material.  In  the  case  of  the  purer  bark  fibres,  such  as 
flax  and  hemp,  the  yellow  colour  of  the  liquid  only  slowly  disappears,  but  with 
straw  and  woods  it  disappears  in  a  very  few  minutes.  When  this  happens,  a 
fresh  quantity  of  the  bromine  solution  is  added,  and  the  addition  of  bromine  is 
repeated  until  at  last  the  liquid  retains  its  yellow  colour,  and  bromine  can  still 
be  detected  in  it,  after  standing  1 2 — 24  hours.  The  substance  is  now  filtered 
from  the  liquid,  washed  with  water,  and  heated  nearly  to  boiling  with  about 
500  cc.  of  water  to  which  2  uc.  of  liquid  ammonia  are  added ;  this  causes  all 
crude  vegetable  fibres  and  woods  to  assume  a  more  or  less  intense  dark  brown 
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isoloar,  and  tlie  liqaid  is  similarly  coloured.  The  undissolved  matter  is  then 
separated  hy  filtration,  washed,  returned  to  the  bottle,  again  treated  with 
bromine  solution  as  before,  and  when  the  action  of  the  bromine  is  completed, 
exhausted  with  dilute  ammonia.  A  second  treatment  is  usually  sufficient  in  the 
case  of  the  purer  bark  fibres,  but  tissues  which  are  more  completely  lignified 
require  a  third  and  even  fourth  treatment  in  order  to  free  the  cellulose  completely 
from  foreign  substances.  The  operation  may  be  considered  to  be  at  an  end  when, 
after  standing  24  hours  with  very  dilute  bromine  solution,  on  treating  the  washed 
residue  with  warm  dilute  ammonia,  the  liquid  is  no  longer  coloured.  By  this 
treatment  the  vegetable  tissue  gradually  becomes  disintegrated,  and  finally,  after 
washing  with  water  and  then  with  boiling  alcohol,  a  brilliant  white  mass  of 
isolated  cells  is  obtained.     This  is  dried  and  weighed. 

In  order  to  ascertain  the  amount  of  the  other  substances  which  accompany 
cellulose — viz.,  of  the  substances  soluble  in  water,  of  fatty,  resinous,  and  waxy 
matters,  of  pectous-like  substances,  and  of  incrusting  matters,  five  grams 
of  the  comminuted  tissue  are  extracted  by  boiling  five  tiuMS  with  water, 
using  100  CO.  each  time,  and  then  dried  >  they  are  next  exhausted  with 
a  mixture  of  benzene  and  alcohol,  which  removes  fat,  wax,  &c.  ^  then  the 
residue  is  several  times  boiled  with  dilute  ammonia,  which,  in  most  cases,  dissolves 
a  considerable  quantity  of  colouring  matter  and  of  pectous  substances,  the 
amount  of  which  may  be  estimated  by  evaporating  the  solution  to  dryness ;  and 
finaUy,  the  mass  is  submitted  to  the  treatment  with  bromine,  &c,,  above 
described.  After  the  cellulose  has  been  dried  and  weighed,  it  may  be  four  or 
five  times  boiled  (each  time  with  100  cc.)  of  a  i  per  cent,  solution  of  crystal- 
lized sodic  carbonate,  and  from  the  loss  of  weight  which  it  suffers,  the  amount 
of  the  more  soluble  modification  of  cellulose  present  in  most  vegetable  fibres  may 
be  approximately  determined. 

Cellulose  bears  a  very  close  genetic  relation  to  starch,  being 
in  all  probability  more  or  less  directly  formed  from  it ;  but  it  is  a 
much  more  stable  substance^  and  is  not^  like  starchy  readily 
rendered  soluble.  Nevertheless  it  is  undoubtedly  in  some  cases 
deposited  as  a  reserve  material,  as  in  the  endosperm  of  the  date 
for  example,  the  greater  part  of  the  hard  kernel  of  which  con- 
sists of  cellulose,  which  is  gradually  dissolved  during  germination ; 
the  mucilaginous  substances  which  are  met  with  in  certain  plants, 
and  some  at  least  of  the  substances  which  cause  lignification  and 
cuticularisation  are  perhaps  also  products  of  the  partial  alteration 
of  the  cellulose  of  the  cell  walls. 

Pure  cellulose  may  readily  be  obtained  from  any  of  the 
purer  forms  in  which  it  occurs  naturally,  such  as  cotton  or  elder 
pith,  or  from  unsized  paper  or  old  linen,  by  submitting  them  to 
the  action  of  bromine,  &c.,  in  the  manner  above  described. 

Cellulose  is  a  white,  odourless,  tasteless,  very  hygroscopic 
substance,  of  the  sp.  gr.  about  1*45,  insoluble  in  all  ordinary 
menstrua;  the  only  liquid  apparently  in  which  it  is  soluble 
Ifithout  change  is  a  solution  of  cuprammonic  hydrate. 

This  solution  is  most  conveniently  prepared  by  dissolving  cuprie  hydrate  to 
Mitttration  in  ammonia,  the  cuprie  hydrate  for  this  purpose  being  precipitated 
^rt^  a  MciMion  of  cuprie  sulphate  in  presence  of  ammonic  chloride   by  sodio 
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hydrate,  well  washed  by  decantation  and  then  on  a  filter,  and  preserved  onder 
water.  If  cotton  wool  or  paper  be  placed  in  contact  with  this  solution,  it 
assumes  a  gelatinous  condition,  and  on  agitation  g^radually  dissolves,  forming  a 
viscid  solution,  which  may  be  filtered  after  dilution  with  water.  On  neutralizing 
the  filtrate  with  hydrochloric  acid,  the  cellulose  separates  as  a  gelatinous  precipi- 
tate resembling  aluminic  hydrate,  which,  when  dried,  forms  a  transparent, 
brittle,  horn-like  mass ;  it  may  also  be  precipitated  by  carbonic  anhydride  and 
by  many  neutral  substances,  such  as  sugar  or  sodic  chloride,  and  even  water  in 
large  quantity  causes  its  gradual  separation.  Cellular  tissue,  as  a  rale,  how- 
ever, is  not  directly  soluble  in  the  cuprammonic  hydrate  solution,  but  may  be 
rendered  soluble,  in  some  cases  by  mere  drying  at  about  150°  (3^2^  F.),  or  by 
boiling  with  water,  and  in  others  by  treatment  with  dilute  alkaline  and  acid 
solutions;  highly  lignified  tissue  becomes  soluble  only  ailer  treatment  with 
oxidizing  agents,  <&c. 

Cellulose  is  not  coloured  by  iodine  solution  alone^  or  at  most 
assumes  a  yellow  or  brownish  colour,  but  in  presence  of  hydriodic 
acid,  potassic  or  zincic  iodide,  sulphuric  or  phosphoric  acid,  and 
zincic  chloride  it  is  coloured  blue  by  iodine ;  concentrated  sul- 
phuric acid  and  a  concentrated  solution  of  zincic  chloride  espe- 
cially favour  the  production  of  the  blue  colour.  These  substances 
apparently  do  not  act  by  removing  impurities,  or  by  causing  the 
cellulose  to  swell  up  with  water,  for  if  a  portion  of  cellular 
tissue  be  treated  with  any  one  of  the  reagents  which  induce  the 
blue  colour,  and  be  then  freed  from  it  by  washing,  it  is  not  then 
coloured  blue  by  iodine  ;  and  cotton  wool,  for  example,  which  has 
bcjn  boiled  with  dilute  hydrochloric  or  nitric  acid,  or  dissolved 
iu  cuprammonic  hydrate,  neutralized  and  washed,  is  also  not 
coloured. 

Cellulose  has  but  a  very  slight  tendency  to  form  metallic 
derivatives. 

It  is  not  appreciably  altered  by  cold  moderately  concentrated  solutions  of 
potassic  or  sodic  hydrate,  but  in  very  concentrated  solutions  it  swells  up  and 
gradually  dissolves ;  apparently  the  liquid  at  first  contains  unaltered  cellulose, 
(perhaps  in  the  form  of  a  potassic  derivative),  which  may  be  precipitated  by  the 
addition  of  water,  but  it  is  said  that  alteration  soon  takes  place,  and  that  at  first 
a  substance  is  produced  which  is  coloured  blue  by  'iodine,  then  a  dextrin-like 
siibKtance,  and  finally  a  glucose.  Cellulose  (in  the  form  of  filter  paper)  has  the 
property  of  absorbing  an  appreciable  amount  of  baric  hydrate  from  dilute 
solutions  of  the  btter,  from  which  it  cannot  be  freed  by  washing  with  water 
(Miiller,  Zeit,  anal.  Chem,,  i.  84).  It  appears  also  to  form  plumbic  derivatives 
(Mulder,  Jahresh.  1863,  565).  Its  dissolution  in  a  solution  of  cuprammonic 
hydrate  is  not  improbably  due  to  the  formation  of  a  metallic  derivative. 

If  cotton  wool  or  Swedish  filter  paper  be  heated  at  180''  (356''  F.)  for  1-2 
hours  with  6-8  pts.  acetic  anhydride,  it  is  entirely  dissolved  and  converted  into 
the  triacetate,  C^H,(C^H^O,)0,,  which  may  be  separated  by  pouring  the  syrup 
into  water ;  in  the  pure  state,  it  is  a  white  powder,  soluble  in  glacial  acetic  acid 
and  concentrated  sulphuric  acid,  and  is  very  easily  converted  into  cellulose  and 
acetate  by  boiling  with  dilute  alkali.  The  acetic  acid  solution  is  entirely  with- 
out action  on  polarized  light.     It  is  not  possible  to  obtain  higher>derivati|ves  by 
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the  action  of  a  greater  excess  of  the  anhydride  at  higher  temperatures;  at  lower 
temperatures  the  cellulose  merely  swells  up  in  the  anhydride  without  dissolving, 
forming  lower  acetates  which  cannot  be  separated  from  the  unaltered  substance 
(Schiitzenberger,  Ann,  Chem,  Fharm.y  clx.  75). 

Correnpondiug  nitrates  are  formed  by  the  action  of  nitric  acid,  and  constitute 
the  well-known  substances  gun  cotton  and  collodion.  If  a  mixture  of  nitric 
and  sulphuric  acids,  each  in  the  highest  degree  of  concentration,  be  employed, 
the  cellulose  is  converted  into  the  trinitrate,  CjHy(NOJ,Oj,  but  by  the  action  of 
acid  mixtures  containing  larger  proportions  of  water,  lower  nitrates  are  produced, 
which,  according  to  Hadow(c7(wm.  Chem,  Soc,  1854,  vu.  208),  are  represented 
by  the  formnlsB  C„H„(NO,)gOy  and  C„Hj^(NO^yO,.  The  trinitrate  is  higlily 
explosive,  soluble  in  e  thy  lie  acetate,  but  insoluble  in  any  mixture  of  ether  and 
alcohol ;  properly  manufactured  gun  cotton  consists  almost  entirely  of  this  sub- 
stance. The  compound  C^fl^Q^O^fi^  is  less  explosive,  and  insoluble  in  acetic 
acid,  but  soluble  in  a  mixture  of  seven  parts  of  ether  and  one  part  of  alcohol, 
whereas  the  compound  CjgH,,(NO,)yOg  is  largely  soluble  both  in  ether  and  in 
glacial  acetic  acid  ;  ordinary  collodion  is  a  mixture  of  these  two  substances,  but 
the  former,  according  to  Hadow,  is  the  best  fitted  for  photographic  purposes. 
These  nitrates  scarcely  differ  from  the  unchanged  cellulose  in  appearance,  but  if 
pyroxylin  (gun  cotton)  prepared  from  ordinary  cotton  be  examined  by  the  micro- 
scope in  polarized  light  it  is  found  to  have  lost  the  property  of  depolarization  which 
cotton  possesses.  A  solution  of  collodion  has  a  dextrorotatory  action  on  polarized 
light,  cellulose  itself  being  apparently  an  optically  inaxstive  substance.  These  nitrates 
may  be  reconverted  into  cellulose  by  digestion  at  ordinary  temperatures  with  an 
alcoholic  solution  of  potassic  sulphydrate,  or  by  the  action  of  ferrous  chloride  : 
they  are  also  freely  dissolved  by  an  aqueous  solution  of  potassic  hydrate,  by 
which  they  are  decomposed.  A  full  account  of  an  inquiry  into  the  processes 
of  manufacture,  the  composition,  and  the  causes  which  influence  the  stability 
of  gun  cotton,  and  into  its  behaviour  as  an  explosive  agent,  will  be  found  in 
Abel's  papers,  FhiL  Trans.,  1866,  269 ;  1867,  181  ;  1869,  489  j  and  1874, 
337. 

Cellulose  is  gradually  altered  by  prolonged  boiling  with  dilute 
hydrochloric  or  sulphuric  acid,  but  it  does  not  entirely  withstand 
the  action  of  boiling  water  alone^  and  at  higher  temperatures  it 
is  decomposed  by  water  without  diflBculty.  Thus,  according  to 
Hoppe-Seyler  {Deut,  chem.  Ges,  Ber.,  iv.  15),  if  Swedish  filtering 
paper  be  heated  with  water  at  200°  (392°  F.),  for  4 — 6  hours, 
it  becomes  browned,  while  the  liquid  assumes  a  yellow  colour, 
and  contains  glistening  particles  and  brown  substances  in  sus- 
pension ;  on  opening  the  tubes  carbonic  anhydride  escapes,  and 
the  solution  contains  no  inconsiderable  quantity  of  formic  acid 
and  pyrocatechol. 

Concentrated  hydrochloric  and  sulphuric  acids  dissolve  cellu- 
lose, and  are  said  to  convert  it,  in  the  first  instance,  into  a  sub- 
stance which  is  coloured  blue  by  iodine  alone,  and  swells  up 
considerably  in  water,  but  without  dissolving ;  a  soluble  "  modi- 
fication of  cellulose''  is  next  formed,  together  with  a  dextrin-like 
substance,  having  a  less  powerful  dextrorotatory  action  on  polarized 
light  than  starch  dextrin,  and  if  the  solution  be  largely,  diluted 
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with  water  and  boiled,  a  glucose  is  formed.  We  have  no  certain 
knowledge  of  any  of  these  products,  however,  for  none  of  them 
have  been  examined  in  the  pure  state.  Girard  has  recently 
stated  {Ann,  CMm.  Phys.  [5],  ix.  116)  that,  if  purified  cotton 
wool  be  immersed  for  twelve  hours  in  sulphuric  acid  of  45^ 
Beaume,  it  does  not  appreciably  alter  in  appearance,  but  if  it 
be  perfectly  freed  from  acid  by  washing,  and  dried  at  a  low 
temperature,  it  forms  a  friable  mass  which,  if  rubbed  between  the 
fingers,  at  once  becomes  reduced  to  a  snowy  white  powder ;  this 
product,  according  to  Girard,  has  the  composition  C^jH^O^, 
being  formed  from  cellulose  by  the  fixation  of  the  elements  of 
water,  and  may  therefore  be  termed  hydrocelltUase.  It  is  said  to 
retain  this  composition  after  desiccation  (at  what  temperature  is 
not  stated) ;  if  heated  for  several  days  to  50®  (122®  F.),  it  gradu- 
ally absorbs  oxygen,  and  assumes  a  yellow  colour,  and  on  treating 
it  with  water  a  residue  of  the  unaltered  substance  is  obtained, 
and  a  yellow  solution,  which  reduces  Fehling's  liquid ;  it  is  also 
slowly  dissolved  and  decomposed  on  digestion  with  a  1  i>er  cent, 
solution  of  potassic  hydrate. 

When  unsized  paper  is  plunged  for  a  few  seconds  into  a  mixture  of  equal 
volumes  of  concentrated  sulphuric  acid  and  water,  then  washed,  first  with  water, 
then  with  dilute  ammonia,  and  lastly  with  water  again,' it  acquires  oonsiderahle 
toughness,  in  consequence  apparently  of  the  conversion  of  the  outer  surface  of 
cellulose  into  a  subntance  by  which  the  fibres  are  cemented  together.  A  con- 
centrated solution  of  zincic  chloride  has  a  similar  action.  Paper  thus  prepared 
IB  known  under  the  name  of  vegetable  parchment,  from  its  resemblance  to 
parchment  in  toughness  and  appearance ;  it  has  many  practical  uses,  and  niay  be 
substituted  for  bladder  as  a  septum  for  dialysis. 

Cellulose  is  gradually  altered  by  prolonged  boiling  with 
alkalies,  but  much  less  readily  than  by  acids.  It  is  said  that  if 
it  be  heated  with  potassic  hydrate  at  160°  (320*^  F.),  and  the  mass 
be  dissolved  in  water,  a  solution  is  obtained  from  which  acids 
precipitate  a  substance  having  the  general  properties  of  cellulose, 
but  which  is  soluble  even  in  cold  solutions  of  alkalies.  According  to 
Peligot,  if  cellulose  moistened  with  water  be  submitted  to  distil- 
lation With  an  equal  weight  of  potassic  hydrate,  methylic  alcohol 
distils  over,  and  the  residue  contains  potassic  oxalate,  A  large 
amount  of  oxalate  is  also  formed  on  heating  cellulose  with  a 
mixture  of  potassic  and  sodic  hydrates ;  this  reaction,  in  fact,  is 
made  use  of  for  the  preparation  of  oxalic  acid  on  the  large 
scale  (q.  v.). 

When  subjected  to  destructive  distillation,  cellulose  yields  a 
considerable  amount  of  carbonaceous  matter,  together  with 
carbonic  anhydride,  methane,  methylic  alcohol,  <^^^^^^^d 
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as  chief  products;  pyrocatechol  is  also  formed,  and  doubtless 
other  substances  are  produced.  It  is  scarcely  necessary  to  point 
out  that  the  products  of  the  destructive  distillation  of  wood  are 
only  in  part  derived  from  cellulose. 

Little  is  known  of  the  behaviour  of  cellulose  with  oxidizing 
agents.  It  yields  oxalic  acid  in  abundance  when  boiled  with 
moderately  concentrated  nitric  acid ;  it  is  slowly  oxidized  by 
chlorine  in  presence  of  water,  and  also  by  bleaching  powder 
solution,  and  on  treatment  with  a  concentrated  solution  of  the 
latter  yields  a  small  apaount  of  carbonic  anhydride,  together  with 
a  syrupy  mixture  of  substances,  partly  possessed  of  acid  characters, 
soluble  in  water  (Hugo  Miiller).  It  is  also  slowly  oxidized  in 
contact  with  ferric  and  manganic  oxides;  hence  the  destruction 
of  cotton  and  linen  fabrics  by  rust  spots. 

Gums — Pectous  Substances — Vegetabk  Mucilage. 

These  terms  are  applied  to  a  variety  of  vegetable  products  of 
the  nature  of  which  at  present  very  little  is  known ;  they  pro- 
bably, however,  all  belong  to  the  class  of  carbohydrates  :  i.e., 
they  are  compounds  of  carbon,  hydrogen  and  oxygen  containing 
either  six,  or  some  simple  multiple  of  six,  atoms  of  carbon  in 
their  molecules,  the  hydrogen  and  oxygen  being  present  in  the 
same  relative  proportions  as  in  water. 

(1577)  Ababin,  Metababin,  Pahaeabin. — ^According  to  the  researclies  of 
Scheibler  (Deui,  chem,  Oes.  Ber,,  1868,  i.  58  and  108  5  1873,  vi.  612)  and 
Beichardt  (ibid.,  1875,.  yiii.  807),  fleshy  rootft,  such  as  the  sugar  beet  and  carrot, 
oontaiu  two  carbohydrates,  metarabin  and  pararabin,  insoluble  in  water,  which 
may  be  rendered  soluble,  the  former  by  alkalies  and  the  latter  by  acids ;  pararabin 
is  apparently  not  altered  by  this  treatment,  but  metarabin  is  converted  into 
soluble  arabin,  which  may  also  be  formed  from  pararabin  by  heating  it  with 
alkalL  The  following  method  of  preparing  arabin  from  sugar  beet  is  recom- 
mended by  Scheibler : — The  fresh  pulp  having  been  freed  as  completely  as 
possible  from  the  juice  by  pressure,  the  press-cake  is  broken  into  fragments,  and 
immersed  for  several  hours  in  alcohol  (86 — 90  per  cent.  Tr.) ;  the  alcoholic 
solution  is  then  expressed,  and  the  residue  again  similarly  treated.  The  soluble 
substances  are  thus  almost  completely  removed.  The  dry  mass  is  now  thrown 
into  boiling  water  and  heated  with  it  for  a  short  time ;  milk  of  lime  is  then 
added  to  strong  alkaline  reaction,  and  the  whole  heated  for  some  time  in  the 
water  bath.  The  solution  is  then  separated,  the  dissolved  calcic  hydrate  pre- 
cipitated by  carbonic  anhydride,  the  filtrate  evaporated  to  a  small  bulk  in  the 
water  bath,  then  filtered,  rendered  strongly  acid  with  acetic  acid,  and  precipitated 
with  a  large  excess  of  strong  alcohol.  After  a  time,  the  solution  is  poured  off, 
the  precipitate  dissolved  in  a  small  quantity  of  water,  the  liquid  filtered,  if 
necessary,  and  again  precipitated  with  alcohol ;  these  operations  are  several  times 
repeated.  Finally,  the  product  is  dissolved  in  a  small  quantity  of  water,  and 
sufficient  alcohol  added  to  the  solution  to  precipitate  only  a  small  proportion  of 
the  arabin ;  after  standing  several  days,  the  clear  liquid  is  syphoned  off  from  the 
deposit,  which  contains  most  of  the  impurities,  and  the  ar(|j)J^^i^aining  in 
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solution  is  precipitated  by  alcohol.  It  cannot,  however,  be  entirely  freed  from 
ash  coDHtituents  in  this  manner.  The  amount  of  arabin  in  ,beet  varies  greatly 
in  different  seasons. 

When  dry,  arabin  thus  prepared  has  the  composition  C^^H^jO^j,*  and  in 
most  of  its  properties  exhibits  the  closest  resemblance  to  purified  gum  arabic. 
Its  solutions  in  water  have  about  the  same  sp.  gr.  as  solutions  of  cane  sugar  of 
the  same  strength.  It  does  not  reduce  .Fehling's  solution.  Most  frequently  it 
exerts  a  powerful  Isevrorotatory  action  on  polarized  light,  but  occasionally  the 
product  obtained  in  the  manner  above  described  has  a  slight  dextrorotatory 
action.  It  undergoes  inversion  when  heated  with  dilate  sulphuric  acid,  the 
solution  acquiring  the  property  of  reducing  cupric  salts,  and  of  deviating  the 
plane  of  polarization  powerfully  to  the  right ;  the  product  consists  of  arabinose 
(1560)  and  a  glucose  (?)  which  has  not  yet  been  isolated  in  the  pure  state,  but 
is  apparently  of  lower  rotatory  power. 

Pararabin  is  prepared  from  beet  or  carrot  pulp,  freed  frt>m  all  soluble  matters 
by  lixiviation  with  water  and  alcohol,  by  digesting  it  for  some  hours  with  a 
I  per  cent,  solution  of  hydrochloric  acid,  then  heating  to  boiling,  and  precipitating 
the  expressed  liquid  with  alcohol;  it  separates  as  a  gelatinous  mass,  or  in 
flocculi.  The  precipitate  is  completely  freed  from  acid  by  washing  with  alcohol, 
and  then  dried  at  100°  (212^  F.).  It  is  a  white  pulverulent  substance,  of  the 
same  composition  as  arabin,  which  swells  up  in  water,  and  dissolves  on  heating  or 
on  the  addition  of  an  acid,  but  is  reprecipitated  by  alcohol  and  by  alkalies.  It 
is  not  converted  into  arabinose  by  the  action  of  acids,  but  on  warming  it  with  an 
alkali  it  is  gradually  dissolved  and  converted  into  a  substance  having  all  the 
properties  of  arabin,  amongst  others,  that  of  yielding  arabinose  when  acted  upon 
by  acids  (Reichardt). 

Grum  Arabic, — This  substance  is  the  dried  exudation  from  the  bark  of  various 
species  of  AcaciecB  growing  in  Arabia,  Egypt,  Senegambia,  &c.  The  appearance 
of  gum  is  too  well  known  to  need  description ;  it  dissolves  very  slowly  in  about  an 
equal  weight  of  water  at  ordinary  temperatures,  forming  a  thick,  glutinous,  slightly 
opalescent  liquid,  having  a  mawkish  taste :  it  is  a  colloid  substance,  diffusing  with 
extreme  slowness  through  parchment  paper,  and  organized  membranes.  Even 
the  most  carefully  selected  pieces  of  gum  arabic  yield  from  2' 7  to  4  per  cent,  of 
ash  on  incineration,  consisting  mainly  of  calcic  carbonate,  but  containing  also 
magnesic  and  potassic  carbonates ;  by  repeatedly  precipitating  a  solution  of  gum  in 
water  acidulated  with  hydrochloric  or  acetic  acid  with  alcohol,  it  may,  however,  be 
almost  entirely  deprived  of  mineral  matters.  According  to  Neubauer,  gum  thus 
purified  and  periectly  freed  from  acid  by  washing  with  alcohol,  is  a  milk-white 
amorphous  substance,  which  as  long  as  it  remains  moist  dissolves  easily  in  water, 
forming  a  distinctly  acid  solution,  having  the  power  of  liberating  carbonic  anhy- 
dride from  sodic  carbonate ;  the  solution  is  not  precipitated  by  pure  alcohol,  but 
the  addition  of  the  merest  trace  of  an  acid  or  of  a  salt  is  sufficient  to  determine 
the  separation  of  the  gum  ;  it  is  not  precipitated  by  normal  or  basic  plumbic 
acetate,  except  in  presence  of  ammonia.  Ailer  the  g^m  has  been  perfectly  dried, 
either  in  the  air  or  at  100°  (212°  F.),  it  is  no  longer  soluble,  even  in  hot  water, 
merely  swelling  up  in  it  to  a  gelatinous  mass,  but  if  baric,  calcic,  potassic  or 
sodic  hydrate  be  added,  it  gradually  dissolves,  forming  a  solution  which  is  indis- 
tinguishable from  ordinary  gum :  ordinary  gum,  in  fact,  apparently  consists  of 
calcic,  magnesic,  <&c.,  derivatives  of  the  substances  which  constitute  the  purified 


*  The  properties  of  arabin  are  so  totally  different  from  those  of  cane  sugar 
and  its  congeners  that  it  may  be  doubted  whether  this  formula  really  expresses 
its  composition ;  it  much  more  nearly  resembles  the  dextrins  in  its  properties. 
Scheibler  does  not  state  at  what  temperature  his  arabin  was  drieck^  i 
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gum.  Gum  may  alfto  be  purified  from  mineral  substances  by  submitting  a  con- 
centrated solution,  acidulated  with  about  5  per  cent,  of  hydrochloric  acid,  to  dialysis, 
stopping  the  process  when  the  whole  of  the  acid  has  passed  through  the  dialyser. 
According  to  Barfoed  {Joum,  fr.  Chem.  [2],  xi.  186),  the  conversion  of  the 
soluble  modification  of  purified  gum  into  the  insoluble  variety  depends  not  only 
upon  its  purity  and  stat«  of  dryness,  but  also  on  the  treatment  to  which  the  ordi- 
nary gum  employed  has  been  previously  submitted.  It  takes  place  more  readily 
when  the  gum  is  heated  in  the  dry  state  before  dissolving  it  in  water,  and  less 
readily  if  the  solution  of  gum  has  been  kept  for  a  considerable  time,  or  has  been 
warmed,  before  adding  acid  and  precipitating  with  alcohol  ,*  in  fact,  purified  gum 
prepared  from  a  solution  of  gum  arabic  which  has  been  kept  for  twenty-four 
hours  at  the  temperature  of  boiling  water  may  be  dried  at  100°  (212®  F.) 
without  becoming  insoluble,  but  is  converted  into  the  insoluble  modification  at 
higher  temperatures. 

When  oxidized  by  moderately  dilute  nitric  acid,  gum  arabic  yields  mucic  and 
saccharic  acids  and  oxidation  products  of  these  latter.  By  heating  it.  with  water 
and  bromine  at  100^  (212^  F.),  and  neutralizing  the  solution  with  argentic 
hydrate,  Ac,  Hlasiwetz  and  Barth  (Ann.  Chem,  Pharm,,  cxxii.  no)  obtained  an 
acid  having  the  same  composition  and  the  properties  of  the  acid  formed  in  a 
similar  manner  from  milk  sugar  (p.  611),  with  the  exception  that  its  rotatory 
power  was  slightly  greater. 

If  it  be  heated  with  twice  its  weight  of  acetic  anhydride  at  150^  (302°  F.), 
gum  arabic  does  not  dissolve,  but  is  converted  into  a  substance  which  after  wash- 
ing with  boiling  water,  and  then  with  alcohol,  forms  a  white  amorphous  powder, 
which  is  converted  by  alkalies  into  soluble  gnm;  it  has  the  composition 
C,Hg(C,H,0,),0,.  By  heating  at  180"*  (356°  F.)  with  a  greater  excess  of  the 
anhydride,  a  pentacetate,  CjjH„(C,H,Og)Oj,  having  similar  properties,  is  formed 
(Schiitzenberger,  ibid.,  clx.  80).  Although  gum  exhibits  marked  acid  characters, 
the  number  of  hydrogen  atoms  in  it  which  can  be  displaced  by  metals  is  very 
small ;  thus,  according  to  Neubauer,  the  calcium  derivative  formed  by  boiling  a 
solution  of  purified  gum  with  excess  of  calcic  hydrate,  and  precipitating  with 
alcohol,  when  dried  at  100°  (21 2**  F.),  has  the  composition  CaO(C,HjX)J^. 

Purified  gnm  arabic  dried  at  100°  (212'^  F.)  has  the  composition  C^H^jOj^, 
but  judging  from  its  properties,  it  is  not  improbable  that  it  is  incompletely  deprived 
of  the  water  of  hydration  at  this  temperature,  and  that  in  the  anhydrous  state 
its  composition  is  represented  by  the  formula  (C^H,jjOj)n.  It  is  undoubtedly  a 
mixture  of  several  carbohydrates.  According  to  Scheibler  {2}eut,  chem.  Oes, 
Ber.,  vi.  612),  it  yields  the  same  products  as  sugar  beetarabin  on  treatment  with 
sulphuric  acid,  but  the  various  kinds  furnish  different  amounts  of  arabinose,  and 
also  act  differently  on  the  polarized  ray  both  before  and  after  inversion.  The 
results  which  Scheibler  obtained  in  the  case  of  a  number  of  samples  of  commer- 
cial gum  arabic  are  exhibited  in  the  following  table : 


Percent. 

of 
ashes. 

Apparent 
sp.rot. 

After  inTerslon. 

Description. 

Apparent 
Bp.rot.power. 

Cupric  oxide, 

red.  power  of 

prod,  from 

xoopts. 

Gam  Arab.  Levantine  nat.    .     .     . 

„       „      Levantine  elect. .     .     . 

„       „      Sennary  elect.     .     .     . 

„       „      Sennary  in  granis  .     . 

„     Senegal  de  fleuve    .... 
Purified  gum  Arabic 

3-50 

3-50 
279 

324 

4/44 

••34 

-.9> 
-30  -o 

+  37''3 
+  46^-1 
-  28**-8 
+  42*'-4 

+  46''-i 

+  36°-9 
+  S4°-6 
+  73»-8 

+  83"5 
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A  relatively  much  larger  amount  of  arabinose  is  obtained  from  sugar  beet 
arabin  than  from  gum  arabic,  some  specimens  of  which  furnish  very  littb 
arabinose,  bat  a  large  quantity  of  a  syrupy  "  sugar ;"  it  has  not  yet  been 
shown,  however,  that  this  latter  is  the  same  whether  obtained  from  sugar  beet 
arabin  or  from  gum  arabic  arabin,  so  that  at  present  it  is  but  a  mere  guess  to 
say  that  the  various  arabins  are  mixtures  of  the  same  constituents  in  different 
proportions. 

To  prepare  arabinose,  arabin  or  gum  arabic  is  heated  with  dilute  sulphuric  acid 
for  2 — 3  hours  on  the  water  bath,  the  solution  is  then  neutralized  with  baric 
carbonate,  the  filtrate  evaporated  to  a  syrup,  and  mixed  with  2 — 3  vols,  of 
90  per  cent,  alcohol ;  the  alcohol  is  then  distilled  off  from  the  filtrate,  and  the 
residue  concentrated  to  a  syrup.  The  arabinose  gradually  crystallizes  from  this 
syrup,  and  is  purified  by  recrystallization ;  its  separation  may  be  facilitated  by 
the  addition  oi'  a  few  crystals  of  arabinose. 

Cherry  tree  and  Bassora  gum,  and  gum  tragacanth,  which  are  only  partially 
soluble  in  water,  are  apparentiy  mixtures  of  bodies  either  identical  with,  or  very 
closely  allied  to,  the  soluble  and  insoluble  modifications  of  gum  in  the  so-called 
arabin 'and  metarabin,  but  very  little  is  known  of  their  chemical  behaviour 
(comp.  Giraud,  Compt,  Send,  Ixxx.  477).  Gum  tragacanth  is  the  exudation  from 
the  stem  of  several  species  of  Astragahu  ;  according  to  Yon  Mohl  and  Wigand's 
investigations,  it  is  not  simply  the  dried  juice  of  the  plant,  but  is  produced  by  a 
metamorphosis  of  the  cellular  tissue,  and  hence  there  can  be  littie  doubt  of  its 
close  genetic  relation  to  cellulose. 

Pectous  Substances. — This  name  has  been  given  to  a  number  of  amorphons 
uncrystallizable  substances  extracted  from  plant  tissues  by  boiling  with  water,  or 
with  dilute  acids  or  alkalies ;  but  in  all  probability  the  bodies  which  have  long 
been  known  by  this  name,  and  to  which  Fremy  in  1848  assigned 
formulas  which  represent  them  as  containing  relatively  much  less  hydrogen  than 
the  carbohydrates,  judging  from  the  manner  in  which  they  have  been  prepared 
and  from  the  descriptions  given  of  their  properties,  are  in  reality  carbohydrates, 
and  identical  with  the  substances  previou^y  described  as  parabin,  metarabin,  and 
arabin. 

Vegetable  Mucilage, — At  present  little  is  known  of  the  substances  present 
in  such  large  quantities  in  many  seeds,  such  as  linseed  and  quince-seed,  in  the 
roots  of  the  marshmallow,  in  the  tubers  of  various  species  of  Orchis,  Sui,,  which 
swell  up  with  water  to  a  thick  mucilage.  Purified  linseed  mucilage  apparently 
has  the  empirical  composition  C^H^^O^ ;  on  boiling  it  with  dilute  sulphuric  acid, 
a  body  capable  of  reducing  Fehling's  solution,  and  a  gpim-like  substance  are  pro- 
duced (Kirohner  and  ToUens,  Ann,  Chem.  Pharm,,  clxxv.  205).  Quince-seed 
mucilage  also  yields  these  substances  when  boiled  with  sulphuric  acid,  bat 
together  with  a  considerable  quantity  of  cellulose ;  Eirchner  and  Tollens  regard 
this  latter  as  a  distinct  product  of  the  action  of  the  acid,  and  not  as  a  mere 
mechanical  impurity  (comp.  Sachsse,  op,  cit,). 


Constitution  of  the  Carbohydrates. 

(1578)  It  will  be  evident  from  the  foregoing  description  of 
the  yarious  carbohydrates  that  ou;*  knowledge  of  most  of  them 
is  extremely  imperfect ;  nevertheless,  sufficient  has  already  been 
learnt  to  enable  us  with  much  probability  to  predicate  the 
probable  character  of  the  relations  which  obtain  between  the 
more  important  members  of  the»group. 
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Judging  from  their  properties,  it  appears  in  the  highest  degree  probable  that 
all  the  carbohydrates,  with  the  exception  of  the  jcluooses,  contain  a  greater 
namber  of  carbon  atoms  in  their  molecales  than  these  latter ;  there  can  be  no  doubt 
moreover,  that  if  the  molecular  composition  of  the  glucoses  be  represented  bj  the 
formula  C^H^^O^,  that  of  the  higher  carbohydrates,  as  we  may  tenn  the  members 
of  the  CjjH^Ojj  and  (C^H^j^OJn  groups,  must  be  expressed  by  formula  contain- 
ing some  simple  whole  multiple  of  six  atoms  of  carbon. 

The  conclusion  that  the  molecular  composition  of  the  glucoses  is  expressed  by 
the  formula  C^R^fi^  necessarily  follows  from  their  relation  to  the  hexhydric 
alcohols  mannitol  and  dulcitol,*  which  are  derived  from  the*  paraffin — normal 
hexane  (1546),  C^H^^.  The  conversion  of  the  glucoses  into  these  alcohols,  how- 
ever, also  serves  to  prove  that  the  six  atoms  of  carbon  in  the  former  must  be 
regarded  as  being  in  direct  association  with  each  other :  while,  on  the  other  hand, 
from  the  extreme  readiness  with  which  the  higher  carbohydrates  are  ultimately 
converted  into  glucoses  by  mere  hydration,  it  must  be  supposed  that  the  several 
C^  groups  which  enter  into  their  composition  are  but  indirectly  associated 
togetiier  by  means  of  oxygen,  after  the  manner  of  the  hydrocarbon  radicles  in 
ordinary  ether  for  example,  C,H2.0.C2H,.  ^ 

There  is  little,  if  any,  positive  evidence  as  to  the  number  of  C^  groups  which 
are  thus  assodated  together  in  the  various  higher  carbohydrates.  The  simplest 
and  apparently  most  probable  hypothesis  in  the  case  of  the  saocharons  or  carbo* 
hydrates  similar  in  composition  to  cane  sugar  is  that  they  are  formed  from  two 
molecules  of  glucose  by  the  withdrawal  of  the  elements  of  a  single  molecule  of 
water,  and  that  therefore  the  formula  C^^H^O^^  does  not  merely  express  their 
empurical,  but  also  their  molecular,  composition  :  the  formulsB  pt  the  two  classes  of 
compounds  would  on  this  view  be  as  follows :  *     I ' 


C.H..O. 

GIOOOM8. 


C.H..O,lo 
C.H„Oj 

Baooharons. 


*  Miintz  and  Aubin  (Compt,  Bend.,  Ixxxiii.  12 13)  have  recently  established 
the  identity  of  the  mannitols  obtained  by  the  action  of  nascent  hydrogen  on,  (a)  the 
optically  inactive  glucose  prepared  by  heating  cane  sugar  with  a  small  quantity 
of  water  at  160^(320^  F.),  (h)  the  mixture  of  lievulose  and  dextrose  formed  on 
inversion  of  cane  sagar  by  acids,  (c)  sucrodextrose,  {d)  sucrolsevulose,  and  (0) 
leevoglucose  from  inulin.  The  method  they  adopted  is  founded  on  the  fact  that 
although  mannitol  alone  is  almost  without  action  on  polarized  light,  many  of  its 
derivatives  exhibit  considerable  optical  activity.  The  deviation  (in  scale  divisions) 
caused,  i.  by  an  aqueous  solution  contaihing  10  grams  of  mannitol  alone  in 
100  CO.,  2.  by  a  solution  containing  the  same  amount  of  mannitol  plus  12-8 
grams  of  borax,  3.  by  a  solution  containing  8  grams  of  mannitol  and  8  grams 
of  sodic  hydrate  in  100  cc.,  and  4.  by  a  solution  of  3  grams  of  the  hexnitnite  in 
100  cc.  of  anhydrous  alcohol,  were  as  follows : 


Mannitol 
alone. 

Mannitol 

Mannitol 
andNaOH. 

Mannitol 
hexnitrato. 

Mannitol  from  inective  glucose     •     •     • 
„         „      invert  sugar     .... 
„         „      pure  sucrodextrose      .     . 
„         „      pure  sucrolsevulose      .     . 
„         „      inulin  glucose  .... 

—  0*2 

—  0'2 
-O-I 

—  o*i 

-CO 

+  231 

+  22-0 
+  23-0 
+  21*6 
+  22'0 

-37 
-3'S 
-34 
-3*2 
-3-2 

+  127 
+  127 
+  12-3 
+  12-5 

+  12-3 

Digitized  by  VjOOQ IC 


656  CARBOHYDKATES.  [^57  8- 

We  may  here  call  attention  to  the  fact  that  all  the  carbohydrates  whose 
composition  has  been  definitely  ascertained  to  be  that  expressed  by  the  formula 
C^^Hj^H  are  very  soluble  crystalline  substances,  which  readily  difilise  through 
colloid  septa,  and  it  is  a  question  as  to  whether  these  properties  may  not  be  con- 
sidered to  be  characteristic  of  all  carbohydrates  having  the  same  molecular  com- 
position as  cane  sugar.  It  is  true  that  the  formula  C^^^^^^i  ^^  ^®^^  assigned 
to  two  bodies,  which,  although  very  soluble  in  water,  are  amorphous,  and  belong 
to  the  class  of  colloid  substances — viz.,  synanthrose  and  arabin,  and  also  to  cellu- 
lose, which  is  an  amorphous  insoluble  substance :  but  these  compounds  have 
been  very  insufficiently  studied,  so  that  it  is  by  no  means  unlikely  that  they 
may  prove  to  be  carbohydrates  of  the  composition  (CgH^^OgJn,  all  of  which 
appear  to  be  colloid  substances.  But  even  if  the  empirical  composition  of  the 
two  first  mentioned  be  correctly*  represented  by  the  formula  C^H^^O^,,  they  are 
probably  bodies  of  higher  molecular  weight  than  cane  sugar. 

The  carbohydrates  of  which  amylin  (dextrin)  is  the  type,  certainly  contain 
as  many  carbon  atoms  in  their  molecules  as  the  saccharons,  since  amylin, 
(CgHjQOg)n,  is  converted  into  amylon,  C,jH„Ojj,  by  mere  hydration ;  but  the 
fact  that  the  saccharons  are  crystalline,  highly  diffusible  substances,  whereas 
amylin  is  an  amorphous  colloid  body,  favours  the  assumption  that  the  molecule 
of  an^Iin  is  more  complex,  and  that  it  contains  at  least  twice  as  many  carbon 
atoms  as  that  of  amylon.  According  as  amylin  is  regarded  as  derived  from 
a  single  molecule,  or  from  two  molecules,  of  amylon,  it  may  be  represented  by 
either  of  the  following  formube  : 

°  I  C.H.A  r  °  t  C.H„O..O.C.H.A  ]  ^ 

From  the  results  obtained  by  O'Sullivan,  there  can  be  but  little  doubt  that 
starch  has  a  very  high  molecular  weight,  and  judging  from  the  proportions  in 
which  amylon  and  amylin  are  formed  by  the  action  of  malt  extract  at  different 
temperatures,  the  most  probable  assumption  would  appear  to  be  that  it  contains 
either  72  or  144  atoms  of  carbon  in  its  molecule,  according  as  we  regard  amylin 
as  CjgHj^Hj^  or  C^^H^^.  On  the  former  assumption,  its  decomposition  at 
temperatures  below  63  ,  between  64°  and  68° — 70°,  and  above  68° — 70'  C,  is 
represented  by  the  following  equations  : 


C„H.^O„   +   4OH, 

=     4C..H..O.,   + 

»C„H„0„. 

C«HmO«   +    2OH, 

=     «C..H„0„   + 

4C„H„0„. 

C„H.„0„   +      OH. 

=       C..H„0„   + 

SC.,H..O„. 

the  latter  assumption  we  have  the  following 

: 

C,«H^O^  +  80H. 

=    8C„H„0„  + 

2C„H„0^. 

C.„H,„0^  +  4OH. 

=     4C„H„0„   + 

4C„H„0.^ 

C^u^ufii^  +   2OH, 

=     2C..H„0.,  + 

SC„H„0... 

There  is  no  evidence  by  which  we  can  form  an  estimate  of  the  molecular 
weight  of  the  remaining  carbohydrates  of  the  same  empirical  composition  as 
starch ;  from  their  physical  properties  and  behaviour  under  various  circumstances, 
however,  it  would  appear  probable  that  glycogen  and  inulin  are  bodies  of  lower, 
and  cellulose  a  body  of  higher,  molecular  weight  than  starch. 

It  now  remains  to  consider  the  "  constitution"  of  the  glucoses  or  carbo- 
hydrates of  the  composition  C^Hj^O,.  From  their  general  behaviour  thei«  can 
be  no  doubt  that  they  are  closely  related  to  the  hexhydric  alcohols  dulcitol  and 
mannitol,  into  which  several  have  already  been  converted  by  the  action  of  nascent 
hydrogen ;  it  will  be  remembered  that  we  have  pointed  out  that  thc^e  two 
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alcohols  are  both  represented  by  the  same  formula  (p.  559).  The  converftion  of 
Bucrodextrose  into  the  compound  CgHyClO(C,H30j)^  by  the  action  of  acetic  chloride, 
and  the  formation  from  the  latter  of  the  compound  C,HyO(NO,)(C,H,0,)^  by 
the  action  of  nitric  acid  (p.  580),  indicates  that  it  must  be  regarded  as  a  penta* 
hydroxyl  derivative ;  and  the  oonyersion  of  cane  and  milk  sugar  into  octacetates 
(pp.  600, 6 10)  by  the  action  of  acetic  anhydride  serves  in  a  similar  manner  to  prove 
that  sucrolffivulose  and  the  dextrogluooses  furnished  by  milk  sugar  on  inversion 
are  also  pentahydroxyl  derivatives.  The  only  formulae,  however,  which  can  be 
assigned  to  a  body  convertible  like  sucrodextrose  into  mannitol  (or  dulcitol)  by 
the  addition  to  it  of  two  atoms  of  hydrogen,  and  containing ^&e  hydroxyl  groups, 
are  the  following : 


CH,.OH 

CH,.OH 

CH,.OH 

CH.OH 

CH.OH 

CH.OH 

CH.OH 

CH.OH 

CH.OH 

CH.OH  • 

CO 

CH.OH 

CH.OH 

CH.OH 

CH.OH 

COH 

CH,.OH 

CH.OH 

I. 

II. 

MuiQitol  and  Daldtol. 

But,  inasmuch  as  there  are  certainly  more  than  two  glucoses  similar  in  constitution 
to  sucrodextrose,  we  are  forced  to  the  conclusion  that  the  hypothesis  hitherto 
adopted  in  explanation  of  isomerism  is  insufficient,  not  only  in  the  case,  of  the 
alcohols  mannitol  and  dulcitol,  but  also  in  the  case  of  the  closely  related  glucoses. 
We  shall  have  occasion  again  to  discuss  their  constitution  later  on. 

The  first  of  the  above  formulsB  represents  the  glucoses  as  in  part  aldehyde 
and  in  part  alcohol,  whilst  according  to  the  second,  they  are  in  part  ketone  and 
in  part  alcohol,  the  group  COH  (formyl)  being  that  which  is  cbaraeteristic  of 
all  aldehydes,  and  the  group  CO  (carbonyl)  that  which  is  characteristic  of  the 
ketones.  The  first  formula  is  that  which  is  generally  assigned  to  sucrodextrose 
and  its  congeners,  and  on  the  whole  is  more  in  accordance  with  the  behaviour  of 
the  glucoses  than  the  second ;  but  too  little  is  known  at  present  of  the  glucoses 
for  us  to  state  that  all  must  be  represented  by  it ;  and  even  supposing  that  they  are 
all  pentahydric  derivatives  of  normal  hexane,  which  is  by  no  means  an  esta- 
blished fact,  although  it  is  probable  that  the  majority  are,  it  is  quite  possible  that 
the  one  formula  is  applicable  to  some  of  them,  and  that  the  other  is  applicable  to 
the  remainder. 

Inasmuch  as  cane  and  milk  sugar  furnish  octacetates  when  submitted  to  the 
action  of  acetic  anhydride  in  excess,  it  would  appear  that  the  formation  of  the 
saccharons  from  the  ^lacoses  is  the  result  of  the  withdrawal  of  the  elements  of  a 
molecule  of  water  from  two  molecules  of  glucose  in  such  a  manner  that  each 
molecule  of  glucose  has  one  of  its  hydroxyl  groups  removed;  the  relation  of  the 
saccharons  to  the  glucoses,  supposing  the  latter  to  be  aldehydic  compounds,  may 
therefore  be  expressed  by  the  following  formul» : 

CHfOH^  COH  0  /  ^»^«^^^^**^^^ 

S^.l^^i.-^^^  ^  ^  C,H.(OH)^.COH 

Glaootie.  Saccharon. 

A  very  large  number  of  inomeric  saccharons  would  appear  to  be  possible,  for  it  is 

conceivable  that  the  same  two  glucoses  may  give  rise  to  a  variety  of  saccharons ; 

but  this  question  cannot  at  present  be  usefully  discussed.     The  great  difierence 

in  the  behaviour  of  the  glacoses  and  of  the  saccharons,  especially  cane  sugar, 

with  Fehling's  solution,  seeitis  to  afford  an  argument  against  the  conclusion 

that  the  saccharons  are  also  aldehydic  compounds  as  indicated  by  the  above 

formula;    it  must  be  remembered,  however,  that  we  have  no  knowledge  of 
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the  manner  in  which  Fehling's  Bolaiion  acts  as  an  oxidizing  agent,  for  it  is  not 
improbable  that  its  action  is  quite  different  from  that  of  ordinary  ozidizmg 
agents.  Thus,  the  separation  of  caproos  oxide  may  be  the  result  of  the  decom- 
position of  a  cupric  derivative  of  the  carbohydrate,  and  may  not  be  caused  by  the 
simple  withdrawal  of  oxygen  by  the  carbohydrate  from  the  cupric  salt  employed. 
The  carbohydrates  of  the  composition  (C^H^PJq  appear  to  contain  three 
hydroxy!  groups  for  each  six  atoms  of  carbon,  since  they  all  furnish  triacetates 
on  treatment  with  acetic  anhydride.  This  fact  is  of  considerable  importance,  as 
it  enables  us  to  form  an  idea  as  to  the  manner  in  which  the  several  C^  groups  of 
which  they  are  composed  are  'held  together.'  The  most  probabb  formula 
which  can  be  assigned  to  amylin  (dextrin)  is  the  following : 

"  t  C.P.(C0H)(OH),.0.C,H.(C0H)(OH).  /  " ' 
that  is  to  say,  it  may  be  regarded  as  formed  from  two  molecules  of  a  saccharon,  in 
the  same  way  that  the  latter  is  formed  from  two  molecules  of  a  glucose.  The 
formyl  groups  of  the  glucose  molecules  from  which  it  is  primarily  derived  are  repre- 
senteid  as  being  still  intact,  but  in  the  case  of  the  higher  members  of  the  group  it 
is  not  unlikely  that  the  formyl  groups  also  undergo  a  modification  similar  to  that 
which  we  are  led  to  suppose  takes  place  in  the  conversion  of  aldehydes, — such  an 
acetic  aldehyde, — into  polymerides,  the  nature  of  which  will  be  understood  on 
reference  to  the  formula  of  acetic  aldehyde  and  of  its  polymeride,  paraldehyde : 

CBL  CH, 

I  I 

CH  —  0  —  CH 

COH  \/ 

CH 
I 

CH 
Aoctfa>sldeh7ds.  Pusld«£jde. 

Starch  maybe  regarded  as  resulting  in  this  manner  from  the  association  of  several 
amylin  molecules,  and  supposing  it  to  have  the  composition  Cj^H^Oj^  the  follow- 
ing formula  is  that  which  is  most  in  accordance  with  its  general  behaviour : 


"tc.H,0(OH).) 

)J.O.C.H,C 


<^lc.H.(OH). 0.C.H,0M.r 


CH— D 


C.H,0(OH)a 
-,0(OH).r 


).)jO.C.H,C 

orc.H,o(OH),j 
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In  this  fonnula  thd  letter  D  represents  a  moleoale  of  amylin  (dextrin)  minus  one 
ofitsCOHgroaps. 

Nom&nclaiure, — Hitherto  names  have  been  assigned  to  the  carbohydrates  in 
so  arbitrary  a  manner  that  they  do  not  afford  the  slightest  indication  either  of 
the  composition,  or  of  the  position  in  the  group,  of  the  bodies  to  which  they 
refer.  But  if,  as  in  the  case  of  other  groups  of  compounds,  a  certain  termination 
be  restricted  to  a  certain  class  of  carbohydrates,  the  name  will  then  afford  con- 
siderable information  with  regard  to  the  compound  which  it  designates.  Thus 
it  would  appear  desirable  to  restrict  the  termination  ose  exclosively  to  the 
glucoses  or  carbohydrates  of  the  composition  O^H^^O^ ;  the  termination  on  may 
conveniently  be  employed  for  the  saccharons  or  carbohydrates  of  the  composition 
CjjH^Ojj,  which,  like  cane  sugar,  furnish  two  molecules  of  glucose  on  inversion ; 
bodies  which,  like  amylin,  famish  a  saccharon  on  hydration  may  be  distinguished 
by  the  termination  in;  and  terminations  such  as  en  and  an,  &c.,  might  be 
employed  for  the  still  more  complex  carbohydrates,  such  as  starch,  cellulose,  Ac, 
The  employment  of  the  vowels  in  their  natural  order  would  thu3  serve  to  indicate 
the  position  of  the  carbohydrate  in  the  series ;  but  on  account  of  our  imperfect 
acquaintance  with  the  composition  of  these  bodies,  it  is  obviously  desirable  to 
postpone,  for  the  present^  the  systematization  of  their  names. 

§  XIY.  The  Thio-alcohols  ok  Mekcaptans. 

(1578)  These  compounds  bear  the  same  relation  to  the  alcohols  that  the 
metallic  hydroxides  or  hydrates  bear  to  the  metallic  hydrothionides  or  solphy- 
drates ;  and  just  as  the  alcohols  may  be  regarded  as  derived  from  water,  so  the 
thioaloohols  may  be  regarded  as  derived  from  hydrogen  sulphide : 


H.OH 

aH,.OH 

H.SH 

r',H,.SH 

Water. 

Ethylio  aloohoL 

Thio-ethjlioal«ohoL 

The  foUowing  are 

known : 

Thioalcohols  of  the  Cja^  +  ^.SH  Beries, 

Fomrals. 

M.P.°C.    B.P.OC. 

-  Thiomethylic  akx>hol  .... 

HS.CH, 

liquid        21^ 

Thioethylic 

t» 

HS.C,H. 

.,         3«' 

Thiopropylio 

9* 

HS.CH,.CH,.CH, 

„    ej'-es' 

Thioisopropytic 

tf 

HS.CHiCHJ, 

..      S7'-6o* 

Thiobutylic 

9t 

HS.CH,.CH,.CH,.CH,     „      97^-98' 

Thioisobutylio 

f> 

HaCH,CH(CHJ, 

88» 

Thioamylie 

»»              * 

HS,C.H„ 

„    about  130° 

Thioalcohols  qfthe  C.Hi^.j.SH  Series, 

Thioallylio  alcohol      ....     HS.CH,.CH—CH,  liquid      about  90** 

TkioaUohols  qf  the  Q^Yi^^^MR  and  CJL^.^^U  Series. 

Thiophenol .     . 
Thiobenzylic  alcohol 
Thioparacresol  • 
Thiometacresol 
Thioorthocresol 
Thiocarvacrol    • 
Thiothyinol 
Thio-a-naphthol 
Thio-/3-naphthol 


H8.C,H, 
HS.CH,.C.H. 

>  HS.aH.  /  ^^i 


'IC,H, 


liquid 

43' 

173-5 

19s 
188° 

liquid 

liquid 
1) 

i88* 
336° 
a34' 

w  u.  2 


I  136' 
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ThioalcohoUqftKe  CnH,„(SH),  and  CnH3„.8(SH),  Series. 

FoTmala.  M.P."C.       B.  P.  *  C. 

Thioglycol C,H^(SH),  liquid  — 

Thioresorcinol I  n  it  /gtt\  /    ^^°  ^45° 

Thioquinol |  S"4(^^).  )    98*  — 

Thioalcohols  of  the  CnHjn_i(SH),  Series. 

Thiogljrcerol C,H,(SH),  liquid  — 

Preparation, —  i .  By  heating  together  the  haloid  derivatives  of  hydrocarbons 
and  potaKsic  sulphydrate  in  alcoholic  solution ;  thus : 

C,H  CI    +    KSH    =   C  H^.SH   +   KCl. 

Etliylic  chloride.  Thioetbylio  Alcohol. 

C,H,Br,    +    2KSH    =    C,H,(SH),   +    2KCI. 
Ethylenic  bromide.  Thiogljcol. 

This  method,  however,  is  not  available  for  the  preparation  of  the  thioalcohols 
corresponding  to  the  phenols.  Moreover,  it  has  the  objection  that  the  product 
is  always  more  or  less  contaminated  with  the  corresponding  thioether,  the  forma- 
tion of  which  is  explained  by  the  following  equations : 

C,H,.SH   +    KSH   =   C,H,.SK   +   SH,; 
C,H,.SK  +    C,H,Cl  =    (C,HJ,S   +    KCi. 

2.  By  distilling  a  concentrated  solution  of  potassic  sulphydrate  with  the  saltii 
formed  by  neutralizing  the  acid  ethereal  sulphates  with  calcic,  potassic  or  sodic 
ciirbonate : 

CH.KSO    +    KHS   =   C,H  SH   +   K,SO^. 

Potasalc  ethylio  sulphate.  Thioethylic  alcohol. 

3.  By  distilling  the  alcohols  with  phosphoric  pentasulphide.  According  to 
Carius's  researches,  however,  the  formation  of  thioalcohols  in  this  manner  is  not 
the  result  of  the  direct  displacement  of  the  oxygen  of  the  alcoliol  by  sulphur, 
but  is  a  consequence  of  the  decomposition  of  one  of  the  products  of  the  action  of 
the  pentasulphide  on  the  alcohol,  which  takes  place  in  accordance  with  the 
equation : 

5R'.0H   +   P,S,  =   2SH,   +   PSO.R'^H   4    PS^O^R',. 

4.  By  the  action  of  nascent  hydrogen  (zinc  and  sulphuric  or  hydrochloric  acid) 
on  the  acid  chlorides  derived  from  the  sul phonic  acids;  this  method  has  hitherto 
been  employed  only  for  the  preparation  of  thioalcohoU  corresponding  to  the 
phenols,  naphthols,  and  orcinols : 

C,H^.S(XCI   +    611   =   C.H^.SH    -f    HCl   +   2OH,. 

llenzeneciul  phonic  chloride.  ThiophenoL 

A  portion  of  the  chloride  is  liable,  if  the  temperature  rise  to  loo**  (212'  F.),  to 
undergo  conversion  into  the  sulphonio  acid  by  the  action  of  the  water,  and  thus 
to  escape  reduction,  as  nascent  hydrogen  is  without  action,  on  the  sulphonio  acids ; 
this  loss  may  be  avoided,  according  to  Schiller  and  Otto  {Deut  chem.  Gee, 
Ber.  ix.  1587),  by  first  converting  the  sulpho-chloride,  R'.SO^Cl,  into  the  sul- 
phinicacid  (q.  v.),  R.SO3H,  and  submitting  this  latter,  or  one  of  its  salts,  to  the 
action  of  nascent  hydrogen. 

Praperlies. — The  thioalcohols  are  mostly  colourless  or  yellow  liquids  of 
<»xtremel.Y  unpleasant  odour,  almost  insoluble  in  water.  Those  corresponding  to 
the  monohydric  alcohols  are  bodies  of  considerable  stability,  distilling  without 
undergoing  any  decomposition,  but  the  stability  diminishes  as  the  number 
of  SH  groups  increases.  They  furnish  metallic  derivatives  with  much  greater 
readiness  than  the  alcohols,  the  hydrogen  of  the  SH  group  being  displaceable  not 
only  by  the  more  positive  metals,  but  also  by  the  less  positive  metals — especiaUy 
by  those  which  are  precipitated  as  sulphides  from  acid  solutiousTof  their  salts  bj 
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salphoretted  hydrogea.  Thus,  on  shaking  their  alcoholic  solations  with  mercuric 
oxide  the  corresponding  mercurj  derivative  is  formed  with  considerable  develop- 
ment of  heat,  usually  separating  in  the  crystalline  state ;  for  example : 

2C,H,.SH   +   HgO   =   (C,H,.S),Hg  +   OH,. 
If  the  undiluted  thioalcohol  be  employed,  the  action  is  extremely  violent  owing 
to  the  heat  developed.     On  this  account,  the  thioalcohols  have  been   termed 
mercaptatu  (from  msrcurio  opium),  and  their  metallic  derivatives  are  often 
spoken  of  as  mercaptides. 

On  mixing  their  alcoholic  solutions  with  an  alcoholic  solution  of  mercuric 
chloride,  many  of  the  thioalcohols  furnish  difficultly  soluble  precipitates  of  com- 
pounds formed  by  the  displacement  of  the  hydrogen  of  the  SH  jg'roup  by  the 
group  (HgCl).  thioethylio  alcohol,  for  example,  yielding  a  precipitate  of  the 
composition  C,H,.S(HgCl). 

These  metallic  derivatives  of  the  thioalcohols  are  mostly  stable  in  presence 
of  water ;  many  of  them  are  more  or  less  readily  dissolved  by  hot  alcohol,  from 
which  they  separate  in  crystals  on  cooling. 

The  thioalcohols  are  also  distinguished  from  the  alcohols  by  their  behaviour 
on  oxidation  with  nitric  acid,  whereby  they  are  finally  converted  into  sulphoaic 
acids;  thus: 

C,H  .SH   +    30=    CH,SO,H. 
Tbloethjlic  alcohol.  Ethyliolphonic  acid. 

(1579)  Thiobthylic  ALCOHOL;  Hthylic  sulphydrate  or  Mercaptan : 
CjH^.SH. — ^This  compound  may  readily  be  prepared  by  the  fiist  and  second  of 
the  methods  above  described.  It  is  a  colourless,  very  mobile,  iuilammable 
liquid,  having  a  most  offensive  alliaceous  odour,  of  the  sp.  gr.  '8325  at  21** 
(69®*8  P.) ;  it  boils  at  36°  (96^*8  F.).  It  is  neutral  to  vegetable  colours,  very 
sparingly  soluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether. 

The  potassium  and  sodium  derivatives,  which  may  be  obtained  in  the  pure 
state  by  the  action  of  the  metals  on  the  mercaptan,  dissolve  readily  in  water, 
forming  alkaline  solutions  in  consequence  of  their  partial  decomposition,  and 
they  are  also  decomposed  by  boiling  with  alcohol  (Claesson,  Joum,  pr.  Chem. 
[2J,  XT.  193).  The  metallic  derivatives  containing  the  less  positive  metals 
are  sparingly  soluble  in  water,  and  are  far  more  stable  bodies.  The  mercury 
derivative  (C,H,.S),Hg,  crystallizes  in  white  lustrous  scales,  which  melt  at  86*^ 
( 1 86^**8  F.).  It  is  not  decomposed  by  an  aqueous  solution  of  potassic  hydrate,  nor 
by  dilute  hydrochloric  acid,  the  latter  of  which  dissolves  it  slowly  at  the  boiling  tem- 
perature and  deposits  it  again  on  cooling;  it  is  decomposed,  however,  by  sulphuretted 
hydrogen  in  accordance  with  the  equation :  (CjH^.S),Hg  +  H,S  =  2CgH^.SH  +  HgS. 

When  boiled  with  moderately  strong  nitric  acid,  thioethylic  alcohol  is 
ultimately  converted  into  ethylsuphonio  acid,  C,H^.SO,H.  According  to  Friedel 
and  Ladenburg  (Ann.  Chem,  Pharm.  cxlv.  189),  bromine  decomposes  it  in  the 
mannerrepresented  by  the  equation:  2C,H  .SH  +  3Br,  =  2C,H^Br  +  S,Br,  +  2HBr. 
By  heating  with  sulphur  to  150^  (302  F.),  it  is  converted  into  the  disulphide 
(Muller,  Jdwm,  pr.  Chem,  [2],  iv.  39) :  2C,H..8H  +  S  =  (C,H,),S,  +  H,S. 

Potassium  and  sodium  mercaptides  are  powerful  reducing  agents,  and  readily 
absorb  oxygen ;  in  the  presence  of  water  or  alcohol  they  are  thus  converted  into 
the  disulpbide  (C,H^,8,,  but  if  exposed  to  air  in  the  dry  state  they  furnish 
corresponding  salts  of  ethylsulphinic  acid,  C,Hg.SO,H  (Claesson). 

The  thioalcohols  homologous  with  thioethylic  alcohol  have  been  very  im- 
perfectly investigated.  Thwmethylic  alcohol  has  been  described  by  Gregory 
(Ann.  Chem.  Pharm.  xy.  239) ;  its  mercury  derivative  crystallizes  in  shining 
laminte,  which  melt  above  100^  (212**  F).  Thiopropylic  alcohol  has  been  in- 
yestigated  by  Romer  (Deut.  chem.  Oes.  Ber.  vi.  786);  its  mercury  derivative 
melts  at  68®  (i54***4  F.).     The  isomeric  thioisopropylic  alcohol  hw  ^"Hte'Qlc 
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scribed  by  Glaus  (ibid.  v.  659 ;  viii.  532);  it  is  converted  into  isopropylsnlpbonio 
acid  by  oxidation  with  nitric  acid,  bat  on  oxidation  with  chromic  acid  it  yields  a 
body  which  is  apparently  identical  with  the  duplotkioacetone,  C^H^A,  obtained 
by  the  action  of  tr i sulphide  of  phosphorus  on  acetone.  Tkiohutylie  alcohol  (Ann. 
Chem.  Pharm,  olxxi.  251  ;  clxxv.  351),  thioisohutylic  alcohol  corresponding 
to  isoprimary  butylic  alcohol  (ibid.,  xcv.  256),  and  a  mixture  of  the  two 
tkioamyliv  alcohols  corresponding  to  the  two  I'ermentation  amylic  alcohols,  are 
the  only  other  thioaloohols  of  the  CnH,n  +  j.8H  series  hitherto  prepared. 

Thioallylic  alcohol,  according  to  Uofmann  and  Cahours,  dosely  resembles 
the  thioalcohols  of  the  Cjfi^^  4.  ^.SH  series  in  its  properties. 

(1580)  Thiophenol;  Fkenylic  sulphydrate  or  Fhenylmercaptan : 
CjHj.SH. — This  compound  is  best  prepared  from  benzenesulphonic  chloride  by 
Schiller  and  Otto's  method  (p.  660).  It  is  obtained  also  in  considerable  quantity 
as  one  of  the  products  of  the  destractive  distillation  of  sodic  benxenesulphonate, 
C.H,.SO,Na  (Stenhoune,  B.  Sac.  Proc.  xvii.  62),  and  by  the  action  of  phoephorua 
sulphide  on  phenol.  Thiophenol  is  a  colourless,  highly  refractive  liquid,  having 
an  aromatic,  somewhat  alliaceous,  but  by  no  means  offensive  odour,  if  pure ;  it  boils 
at  i72*'-5  (34i*'*6  P.)  (Stenhouse).  It  readily  furnishes  metallic  derivatives ;  the 
mercury  derivative  cryBtallizes  from  alcohol  in  white  needles. 

Thiophenol  is  especially  characterized  by  the  readiness  with  which  it  nnder^ 
goes  conversion  into  the  disulphide  (C^HJ^,.  This  change  even  takes  place 
when  it  is  exposed  to  the  air  in  imperfectly  closed  vessels  (Stenhouse) ;  also 
when  it  is  gently  heated  with  nitric  acid  of  sp.  gr.  i'2,  when  its  solution  in 
alcoholic  ammonia  is  allowed  to  evaporate  spontaneously  (Vogt),  or  when  its 
copper  derivate  is  exposed  to  the  air  in  a  moist  state  (Stenhouse) ;  when  it  is 
submitted  to  the  action  of  sulphuric  aoid  (Stenhouse),  or  of  sulphuric  anhydride 
(Schiller  and  Otto) ;  and  when  its  sodium  derivative  is  acted  upon  by  iodine,  or 
chloride  or  iodide  of  cyanogen  (Hiibner  and  Alsbcrg ;  Clemm ;  Henry).  The 
disulphide  is  also  produced  on  heating  a  mixture  of  thiophenol  and  benzenesnU 
phinic  acid  at  100°  (212^  F.)  (Schiller  and  Otto,  DetU.  ehem,  Gres,  Ber.  ix. 
1 588) :  3C.H^SH  +  C,H,.SO,H  =  2(C,H J,S,  +  20H^ 

Partibromothiophenol,  C^n^Br.SH,  obtained  by  reducing  parabromobenzene- 
solphonic  chloride,  crystallizes  in  naphthalene-like  plates,  which  melt  at 
75^  (167^  F.) ;  on  exposure  to  the  air  it  slowly  oxidizes  and  is  converted  into  the 
sulphide  (C^H^Br),S,  (Utibner  and  Alsberg,  Ann.  Chem,  Pharm.  clvi.  327). 

(1581)  Thiobbnzylic  alcohol  or  Benzylic  sulphydrate:  C,H^.CH,.SH, 
obtained  by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potassic 
Hulphydrate,  is  a  colourless  strongly  refractive  liquid,  which  greatly  irritates  the 
eyes,  and  has  a  most  unpleasant  alliaceous  odour;  it  boils  at  194^ — 195^ 
(381^*2 — 383''  F.).     Its  mercuric  derivative  crystallizes  from  alcohol  in  long 

.  needles.  It  rapidly  oxidizes  on  exposure  to  the  air,  being  converted  into  the 
disulphide  (C,HyCH,)gS,,  which  is  also  formed  from  it  on  adding  bromine  to  its 
ethereal  solution  (Marcker,  ibid,  cxxxvi.  75  ;  cxl.  86). 

The  remaining  thiophenols  closely  resemble  thiophenol  itself  in  their  proper* 
ties.  The  thiocresoU  have  been  described  by  Marcker  (loc^  cit.).  Post  and 
Muller  (ibid,  clxix.  30,  51);  thiocarvacrol  and  thiothymol  by  Fittica  (ibid. 
clxxii.  325 ;  Deut.  chem  Oes.  Ber.  vi.  941),  Flesch  (ibid.  vi.  478),  Boderburg 
(ibid.  vi.  669),  and  Bechler  (Joum.  pr.  Chem.  [2],  viii.  167). 

(1582)  Thionaphthols  :  Cj^H,.SH.— Maikopar  (Zeits.  Chem.  [2],  v.  710) 
has  prepared  the  thionaphthols  corresponding  to  a-  and  /3-naphthol  by  reducing 
the  chloridcH  of  a-  and  /3-naphthaIenesulphonic  adds,  but  they  have  scarcely 
been  examined. 

(1583)  Thiooltcol:  C,H^(SH),.--This  compound  is  obtained  by  the 
action  of  ethylenic  chloride  on  pota&sic  sulphydrate.    It  is  said  tq  be  a  colourless 
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liquid,  which  is  partially  decomposed  by  distillation.  A  body  intermediate  in 
composition  between  thioglycol  and  glycol,  and  which  therefore  is  represented  by 
the  formula  HO.C.H^.SH  has  been  obtained  by  Carias  {Ann.  Ckem,  Pharm,, 
cxxxiy.  257)  by  heating  the  chlorhydrin  0,H^C1.0H  with  an  alcoholic  solution 
of  potansio  sulphydrate.  It  is  a  colourless  liquid  of  the  consistence  of  glycol* 
sparingly  soluble  in  water,  having  a  faint  odour  like  that  of  thioethylic  alcohol ; 
on  oxidation  with  nitric  acid  it  is  conyerted  into  ozyethylsulphonic  or  isethionic 
acid,  C,H^(OH).SO,H.  On  boiling  its  alcoholic  solution,  sulphuretted  hydrogen 
is  evolred,  and  the  analogue  of  diethylenic  alcohol  (C,H^.OH),S,  is  produced. 

(1584)  Thioabsobcimol  and  Thioquimol:  CgH^(SH),. — These  com- 
pounds are  obtained  by  reducing  the  chlorides  of  the  correflponding  benzene- 
disulphonic  acids  (Pazschke,  Joum.  pr,  Chem,  [2],  ii.  418;  Komer  and 
Monselise,  Jaum.  Ghent,  Soe.,  1877,  i.  80).  They  are  both  crystalline  sub- 
stances, and  readily  yield  metallic  derivatiyes ;  the  former  has  an  aromatic  odour 
resembling  that  of  some  species  of  geranium,  whilst  the  latter  has  an  odour  distantly 
reaembling  that  of  the  tropmolum.  The  colourless  crystals  of  thioquinol  become 
oxidized  on  exposure  to  the  air,  and  turn  yellow. 

(^5^5)  Thioolycbbol  :  C,H,(SH),.— This  compound  is  obtained  from  the 
a-trichloropropane  formed  by  displacing  the  three  OH  groups  in  glycerol  by 
chlorine,  by  heating  it  with  an  alcoholic  solution  of  potassio  sulphydrate.  Com-> 
pounds  intermediate  in  composition  between  it  and  glycerol  have  been  prepared 
in  a  similar  manner  from  the  chlorhydrina  C,H.C1,0H  and  C,H,C1(0H),  (Carius, 
Ann,  Chem,  JPharm,,  cxxii.  72;  cxxiv.  222). 

These  bodies  are  syrupy  liquids  of  unpleasant  odour,  soluble  in  alcohol,  very 
sparingly  soluble  in  water,  insoluble  in  ether.  They  enter  into  reaction  with 
metallic  oxides  and  various  metallic  salts,  forming  derivatives  in  which  only  the 
hydrogen  of  the  SH  groups  is  displaced  by  metals.  They  are  decomposed  by 
heat,  thioglycerol  yielding  thioglycide,  C,H,S.SH  =  C,H,(SH),- SH,;  while 
more  complex  products  are  obtained  from  those  containing  less  sulphur,  owing  to 
their  losing  the  elements  both  of  water  and  sulphuretted  hydrogen.  Their 
behaviour  on  oxidation  appears  to  be  similar  to  that  of  other  thioaloohols. 


CHAPTER    VII. 

THB  BTHERS. 


§L    The   Ethers;  — ^11.    The   Ether- AlcohoU ;  — ^  HI.    The 

Olucondes ;  —  §  IV.  The  Thioethers,  Selenides  and  Tellurides. 
Thb  ethers  are  the  anhydrides  of  the  alcohols,  to  which  they 
bear  the  same  relation  that  the  metallic  oxides,  such   as   sodic 
and  calcic  oxide,  bear  to  the  corresponding  hydroxides  or  hydrates ; 
thus : 

Na.OH  Na.O.Na  CjH^.OH  CjH^.O.CjHj 

Sodto  hjdmide.  Sodio  oxide.  BthyUflskohoL  Ethylio  ethar. 

Ca(OH),  CaO  C,H^(OH),  CjH.O 

Csloio  hydroxide.  Celdo  oxide.  Ethylenio  sloobol.  Bthyle&ic  oxide. 

Preparation. — i.  The   ethers  corresponding   to    the    mono- 
hydric  alcohols  are  obtained  by  the  action  of  the  monohaloid 
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derivatives  of  the  hydrocarbons  on  the  potassium  or  sodium 
derivatives  of  the  alcohols ;  for  example : 

CgHg.ONa   4-   CjHgl   =   CjHg.O.CjHg   4-   Nal. 

Sodium  ethoxide.         Ethyl  iodide.  Ethjl  ether. 

If  the  metallic  derivative  of  the  alcohol  and  the  haloid  hydro- 
carbon derivative  contain  the  same  radicle,  as  is  the  case  in  the 
example  here  quoted,  so-called  simple  ethers  are  formed ;  but  if 
the  radicles  are  isomeric,  homologous,  or  isologous,  mixed  ethers 
result,  the  formation  of  several  of  which  is  illustrated  by  the  fol- 
lowing equations : 

CjH/.ONa   +   C3H/I  =  CgH^-.O.CgH/   +   Nal. 
CgHg.ONa   +   CH3I   =   CH^.O.CjHj   4-   Nal. 
C^Hg.ONa   +   CHsI  =  CJIg.O.CHj. 

The  preparation  of  the  homologues  of  ethyl  ether  (and  prohably  of  the  higher 
ethers  of  other  senes)  by  this  method  becomes  more  and  more  difficalt  as  the 
series  is  ascended,  on  account  of  the  conversion  of  the  monohaloid  paraffin  into 
the  corresponding  define  under  the  influence  of  the  metallic  derivative  of  the 
alcohol ;  the  tendency  to  undergo  this  decomposition  not  only  increases  as  the 
series  is  ascended,  but  is  also  greater  in  the  case  of  the  tertiary  than  in  the  case 
of  the  secondary  or  primary  derivatives :  hence  the  ethers  corresponding  to  the 
primary  alcohols  are  more  readily  prepared  than  those  which  correspond  to  the 
secondary,  and  the  secondary  more  readily  than  the  tertiary.  Moreover,  only 
those  haloid  derivatives  can  be  made  use  of  which  are  without  difficulty  con- 
vertible into  alcohols :  compounds  such  as  bromobenzene,  for  example,  which  do 
not  yield  up  the  halogen  in  exchange  for  other  radicles  under  any  ordinary 
treatment,  being  without  action  on  the  metallic  derivatives  of  the  alcohols ;  while 
others,  such  as  -  the  chloropropylenes  from  propylenic  chloride  (1243),  lose  the 
elements  of  a  molecule  of  hydrochloric  acid. 

2.  A  second  method,  which  is  available  for  the  preparation  of 
simple  and  mixed  ethers  corresponding  to  the  alcohols  of  the 
ethylic  and  allylic  series,  consists  in  distilling  the  acid  ethereal 
salts  formed  from  these  alcohols  and  sulphuric  acid  with  the 
alcohols  themselves : 

R'.HSO,   +   R'.OH   =   R'.O.R'   +    H,SO^. 

Add  ethereal  sulphate^        Alcohol.  Ether.  Salpharlc  acid. 

CgHg.HSO,  +    C3H5.OH   =  C,H5.0.C,H5    +    H,SO^. 
CgHj.HSO^   +   C5H11.OH   =   CgHg.O.CgH^i   4-    H^SO^. 

3.  Simple  and  mixed  ethers  corresponding  to  the  alcohols  of 
the  ethylic  and  allylic  series  are  also  formed  on  heating  the 
corresponding  haloid  hydrocarbon  derivatives  with  argentic  or 
mercuric  oxide : 

aC,H,I   +   Ag,0  =   (C,U,)fi   +   aAgl. 

4.  Little  is  known  of  the  simple  ethers  of  the  polyhydric 
alcohols.     Those  corresponding  to  the  dihydric  alcohols  are  pre- 
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pared  by  withdrawing  the  elements  of  a  molecule  of  hydrochloric 
acid  from  their  chlorhydrins : 

CgH^CLOH   +   KHO  =   C^H^O   4-   KCl  +   OH^. 

Glycol  chlorhydrin.  Ethylenio  oxide. 

Mixed  ethers  derived  from  polyhydric  and  monohydric  alcohols 
are  readily  obtained  by  the  action  of  monohaloid  hydrocarbon 
derivatives  on  the  sodium  derivatives  of  the  former ;  thus : 

C2H^(0Na)g  +   aCjHJ   =  C,H,(OC,H,),  4-  aNal. 

Properties. — The  ethers  derived  from  monohydric  alcohols  are, 
with  few  exceptions,  colourless  liquids,  having  an  agreeable  odour, 
sparingly  soluble,  or  insoluble  in  water,  and  boiling  at  a  lower 
temperature  than  the  metameric  alcohols.  In  chemical  behaviour 
there  is  a  considerable  difference  between  the  simple  and  mixed 
ethers  derived  from  the  carbinols — or  alcohols  which  may  be  re- 
garded as  formed  from  carbinol,  CH3.OH,  by  the  displacement 
of  one  or  more  of  the  three  atoms  pf  hydrogen  in  the  CH^  group  by 
hydrocarbon  radicles — and  the  mixed  ethers,  such  as  methylphenyl 
ether,  CHj.O.C^Hg,  derived  from  the  phenols  and  carbinols.  The 
former  are  slowly  decoinposed  when  heated  with  water,  and 
reconverted  into  alcohols : 

C3H5.O.C2H5   +   OH3   =    2C3H5.OH. 

On  digestion  with  concentrated  sulphuric  acid,  they  yield  the 
corresponding  acid  ethereal  sulphates : 

(C2H5)20  +   HjSO^  =  C3H5.HSO,   +  CgHg.OH; 
CjHj.OH  +   HgSO,  =  CjHg.HSO^  +   OH,. 

When  submitted  to  the  action  of  the  haloid  phosphorus  com- 
pounds they  are  converted  into  haloid  hydrocarbon  derivatives : 

CjHj.O.CjH^   4-   PCI5  =   aC^HgCl  +  POClj. 

The  ethers,  however,  are  much  less  readily  acted  upon  by  the 
haloid  phosphorus  compounds  than  the  alcohols.  They  are  also 
converted  into  haloid  hydrocarbon  derivatives  by  the  action  of 
the  haloid  adds,  hydricdic  acid  decomposing  them  most  readily ; 
thus: 

(C^fl,\0  +  HI  =  C,HJ    +  C3H5.OH. 

Silva  has  shown  {Compt.  tend.  Ixxxi.  323),  that  when  the  mixed 
ethers  of  the  CnHjn^j.O.CmKj^j^j  series  are  decomposed  by  saturat- 
ing them  with  hydriodic  acid^as  in  the  cold,  the  radicle  containing 
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the  fewest  carbon  atoms  is  separated  as  iodide^  ethyl  methyl  ether^ 
for  example^  being  almost  entirely  broken  up  in  accordance  with 
the  equation : 

CHj.O.CjHg  -h   HI  =  CH3I  +  CgH^.OH. 

On  the  other  hand^  the  mixed  ethers  formed  from  the  phenols 
by  displacing  the  hydrogen  of  the  OH  group  by  radicles  derived 
from  the  hydrocarbons  of  the  paraffin  or  olefine  series  are 
scarcely,  if  at  all,  altered  by  heating  with  water.  They  furnish 
haloid  substitution  derivatives  when  submitted  to  the  action  of 
the  haloid  phosphorus  compounds : 

CgHg.O.CHj  -h  PCI5  =  C,Hp.0.CH8  +  HO  +  PCI,, 

They  are  converted  into  sulphonic  acids  by  the  action  of  sulphuric 
acid: 

CgHg.O.CHj  +  HjSO^  =  C,H^(HS03).O.CH3  +   OH,. 

And  they  are  decomposed  by  the  haloid  acids,  although  much  less 
readily  than  the  ethers  derived  solely  fix)m  the  carbinols,  in  the 
manner  represented  by  the  equation  : 

C^Hj.O.CHj  +   HI  =  CgH6.0H  +   CH3T. 

Both  classes  of  ethers  are  oxidized  with  difficulty,  especially 
those  derived  from  the  phenols ;  but  when  oxidized,  they  furnish 
essentially  the  same  products  as  the  alcohols  from  which  they  are 
derived. 

The  ethers  corresponding  to  the  dihydric  alcohols,  to  judge 
from  the  behaviour  of  those  derived  from  the  glycols,  are  far  less 
inert  compounds  than  those  formed  from  monohydric  alcohols. 
Thus,  ethylenic  oxide  readily  combines  with  water  and  the  haloid 
acids  in  the  manner  expressed  by  the  equations : 

C^Ufi  +   OH3  =  CjH^COH), 
C^Rfl   -h   HCl  =  C,Hp.OH. 

The  following  ethers  derived  from  monohydric  alcohols  are 
known : 

Mhers  qf  the  CnH^  +  i.O.Ca»Hja  f  1  Series. 

MP  B.  P  % 

Methyl  ether CH,.O.CH  — '  -21**' 

Methyl  ethyl  ether CH,.O.Cj^,  —  +  ri* 

Ethyl  ether C,H,.O.C,H,  —  35<»-5 

Methyl  propyl  ether CH,.O.C,H,*  —  49'*-52'* 

Ethyl  propyl  ether C,H,.QC,H,«  —  68*^-70° 

Propyl  ether C,Hy».O.C,H,*  —  86** 

Iwpropyl  ether C,H/ .O.C.H/  —  60* 

Ethyl  butyl  ether C,^.O.C,H,«  —  9i**7 
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Ethyl  i«>bntyl  ether* C,H,.O.C,H/             —  78^-80° 

Methyl  iaoamyl  ether* CH,.O.C.H,^              —  92 

Ethyl  iaoamyl  ether C,H,.O.r,H^^»           —  112 

Butyl  ether C,H,»  .O.C.H,*          —  ^o^'S 

Iflobutyl  ether C,H/ .O.C.H/          —  no 

Propyl  iwamyl  ethw C,H,»  .O.C.H^^          —  I25''-I30° 

laoamyl  ether C,H,,.O.C,H„             —  176° 

Ethyl  cetyl  ether C,H,.O.C^,H„           20°  — 

Isoamyl  cetyl  ether C,Hjj.O.C„H„          30°  — 

Cetyl  ether ,     C„H„.O.C„H„         55^  about  3 op^ 

Hikers  qf  the  (C„Hto-i),0  and  CaH„_i.O.C„Hta  +  ,  Series. 

Allyl  ether C,H,.O.C,H,              —  8s*-87V 

AUyl  methyl  ether C.H^.OCH,               —  46"^ 

Allyl  ethyl  ether C,H..O.C,H,              —  64^ 

Allyl  isoamyl  ether C,H..O.C,Hj,             —  120*' 

Iwrotyl  methyl  ether (CH^,CzCH.OCH,    —  7o''-74° 

Isocrotyl  ethyl  ether (CH,),CzCH.OC,H.  —  9a'*-94° 

Others  of  the  CnHto-yO.CaH^  + 1  Series. 

Propargyl  methyl  ether      ....     C,H,.O.CH,               —  6i**-62*» 

Propargyl  ethyl  ether     .....     C,H,.O.C,H,               —  81^-85** 

Propargyl  iatamyl  ether     ....     C,H,.O.C,H^j             —  140°-!  45* 

Mkers  of  the  {C^I[^^,)fi  and  CJlt^^y.O.CJL^^i  Series, 

Phenyl  ether C.H..O.C.H,             a8°  248** 

Phenyl  benzyl  ether C,H,.O.CH,.C.H,      39^  287^ 

Phenyl  methyl  ether C,H,.O.CH,             liquid  152** 

Phenyl  ethyl  etker C,Hj.O.C,H,                „  172** 

Phenyl  isoamyl  tther C.H^.O.C^Hjj         .      „  225** 

Phenyl  allyl  ethet C,H,.O.C,H,               „  192°- 195° 

Orthocresyl  methyl  ether    .     .     .     .)                              {     "  '74° 

Metacresyl      „        „        ....  V  CH,.C,H,.O.CH,  ^      „  I75**-I76'* 

Paracreeyl      „„....)                               I      »,  ^74* 

Metacresyl  ethyl      „         ...     •  I  cH  c.H,.O.C,H  i  "  ',^^1 

Paracresyl       „         „         ....  J        »    •    *       «    5 1  ^,  ig8 

Benzyl  methyl  ether C.H,.CH,.O.CH,  „  i68*» 

Benzyl  ethyl  ether C,H,,CH,.O.C,H,  „  185** 

Thymyl  methyl  ether I  CH.' J  c,H,.aCH.     '*  I'Sl 

Cymenyl     „         „ J  C,H,  j     «    »  ■     „  216-8 

Thymyl  ethyl  ether C,^Hj,.O.C,H,  —  222'' 

Allylphenyl  methyl  ether  ^anethol)   .     C,H,.C.H,.O.OH,      21**  232** 

Mhers  qfthe  C^B^tn-w^^^iJ^f^  +1  Series. 

a-Naphthyl  ethyl  ether InTjrknTi         /  liquid         a8o**7 

e-Naphth,l   ., |C„H,.O.C.H.       |  ^^o  _ 

(1586)  Methylic  oxide  or  bthsb  :  CH,.O.CH,. — To  prepare  this  ether, 
a  mixture  of  1*3  pts.  methylic  sl.oohol  and  2  pts.  concentrated  sulphuric  acid  is 
gradually  heated  in  a  flask  attach^  to  a  reversed  condenser  to  140°  (284°  F.)  ; 
gas  begins  to  be  regularly  eTolvcd  at  110°  (230°  F.),  and  is  passed  through 
sodic  hydrate  solution  to  free  it  irom  sulphurous  anhydride,  and  then  into 
sulphuric  acid  which  is  cooled  by  wtter.     The  acid  dissolves  about  600  times 

*  The  isobutyl  and  isoamyl  ethers  have  all  been  prepared  from  the  fermen- 
tation alcohols :  the  latter  are  therefore  mixtures.  ^^  I 
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ite  volume  of  the  gas,  probably  forming  the  compound  SO(OH),(OCH,), ;  the 
solution  may  be  preserved  for  any  length  of  time,  and  the  ether  liberated  when 
required  by  allowbg  it  to  drop  into  water  (Erlenmeyer  and  Elriechbaumer,  Deut. 
chem.  Get,  Ber,,  vii.  699). 

Methylic  ether  is  a  colourless  gas  of  pleasant  ethereal  odour,  which  may  be 
condensed  by  a  refrigerating  mixture  of  ice  and  salt,  or  by  pressure,  to  a  liquid 
boiling  at  about  —  2 1°  (  -  ^°'S  F.).  On  account  of  its  volatility,  it  is  employed  in 
the  artificial  production  of  ice.  Water  at  18°  (64^*4  F.)  dissolves  37  times  its 
volume  of  the  gas.  When  it  in  passed,  to<;ether  with  hydrochloric  acid,  through 
well-cooled  tubes,  a  liquid  condenses  which  varies  somewhat  in  composition 
according  to  the  pressure  under  which  it  is  produced,  but  apparently  consists  of 
the  compound  C^H^O.HCl  with  more  or  less  of  the  ether  or  of  hydrochloric  acid 
dissolved  in  it  according  to  circumstances;  it  boils  at  —  i*  (29°'8  F.),  but  is  in 
great  part  dissociated  (Friedel,  Compt.  Bend,  IxxxL  152,  236). 

It  combines  with  sulphuric  anhydride,  forming  methylic  sulphate  (CH,),SO^. 
When  submitted  to  the  action  of  chlorine  in  sunlight,  it  furnishes  chlorinated 
derivatives.  The  monochloro-derivative,  CH,.0.CH,C1,  boils  at  J9°7  (i39**5  F.); 
it  is  dissolved  by  water  and  decomposed  into  hydrochloric  acid,  methylic  alcohol, 
and  so-called  trioxymethylene — the  polymeride  of  formic  aldehyde;  ammonia 
converts  it  into  hexametliyl^namine ;  and  it  readily  acts  on  dry  potassic  acetate 
Ibrming  the  compound  CH,.O.CH,(C,H,0,)  (Friedel,  ibid,  Ixxxiv.  247).  The 
dichlorinated  derivative,  CH,C1.0.CH,C1,  boils  at  105°  (221**  F.),  and,  when  de- 
composed by  water,  yields  hydrochloric  acid,  and  the  polymeride  of  formic  aldehyde. 

(1587)  Etuylic  OXIDE  or  ETHER j  Ether;  Sulphuric  Ether : 
CgHg.O.CjjHg. — Ethylic  ether  may  be  formed  in  a  variety  of 
ways^  but  on  the  large  scale  it  is  always  prepared  from  ethylic 
alcohol  by  the  so-called  continuous  process  of  Boullay. 

A  mixture  of  5  pts.  90  per  cent,  alcohol  and  9  pts.  concentrated  sulphuric 
acid  is  heated  to  a  temperature  of  140° — 145°  (2  8 4°— 293°  F.)  in  a  vessel  pro- 
vided with  an  efficient  condenser,  and  a  constant  stream  of  alcohol  is  allowed  to 
flow  in  at  such  a  rate  that  the  temperature  of  the  mixture  is  nzaintained  at  about 
140''  (284°  F.).  The  liquid  which  passes  over  consists  almost  entirely  of  ether 
and  water,  mixed  with  a  small  portion  of  alcohol  which  has  distiUed  over  unchanged; 
the  quantity  of  alcohol  which  thus  escapes  etherification  depending  upon  the  rapidity 
with  which  the  operation  is  conducted,  being  greater  the  more  quickly  it  is  per- 
formed. The  other  impurities  are  sulphurous  anhydride,  doetio  acid,  and  a  Uttie 
so-called  oil  of  wine,  which  b  a  mixture  of  ethylic  sulphate,  (C^H  J,S04,  and 
hydrocarbons  polymeric  with  ethylene. 

In  order  to  purify  the  ether,  it  is  agitated  with  an  equal  volume  of  milk  of 
lime,  and  is  then  rectified  from  the  water  bath.  But  M>  still  retains  alcohol  after 
being  thus  treated ;  this  may  be  in  great  part  removec  by  agitating  it  repeatedly 
with  water,  afler  which  it  may  be  dried  or  rendered  absolute  by  means  of  quick- 
lime or  fused  calcic  chloride,  and  then  rectified.  Tke  last  traces  of  alcohol,  how- 
ever, can  only  be  removed  by  allowing  the  dry  eth«r  to  remain  for  a  considerable 
time  in  contact  with  metallic  sodium,  and  then  distilling  it  from  the  water  bath, 
or  by  distilling  it  several  times  from  sodium. 

The  formation  of  ether  in  this  manner  is  gmerally  regarded  as  the  result  of 
two  distinct  changes,  the  first  of  which  conKsts  in  the  production  of  ethylic 
hydrio  sulphate : 

C,H,.OH   +   H,SO,   =   C.fl,.HSO,   +   OH,; 
which  then  enters  into  reaction  with  a  further  portion  of  alcohol  to  form  ethylic 
ether  and  sulphuric  acid : 

C.H,HSO.  .   C.H,OH  =   (C.H^.O   ^J^^^^^^l^ 
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The  Bulphnrio  acid  thtui  liberated  is  again  oonverted  into  ethjlio  hydric  snl- 
pbate,  which  is  in  turn  decomposed  by  the  alcohol,  and  this  cycle  of  changes  is 
^repeated  over  and  over  again.  Theoretically,  therefore,  the  same  quantity  of 
acid  shoald  suffice  to  convert  an  unlimited  amount  of  alcohol  into  ether,  bnt 
practically  this  is  not  the  case,  chiefly  because  oxidation  and  carbonization  take 
place  at  tiie  expense  of  the  acid,  i  pt.  of  acid  being  capable  of  converting  only 
about  5  pts.  of  alcohol  into  ether.  If  the  temperature  be  allowed  to  rise  above 
about  145°  (293°  F.)f  the  ethylic  hydric  sulphate  undergoes  decomposition  into 
ethylene  and  sulphuric  acid,  and  below  about  140**  (284''  F.),  the  etherification 
of  the  alcohol  takes  place  very  slowly,  for  although  ether  may  be  formed  by 
heating  ethylic  hydric  sulphate  with  alcohol  at  100^  (2 1 2**  F.),  it  is  only  at  about 
140°  (293°  F.)  that  the  change  is  rapidly  effected ;  moreover,  if  the  temperature 
be  not  considerably  above  loo**  (212°  F.),  the  water  produced  in  the  reaction 
does  not  distil  over,  and  the  acid  becomes  too  weak  to  effect  the  etherification. 

The  most  conclusive  proof  of  the  correctness  of  this  explanation  is  afforded  by 
Williamson's  observation  that  if  a  mixture  of  (fermentation)  amy  lie  alcohol  and 
sulphuric  acid — ».e.,  amylic  hydric  sulphate,  be  submitted  to  distillation  with 
ethylic  alcohol,  the  mixed  ether,  isoamyl  methyl  ether,  is  produced,  the  residue  in 
the  retort  when  only  ethylic  ether  passes  over  consisting  of  ethylic  h^'dric  sul- 
phate ;  thus : 

C,H„.OH   +   H,SO,   =   C.H^^.HSO,   +   OH,; 
C,H„.HSO,    +   C,H,.OH  =   C.H^,.O.C,H,  +    H,SO^. 

Ether  is  also  produced  on  distilling  ethylic  sulphate  with  alcohol  (Erlenmeyer), 
and  it  is  possible  therefore  that  the  following  reactions  play  a  part  in  the  forma- 
tion of  ether  by  the  continuous  process : 

2C,H,.0H   +   H,SO,  =    (C,H,),SO,  +   2OH,; 
(C,HJ,SO,   +    C,H..OH   =    (C,H,),0  +    C,H..HSO,. 
(C,HJ,SO,   +    2C.H,.0H   =   2(C,H,),0  +    H,SO,. 
.  Other  methods  of  converting  alcx)hol  into  ether  are  by  heating  it  under  pres* 
sure  with  sulphuric  acid  diluted  with  water  (Reynoso,  Ann,   Chem,  Fhys.    [3], 
xlviii.    435  ;  Erlenmeyer,  Ann,    Chem.  Pharm.  clxii.   373),  with  the  haloid 
acids,  or  with  the  monohaloid  derivatives  of  ethane ;  for  example : 
C,H,.OH   +   HCl    =    C.H.Cl  +   OH,; 
C,H,.OH   +  C,H.C1  =    (C,HJ,0   +   HCL 

Various  salts  are  also  capable  of  etherifying  alcohol,  apparently  without 
undergoing  change  themselves.  Thus  Reynoso  has  found  that  ether  is  produced 
in  considerable  quantity  on  heating  alcohol  at  240®  (464*'  F.)  in  sealed  tubes 
with  the  sulphates  isomeric  with  magnesic  sulphate,  or  with  the  chlorides  of 
cadmium,  cobalt,  copper,  and  manganese,  or  with  bromide  or  iodide  of  cadmium. 
If  normal  aluminic  sulphate  be  employed,  the  etherification  takes  place  between 
200°  and  240°  (392**  and  464**  F.),  without  liberation  of  gas,  and  with  but 
little  formation  of  basic  sulphate ;  when  alum  is  used  the  results  are  similar, 
but  the  alcohol  is  etherified  at  a  lower  temperature.  Aluminic,  ferric,  and  zincic 
chlorides  furnish  a  mixture  of  ether  and  monochlorethane.  There  can  be  little 
doubt  that  in  most  of  these  cases  the  etherification  is  due  to  the  action  of  a  small 
amount  of  acid  formed  by  the  decomposition  of  a  portion  of  the  salt  employed ;  in 
others  perhaps  it  \a  at  least  partially  the  result  of  successive  changes  such  as  are 
represented  by  the  following  equation  : 

ZnCl,   +   C,H..OH   =    ZnC1.0C,H,  +   HCl. 
ZnC1.0C,H,   +    C,H,.OH   =   ZnCl.OH    +    (C,HJ,0. 

In  all  these  cases,  however,  the  alcohol  is  never  completely  converted  into 
ether  in  consequence  of  the  occurrence  of  changes  which  are  the  reverse  of  those 
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by  which  the  ether  is  formed.  For  example,  when  monochlorethane  is  heated 
with  alcohol,  not  only  is  ether  prodnoed,  bat  the  hydrochloric  acid  which  ia  the 
aooessoTj  product  reacte  more  or  leea  upon  the  ether  and  reconverta  it  into 
alcohol  and  monochlorethane ;  thus : 

C,H..OH  +   C,H^C1   =   HCl   +   (C,H,),0; 
(C,HJ,0   +   HCl   =   C,H..OH  +   C,H,a 

The  extent  to  which  changes  of  this  kind  occur  depends  chiefly  upon  the 
relative  amounts  of  the  different  substancea  present,  and  on  the  temperature  tc 
which  the  mixture  is  heated. 

Ethylic  ether  is  a  colourless^  transparent^  very  mobile  liquid^ 
haying  a  peculiar  exhilarating  odour  and  sharp^  burning  taste, 
with  cooling  after  taste.  It  boils  at  35^*6  (96^  F.)^  and  at 
0°  (3a®  P.)  has  the  sp.  gr.  736.  Dry  ether  does  not  solidify,  even 
in  a  mixture  of  carbonic  anhydride  and  ether  (Franchimont).  It 
is  very  inflammable,  and  its  vapour  detonates  with  great  violence 
when  mixed  with  air  and  ignited.  It  dissolves  in  about  9  pts.  ol 
water  at  ordinary  temperatures,  and  itself  dissolves  about  one- 
eleventh  of  its  weight  of  water;  it  is  miscible  in  all  proportions 
with  anhydrous  methylic  and  ethylic  alcohols,  and  with  many 
other  liquids.  It  readily  dissolves  most  highly  hydrogenized 
carbon  compounds,  which  are  sparingly  soluble  in  alcohol,  such 
as  fats  and  resins,  but  is  very  seldom  a  good  solvent  for  substances 
which  are  easily  soluble  in  alcohol. 

Ether  also  dissolves  bromine  and  iodine,  and  many  metallic 
bromides  and  chlorides  in  considerable  quantity.  The  solu- 
tion of  these  substances  by  ether  is  apparently  connected  with  the 
fact  that  they  form  compounds  with  it.  Thus,  on  mixing  together 
bromine  and  ether  in  a  vessel  surrounded  by  a  refrigerating 
mixture  of  ice  and  salt,  a  red  crystalline  body  of  the  composition 
(C^HioO)jBrg  is  obtained,  which  melts  at  22^  (71^*6  P.)  and  does 
not  give  off  bromine  under  the  ordinary  pressure,  but  gradually 
undergoes  spontaneous  decomposition  and  becomes  liquid  when 
kept ;  it  is  instantly  resolved  by  water  into  its  generators  (Schiit- 
asenberger,  Campt.  Rend.  Ixxv.  151 1).  In  a  similar  manner,  crys- 
talline compounds  of  ether  with  stannic  chloride,  aC^Hj^O.SnCl^ 
with  titanic  chloride,  C^H^oO-^^^^^  ^^^  vanadic  oxychloride, 
VOClj.C^HioO  (Bedson,  Jaum.  Chem.  Soc.  1876,  i.  309),  with 
antimonic  chloride,  SbCl^.C^H^^O  (Carleton  Williams,  ibid., 
ii.  463),  and  with  many  other  chlorides,  &c.  (comp.  Nickl^, 
CompL  Rend.,  lii.  396 ;  Iviii.  537  ;  Ix.  479,  800),  may  be  obtained 
by  mixing  the  chlorides  with  ether,  taking  care  to  prevent  rise  of 
temperature.  They  are  all  decomposed  by  water,  and  decompose 
either  spontaneously  when  kept,  or  on  heating;  the  titanium 
compound,  C^H^QO.TiCl^  for  example,  when  heated,  is  converted 
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into  the  chlorethylin  TiClj.OCjHg  and  chlorethane.  The  stannic 
chloride  compound^  however^  is  said  to  volatilize  unchanged. 

Ether  burns  with  a  much  more  luminous  flame  than  alcohol, 
and  soot  is  deposited  on  cold  bodies  introduced  into  the  flame. 
If  burned  with  insuflBcient  air,  by  passing  the  vapour  mixed  with 
air  over  platinum  black  for  examplci  it  yields  a  mixture  of 
aldehyde  with  acetic  acid  and  acetal.  It  also  gradually  absorbs 
oxygen  on  exposure  to  the  air;  according  to  Kingzett  {Year  Book 
of  Pharmacy,  1 876,  554),  hydric  peroxide  and  perhaps  ethylic 
acetate  are  produced  by  its  atmospheric  oxidation.  With  other 
oxidizing  agents,  it  yields  products  similar  to  those  obtained 
under  analogous  conditions  from  alcohol,  but  is  much  less  readily 
acted  upon  than  the  latter ;  thus,  when  heated  with  nitric  acid,  it 
furnishes  carbonic  anhydride,  and  acetic  and  oxalic  acids. 

It  is  slowly  decomposed  in  contact  with  water,  even  at  ordi- 
nary atmospheric  temperatures,  and  much  more  rapidly  when 
heated  with  it,  being  converted  into  alcohol;  this  change  is 
facilitated  by  acids,  but  not  by  alkalies.  In  contact  with  sodic 
chloride,  calcic  chloride,  or  anhydrous  cupric  sulphate,  it  is  slowly 
decomposed,  acquiring  the  property  of  giving  the  iodoform  reac- 
tion, which  is  not  the  case  with  ether  which  has  been  many 
months  in  contact  with  potassic  hydrate  or  carbonate ;  this  is 
perhaps  due  to  the  formation  of  an  ethylate,  thus : 

CuSO^  +   (C8Hj),0  =  C,H50.SO,.O.Cu.OCjH5. 

(Lieben,  Ann.  Chem.  Pkarm.,  clxv.  134).  Potassium  and  sodium 
are  without  action  on  pure  ether.  It  combines  with  sulphuric  an- 
hydride, forming  ethylic  sulphate,  (C2Hg)2SO^;  and  when  warmed 
with  concentrated  sulphuric  acid,  it  yields  hydric  ethylic  sulphate. 

(1588)  Chlorinated  DerivativeM  qf  Ethylic  Ether, — Chlorine  acts  very 
readily,  even  at  temperatures  helow  o®  (32^  F.),  on  ether,  converting  it  in  the 
first  instance  into  monochlorinated  ether,  from  which,  by  the  continued  action  of 
ohlorine  in  diffused  light,  di-,  tri-,  tetra-  and  pentachlorether  are  formed ;  and  by 
the  prolonged  action  of  chl6rine  assisted  by  sunlight,  the  perohlorinated  compound 
^S^xfi  ^"  finally  produced. 

MoHochlorethm',  C,H..0.CHC1.CH^  is  the  first  product  of  the  action  of 
chlorine  on  carefully  cooled  ether ;  it  may  also  be  obtained  by  saturating  a 
mixture  of  aldehyde  with  twice  its  volume  of  anhydrous  alcohol  with  hydrochloric 
acid  gas,  its  formation  in  the  latter  case  being  represented  by  the  equations : 

CH,.COH   +   Ha   =  CH,.CHC1.0H; 
CH,.CHaOH   +   C,H,.OH   =   CH,.CHCLO.cX  +   Ha 
It  is  a  colourless  liquid,  boiling  with  slight  decomposition  at  97** — 98°  (206^*6 
— 208**4  ^O*     Concentrated  sulphuric  acid  decomposes  it  with  formation  of 
aldehyde,  ethylic  hydric  sulphate,  and  hydrochloric  acid  (Jacobsen,  Deui,  cAms. 
Oes.  Ber.,iy.2iS): 

CH,.CHaO.C,H,   +   H,SO^  =»   C,H,.HSO,   +   CH,.OOH   +  JLa 
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IHohlorether,  C,H,.0.CHC1.CH,C1,  ib  the  chief  product  of  the  action  of 
chlorine  on  ether  at  temperatures  not  exceeding  20° — 30°  (68° — 86°  F.) 
(Liehen,  Ann,  Chem,  Pharm^,  cxlvi.  180 ;  dxxviii.  29;  Abeljanz,  ibid,,  cliiv. 
197  ;  Jaoobsen,  loo.  cH).  It  is  best  prepared  bj  passing  chlorine  into  ether 
cooled  to  o^  (32®  F.),  and  after  some  time  distilling  the  product  in  the  water 
bath ;  the  distillate  is  again  submitted  to  the  action  of  chlorine,  and  the  product 
distilled,  and  this  treatment  repeated  until  the  amount  volatile  below  100^ 
(212°  F.)  becomes  very  small.  The  residues  are  then  distilled  until  the  boiling 
point  reaches  136°  (276°*8  F.)>  the  distillate  is  treated  with  chlorine,  and  finally, 
after  another  repetition  of  this  treatment,  the  entire  product  not  volatile  below 
136°  (276°-8  F.)  is  submitted  to  fractional  distillation. 

It  is  a  limpid,  colourless  liquid,  boiling  with  slight  decomposition  at  about 
145^  (293^  F.).  Like  monochlorether  it  is  slowly  decomposed  by  water  at 
ordinary  temperatures,  and  more  rapidly  on  heating,  yielding  a  mixtare  of 
the  monethylin  of  monochloraldehydrol,  CH,Cl.CH(OH).OC,H.,  which  boils 
at  9j®  —  96**  (203°  —  204°'8  F.),  with  the  condensation  product 
[CH,C1.CH(0C,HJ],0,  which  boils  at  about  165**  (329°  F.).  On  treat- 
ment  with  concentrated  sulphuric  acid  it  furnishes  monochloraldehyde,  hydric 
ethylio  sulphate,  and  hydrochloric  acid : 

CH,a.CHClOC,H,   +   H,SO^  =   CH.Cl.COH   +  C,H,.HSO,   +   UCl, 

By  the  action  of  sodic  ethjlate  it  is  converted  into  monochloracetal, 
CHgCl.CH(OC,Hg),.  Phosphoric  pentachloride  acts  upon  it  chiefly  in  the 
manner  represented  by  the  equation : 

CH,aCHCl.OC,H,  +  PCI.  =  CH,C1.CHCI,  +  C.H.Cl  +  poa.. 

An  isomeric  dichlorether,  CH,.CHC1.0.CHC1.CH,,  is  formed  on  saturating 
anhydrous  aldehyde  cooled  to  o^  (32^  F.)  with  hydrochloric  acid  gas  : 

CH,.COH  +   HCl   =   CH,.CHC1(0H) ; 
CH,.CHCl(OH)   +   CH,.CHC1(0H)    =   CH,.CHC1.0.CHCLCH,  +   OH,. 

It  is  a  colourless,  limpid  liquid,  boiling  at  about  116^  (240^*8  F.);  it  is  much 
more  easily  decomposed  by  water  than  the  isomeric  compound,  being  converted 
into  aldehyde  and  hydrochloric  acid  (Lieben,  Ann.  Chem,  Pharm.,  clxxviii.  43). 
The  dichlorethers  readily  exchange  their  chlorine  for  hydrocarbon  radicles 
when  submitted  to  the  action  of  the  zinc  organo-metallic  compounds   (comp. 

pp.  411,452). 

Tricklorether,  CHCl3.CHCl.OC3H.. — In  order  to  convert  dichlorether  into 
the  higher  chlorinated  derivatives,  the  action  of  chlorine  requires  to  be  assisted 
by  heat ;  the  tri-,  tetra-,  and  pentachlorinated  compounds  have  not  been  isolated 
from  the  product  in  the  pure  6tat<»,  however,  as  they  partially  decompose  on  distilla- 
tion, although  their  presence  may  be  indirectly  proved  by  the  action  of  sodio 
ethylate  and  of  sulphuric  acid  on  the  product.  Thus  when  the  residue  boiling 
above  155®  (311^  F.)  obtained  in  the  preparation  of  dichlorether  is  submitted 
to  the  action  of  sodic  ethylate,  a  product  is  obtained  from  which  dichloracetal,  ' 
CHClj-OHCOCgH^),,  may  be  separated  by  fractional  distillation,  proving  the 
presence  of  a  trichlorether  of  the  formula  CHClj.CHCl.OC^Hj  (Jacobsen). 

Similarly,  the  product  obtained  by  carrying  on  the  action  of  chlorine  for 
some  time  at  about  90°  (194°  F.),  when  treated  with  concentrated  sulphuric 
acid,  yields  a  considerable  quantity  of  chloral,  CC1,.C0H,  and  therefore  contains 
the  tetrachlaretker  CC1,.CHC1.0C3H,  (Jacobsen).  This  ether  may  be  obtained 
in  the  pure  state  by  the  action  of  phosphoric  pentachloride  on  the  monethylin  of 
trichloraldehydrol  (Henry,  Beut  chem,  Ges,  Ber.,  iv.  loi) : 

CCl,.CH(OH).OC,H.  +   PCI,  =   Ca,.CHC1.0C3H,   +   HCl   +   POCl^. 
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It  boils  at  190°  (374°  ^•)»  ^y  heating  with  alcohol,  it  is  converted  into 
trichloraceta],  CC1,.CH(0C,H^)2,  and  also  furnishes  this  compound  when  acted 
upon  by  sodio  ethylate  or  by  a  very  strong  alcoholic  solution  of  potassic  hydrate, 
but  a  10  per  cent,  solution  of  potassic  hydrate  apparently  converts  it  into  the 
compound  CC1,IZCC1.0C,H,  (Wurtz  and  Vogt,  Compt  Bend.,  Ixxiv.  777; 
Paterno  and  Pisati,  Gcus,  chim,  itaL,  ii.  333). 

The  end  product  of  the  action  of  chlorine  in  diffused  light,  assisted  by  heat, 
is  the  pentachlorether,  CCl3.CCl,.00,H^.  Hence  it  appears  that  the  action  of 
chlorine  on  ether  in  diffused  light  is  restricted  to  the  one  ethyl  group,  and  that  the 
order  in  which  the  hydrogen  atoms  ai'e  displaced  may  be  represented  by  the  formula 
CH,.CH^OC,H^  (Jacobsen) ;  the  crude  mixture  of  higher  chlorinated  derivatives 

2T4-I-5 

has  not  yet  been  sufficiently  investigated,  however,  to  enable  us  to  state  that 
displacement  takes  place  only  in  this  order  (comp.  Henry,  DeuL  chem,  Ges,  Ber,, 
vii.  763). 

An  isomeric  pentachlorether,  CClj.CHCl.O.CHj.CHjCl,  may  be  obtained  by  the 
action  of  phosphoric  pentachloride  on  the  compound  CC1,.CH(0H).0.CH,.CH,C1, 
formed  by  the  union  of  chloral  with  the  chlorhydrin  of  glycol,  CH,(0H).CH,C1 ; 
it  boils  without  change  at  235°  (455°  ^*)  (Henry,  loc,  cit) 

Perchlorethylic  ether,  C^Cl^^O,  the  end  product  of  the  prolonged  action  of 
chlorine  on  ether  in  sunshine,  according  to  Begnault,  by  whom  it  was  discovered 
in  1830,  is  a  crystalline  substance  which  melts  at  69°  (156^*2  F.) ;  it  boils  at 
about  300°  (572°  F.),  but  is  at  the  same  time  resolved  into  hexachlorethane 
and  tj:ichloracetic  chloride  :  (C,C1  J,0  =  C.Cl,  +  CC1,.C0C1. 

The  remaining  homologues  of  ethylic  ether,  which  have  mostly 
either  been  prepared  by  the  action  of  sulphuric  acid  on  the  corre- 
sponding alcohols,  or  by  heating  monohaloid  derivatives  of  paraffins 
with  the  sodium  derivatives  of  the  alcohols  of  the  ethylic  series, 
manifest  the  closest  resemblance  in  their  properties  to  ethylic  ether. 

(1589)  Ethers  op  the  (C„Hto-i)sO  and  C„Hto+i.O.CnHja^i  Sebiks.— 
These  ethers  are  prepared  by  methods  precisely  similar  to  those  employed  in 
the  preparation  of  the  ethers  of  the  ethylic  series,  and  they  appear  to  bear  the 
same  relation  in  properties  to  these  latter,  that  ally  lie  alcohol  bears  to  ethylic  alcohol. 
According  to  £ltekoff's  recent  experiments,  however  {Deut.  chem.  Gee,  Ber.^ 
X.  704),  the  behaviour  of  the  ethers  of  the  form  (CnH,„+,)jCzzCH.OCnHi„+i, 
when  heated  with  dilute  sulphuric  acid,  is  somewhat  peculiar,  inocrotyl  ethyl 
ether  (p.  396),  (CH,),CzzCH.OCsHj,  being  apparently  thereby  converted  into 
isobutyric  aldehyde,  (CHJ^CH.COH,  and  ethylic  alcohol. 

(1590)  Ethees  of  the  CnH,n+i.O.CnH,n_,  Sebies.— The  ethers  of  this 
series  are  obtained  from  the  corresponding  terms  of  the  CnH^Q^i.O.CnH^o.i  series 
by  combining  them  with  bromine,  and  submitting  the  bromides  obtained  to  the 
action  of  an  alkali.  For  example,  ethyl  allyl  ether,  C2H^.O.C3H,,  unites 
directly  with  bromine,  forming  the  di bromide  CjHg.O.C,H,Br,,  and  on  distilling 
this  compound  in  the  oil  bath  from  pieces  of  solid  sodic  hydrate,  ethyl 
monobromallyl  ether,  CjH^.O.CJI^Br,  is  prodiu-ed.  This  is  a  colourless 
liquid  of  pleasant  odour,  boiling  at  130° — 135°  (266® — 275°  F.);  by  heating 
with  a  very  concentrated  alcoholic  solution  of  potassic  h3'drat«,  it  is  readily  con- 
verted into  ethyl  propargyl  ether,  CjHj.O.C,H,  (Henry,  Deut.  chem.  Get,  Ber.^ 
V.  188  ;  274).  This  ether  is  also  formed  by  the  action  of  an  alcoholic  solution 
of  potassic  hydrate  on  a-tribromopropane  (tribromohydrin),  and  several  other 
chloro-  and  bromo-derivatives  of  propane  and  propylene  (comp.  Liebermann  and 
Kretschmer,   Ann.    Chem,    Pharm,,  clviii.  230).     It  is  a  mobile~>liquid  of 
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penetrating  odour,  lighter  than  water,  boiling  slightly  above  80^  (176^  ^0 ;  ^^ 
combines  with  bromine  to  form  the  compound  C,H,6r,.0.C,H^,  which  is  re* 
converted  into  the  ether  by  the  action  of  sodium  amalgam  on  its  alcoholic  solution. 
It  also  exhibits  the  property,  which  w  apparently  characteristic  of  all  propargyl 
compounds,  that  of  forming  metallic  derivatives.  Thus,  on  adding  a  concen- 
trated solution  of  argentic  nitrate  to  its  alcoholic  solution,  a  crystalline  precipitate 
is  obtained  having  the  composition  (C,H,Ag,0C,H^),,AgN03,  which  on  treatment 
with  ammonia  is  converted  into  an  amorphous  silver  derivative  of  the  composition 
CgHjAg.OCjH^.  A  corresponding  cuprous  derivative,  (CjHj.OC^HjjjCu,,  is 
obtained  as  an  amoi^hous  yellow  precipitate  on  the  addition  of  an  ammoniacal 
solution  of  cuprous  chloride.  The  ether  may  be  obtained  from  these  derivativea 
by  distilling  them  with  dilute  sulphuric  acid. 

(1591)  EtHEBS    op  the    (C„Hjn.7),0  and    C„H,„+i.O.C„Hto-.7SEBTE8.— 

Fhbntlio  Ether,  (C,Hg),0. — This  ether,  which  is  altogether  peculiar  in  its 
properties,  is  obtained  on  gently  warming  phenol  with  diazobenzene  sulphate : 

C,H,N,.H,SO,  +  C.H..OH  =  (C,H,),0  +  H,SO,  +  N, ; 

and  is  also  a  product  of  the  destructive  distillation  of  cupric  benzoate  (Hoffmeister, 
Ann.  Ckem,  Pharm.,  clix.  1 94).  It  is  a  colourless  crystalline  substance,  having 
a  pleasant  odour  resembling  that  of  the  geranium,  is  almost  insoluble  in  water, 
but  easily  soluble  in  alcohol,  benzene,  or  ether ;  it  melts  at  28°  (82^*4  F.)»  and 
boils  at  246°  (474^*8  F.)  It  is  a  body  of  remarkable  stability,  for  it  is  not 
affected  by  heating  with  a  concentrated  solution  of  hydriodic  acid  to  250^ 
(482°  F.),  or  by  long-continued  boiling  with  a  solution  of  chromic  anhydride  in 
glacial  acetic  acid,  or  when  passed  over  heated  zinc  dust ;  it  may  be  distilled  with 
phosphoric  pentachloride  without  undergoing  change,  and  when  heated  with  ic  in 
sealed  tubes  at  220°  (428°  F.)  is  merely  chlorinated.  It  dissolves  in  concentrated 
sulphuric  acid,  forming  the  disulpho-acid  (C,H^.HSO,),0 ;  concentrated  nitric 
acid  converts  it  into  the  corresponding  dinitro-derivative,  which  crystallizes  in 
colourless  or  slightly  yellow  needles,  melting  at  135°  (275°  F.),  and  distilling  at  a 
high  temperature  unchanged;  whilst  by  adding  bromine  to  its  solution  in 
carbonic  bisulphide,  a  crystalline  dibromo-derivative  is  obtained,  which  melts  at 
54°  (i29**'2  F.),  and  distils  without  change  above  360*  (680°  F.). 

(1592)  Methyl  phenyl  Ether  oe  Anisol  :  CHj.O.C.H,. — The  simplest 
method  of  obtaining  this  ether  is  to  heat  in  a  flask  attached  to  a  reversed  condenser 
a  mixture  of  phenol  with  the  amount  of  potassic  hydrate  required  to  convert  it 
into  the  potassium  derivative,  a  slight  excess  of  methylic  iodide,  and  some 
methylic  alcohol ;  when  the  action  is  complete,  the  product  is  separated  by  the 
addition  of  water,  and  purified  by  distillation.  This  method  may  be  employed 
for  the  preparation  of  all  the  homologous  ethers.  Methyl  phenyl  ether  may  also 
be  obtained  by  distilling  anisic  acid  with  baric  hydrate :  0,H^(OCH,).COOH 

=  CjH^.OCH,  +  CO2,  and  on  this  account  it  is  frequently  termed  anisol. 

It  is  a  colourless  liquid  of  pleasant  odour,  innoluble  in  water,  of  the  sp.  gr. 
•991  at  15**  (59°  F.) ;  it  boils  at  152*  (305**-6  F.).  It  is  a  body  of  very  con- 
siderable stability,  as  it  resists  the  action  of  oxidizing  igents,  and  is  not  reduced 
by  passing  over  heated  zinc  dust — by  which  treatment  phenol  is  converted  into 
benzene.  By  heating  with  a  concentrated  solution  of  hydriodic  acid  at  130^ 
(266^  F.),  it  is  resolved  into  phenol  and  methylic  iodide ;  hydrobromic  and 
hydrochloric  acids  decompose  it  in  a  similar  manner  at  higher  temperatures. 
When  submitted  to  the  action  of  chlorine  or  bromine,  or  of  nitric  or  sulphuric 
acids,  it  furnishes  substitution  derivatives;  the  haloid  phosphorus  compounds 
act  in  a  similar  manner  (Henry,  Deut  ckem,  Ges.  JBer,,i\.  710).  In  all  these 
cases,  hydrogen  in  the  C,  group  is  alone  displaced. 

The  homologues  of  methylphenyl  ether  exhibit  very  simili^-properties.  but 
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their  behavioor  on  oxidation  is  different,  being  similar  to  that  of  the  hydrocarbons 
homologous  with  benzene.  Thus,  the  methyl  ethers  derived  from  the  three 
isomeric  cresols  or  methylphenols,  CH,.0,H4.0H,  yield  on  oxidation  the  three 
corresponding  methoxy benzoic  acids,  C,H^(OCU,).COOH.  This  property  is  of 
considerable  practical  Talne,  as  it  is  oflen  possible  by  fir^t  converting  the  phenols 
into  mixed  ethers  and  oxidizing  these  latter  to  ascertain  the  nature  of,  and  the 
**  position  occupied  by,"  the  hydrocarbon  side  chains  in  the  phenols,  which  cannot 
be  effected  by  the  oxidation  of  the  phenols  themselves.  For  example,  by  con- 
verting phlorol  from  beech  tar  creasote  (p.  494)  into  the  methyl  ether,  and  oxi- 
dizing this  latter,  Tiemann  and  Mendelsohn  (Deut.  chem.  Get.  JSer.,  x.  61) 
Itave  obtained  a  methoxyphthalic  add,  C,H,(€OOH)^OCH,,  thus  proving  the 
phenol  in  question  to  be  a  dimethylphenoL 

Substitution  derivatives  of  methyl  phenyl  ether  and  of  the  homologous  ethers 
may  also  be  formed  from  the  substitution  derivatives  of  the  phenols  by  the  action 
of  the  monohaloid  derivatives  of  the  paraffins  on  their  metallic  derivatives.  Thus, 
by  heating  the  chlorophenols  with  potassic  hydrate  and  methylic  iodide,  they  are 
converted  into  corresponding  methyl  chlorophenyl  ethers,  and  similarly  by  the 
action  of  methylic  or  ethylic  iodide  on  the  silver  derivatives  of  the  nitrophenols , 
nitrophenyl  methyl  and  ethyl  ethers  are  obtained. 

By  heating  the  nitropbenyl  ethers  with  ammonia  solution,  it  is  frequently  pos- 
sible to  displace  the  OCH,  or  OC,H^  group  by  the  group  NH,,  and  thus  to  obtain 
amido-derivatives  corresponding  to  the  phenols  from  which  the  ethers  were  formed; 
this  reaction,  which  is  also  of  considerable  value  as  a  method  of  ascertaining  the 
constitution  of  phenol  derivatives,  apparently  only  takes  place  when  theOCH,  group 
"  occupies  the  para-  or  ortho-position"  relatively  to  the  NO,  group  (oomp.  p.  333). 

(1593)  Benzyl  Ethebs. — These  ethers  are  obtained  by  the  action  of  benzylic 
chloride  on  the  sodium  derivatives  of  the  alcohols ;  for  example : 

C.H,.CH,C1  +   C.H^ONa   =   C.H,.O.CH,.C.H,  +    NaCl. 

At  present  the  only  interest  which  attaches  to  them  is  on  account  of  their 
behaviour  on  chlorination,  and  with  nitric  acid,  in  respect  of  which  they  differ 
somewhat  from  the  ethers  of  other  series.  Thus,  according  to  Sintenis  (Ann. 
Chem.  Fharm.fdxi.  329),  when  benzyl  methyl  and  ethyl  ether  are  submitted  to 
the  action  of  chlorine  either  in  the  cold,  or  at  the  boiling  temperature,  or  in 
presence  of  iodine,  they  furnish  benzoic  aldehyde  and  a  monohaloid  paraffin 
derivative : 

C,H,.CH,.OC^,  +  CI,  =   C.H,.COH  -h  C.H.Cl   +   HCl. 

They  are  decomposed  in  a  similar  manner  by  concentrated  nitric  acid.  Benzyl 
phenyl  ether,  however,  is  converted  by  the  action  of  chlorine  or  bromine  alone, 
jjito  benzylic  chloride  or  bromide  and  ciilorinated  or  brominated  derivatives  of  ' 
phenol ;  whilst,  if  the  action  take  place  in  presence  of  mercuric  oxide,  chlorinated 
or  brominated  derivatives  of  the  ether  are  produced,  such  as  C,Hj.CH,.OC,H^Br, 
showing  that  the  formation  of  benzylic  chloride,  <&c.,  when  chlorine  alone  is 
employed,  is  due  to  the  decomposition  of  the  ether  by  the  haloid  acid  formed  in 
its  conversion  into  haloid  substitution  derivatives. 

(1594)  Ajjbthol:  Cj,H„0  =  CH,.O.C,H^(C,HJ.— This  ether  is  the  chief 
constituent  of  oil  of  anise,  from  which  it  may  be  separated  by  fractional  distilla- 
tion; on  cooling  the  portion  collected  at  about  230*^ — 235**  (446** — 455°  r.)« 
the  anethol  crystallizes  out,  and  may  be  purified  by  crystallization  from  alcohol. 
It  may  be  obtained  in  a  similar  manner  from  oil  of  fennel.  Oil  of  tarragon  is 
•aid  to  contain  an  isomeric  substance,  an^  it  is  also  stated  that  anethol  is  accom- 
panied by  a  liquid  isomeride  in  the  oils  of  anise  and  fenneL 

Anethol  crystallizes  in  colourless  glintenin^  plates,  which  melt  at  21* 
(69^*8  E.) ;  itboihiat  about  232°  (449'''6  F.).   When  boiled  with  a  concentrate^^ 
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solution  of  hydriodic  acid,  it  furniBhes  methylie  iodide,  together  with  a  resinoiis 
mass  formed  from  the  auol,  which  is  the  accessory  product  of  the  reaction, 
and  which  may  he  obtained  in  a  pure  state  by  beating  anethoi  to  200** — 230** 
(392° — 446^  F.)  with  potassic  hydrate  (oomp..p.  496).  It  oombioes  with 
bromine,  forming  a  crystalline  dibromide,  CH^O.C^H^.CjH^Brj;  but  when 
submitted  to  the  action  of  phosphoric  pentachloride  it  furnishes  monodiloranethol, 
Cj^HjjClO  (Ladenburg,  Ann.  Chem.  Pharm.  Sup.,  viii.  87).  By  the  action  of 
stjrong  sulphuric  acid  and  of  several  other  reagents,  it  is  converted  into  what 
appear  to  be  polymeric  substanoeM  (Cahours;  Eraut  and  Sehlim,  Jakretb,  1863, 
55 1  ;  Purenoud,  Ann.  Chem,  Pharm,,  clxxxvii.  63).  On  oxidation  with  nitric  or 
chromic  acid,  it  yields  anisic  aldehyde,  C^H^(OCH,).COH,  and  anisic  or  pan- 
methoxybenzoic  acid,  C,H/OCH,).COOH  :  hence  the  C^K^  and  OCH,  group*  in 
anethoi  are  relatively  in  the  position  i :  4.  The  constitution  of  the  Cfi^  group 
has  not  yet  been  determined  (comp.  Erlenmeyer,  Deut.  chem,  €fes.  JBer,,  x.  6a8). 

(1595)  Simple  Ethers  dbbiveo  from  Polyhydbic  Alcohols. 
— Ethylenic  Oxide  :  CgH^O. — This  ether,  the  isomeride  of  acetic 
aldehyde,  was  first  described  by  Wurtz  in  1859,  who  obtained  it 
by  the  action  of  potassic  hydrate  on  the  chlorhydrin  of  glycol 
CH5CI.CH3.OH,  and  very  fully  investigated  its  properties.  Ac- 
cording to  Demole  (Ann.  Chem.  Pharm.,  clxxiii.  125)  it  is  more 
readily  prepared  in  the  following  manner : — 

A  mixture  of  i  mol.  proportion  of  a-dibromethane  (ethylenic  bromide),  and 
2  mol.  proportions  of  dry  potassic  acetate  and  twice  the  weight  of  the  latter  of 
80  per  cent,  alcohol  is  heated  for  15  hours  at  80° — 100°  (95° — 212*  P.)  in  a 
flask  attached  to  a  reversed  condenser.  The  potassic  bromide  which  separates 
is  then  filtered  off,  and  the  filtrate  distilled,  first  from  the  water  bath,  and  after- 
wards from  an  oil  bath.  The  portion  which  passes  over  between  170°  and  185® 
(338°— 365°  F.),  consisting  chiefly  of  the  monacetin  CH,(OH).CH,(C,H,0,), 
is  saturated  at  100^  (212**  F.)  with  hydrochloric  acid  gas,  and  the 
product  distilled.  The  impure  chloracetin,  CH,Cl.CH,(C,H308),  thos 
obtained  is  now  gradually  decomposed  with  pure  '  potassic  hydrate  in  a 
capacious  flask  well  cooled  externally:  the  portion  boiling  at  110° — 150^ 
(230° — 302**  F.)  being  employed  for  this  purpose;  the  use  of  pure  alkali  is  to 
be  recommended,  as,  if  carbonate  be  present,  carbonic  anhydride  is  evolved  to- 
wards the  end  of  the  operation,  and  occasions  the  loss  of.  much  of  the  highly 
volatile  ethylenic  oxide.  When  the  amount  of  potassic  hydrate  added  is  judged 
to  be  sufficient  to  eflect  the  complete  decomposition  of  the  chloracetin,  the  flask 
is  attached  to  a  reversed  condenser  which  is  in  connexion  with  a  receiver  cooled 
with  a  mixture  of  ice  and  salt ;  the  flask  is  thrn  slightly  heated  so  as  to  cause  a 
regular  evolution  of  gas.  This  operation  requires  considerable  care,  as  the  dis- 
engagement of  gas  may  become  so  rapid  as  almost  to  cause  an  explosion ;  but  this 
difficulty  may  perhaps  be  obviated  by  the  introduction  of  sand  or  pieces  of  platinum 
into  the  flask.  According  to  Demole,  it  is  not  advisable  to  dry  the  escaping 
vapours  by  passing  them  over  potassic  hydrate ;  the  dehydration  may  be  i^adily 
effected,  however,  by  distilling  the  product.  In  this  manner  from  6-8  grams  of 
the  ether  may  be  obtained  from  100  grams  of  bromide. 

Ethylenic  oxide  is  a  colourless  mobile  liquid  of  pleasant  odour, 

miscible   in   all  proportions  with  water  and  alcohol ;  it  boils  at 

iS'^'S  (56°-3  F-).  and  at  o^  (3^°  F.)  haa  the  sp.  gr.  -898,  When  kept, 

it  sometimes  passes  spontaneously  into  a  white  crystallinei  poly- 
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meride,  which  is  easily  soluble  in  water  and  alcohol,  and  melts  at  56® 
(132^*8  P.)  (Wurtz,  CompL  Rend.,  Ixxxiii.  1141).  Ethylenic  oxide 
has  marked  basic  properties,  exhibiting  in  many  of  its  reactions  the 
closest  resemblance  to  the  metallic  oxides,  such  as  calcic  oxide. 
Thus,  it  combines  slowly  with  water  at  ordinary  atmospheric 
temperatures  to  form  the  \alcohol  CH3(0H).CH,(0H),  and  it 
unites  directly  with  acids,  forming  with  hydrochloric  acid,  for 
example,  the  chlorhydrin  CH,CLCHg(OH),  the  combination  taking 
place  as  readily  as  that  of  ammonia  and  hydrochloric  acid,  and  with 
the  oxacids,  it  yields  acid  ethereal  salts,  such  as  the  sulphate, 
CH2(0H).CH,(0.S0,H),  and  acetate,  CH,(OH).CH3(O.C2H30) ; 
moreover,  it  enters  into  double  decomposition  with  the  salts  of 
magnesium,  aluminium,  iron,  copper,  and  other  less  positive  metals, 
precipitating  the  corresponding  hydroxides,  thus : 

MgCl,  -f  C^Ufi  -f  OH,  =  Mg(OH),  -h  C3HP.OH. 

„  fO.SO,.OH    .    CH,^  fOH    .    ^„fO.SO-.OH 

*ioH      ^  iuj^^^^'^^^m  +  ^Hon 

Magneiio  ralphate.         EthylAiiie  oxlda.  Hagneiio  hydroxide.     Bjdrio  ethylenic  sulphate. 

With  acetic  anhydride  it  forms  the  diacetate  (glycol  diacetin) 
CjH^(O.CjH30)2,  and  various  acetates  of  the  polyethylenic  alcohols, 
according  to  the  proportions  in  which  it  is  employed  and  the 
temperature  to  which  the  mixture  is  heated ;  and  by  heating  it 
to  TOO®  (2ia°)  with  hydric  sodic  sulphite,  sodic  oxethylsulphonate 
(isethionate)  is  produced  (Erlenmeyer,  Skits.  Chem.  [a],  iv.  34a)  : 

CH.^  CH,.OH 

I      ^O  +    SO.HNa  =    I     * 
CHj)  '  CH,(S03Na) 

When  submitted  to  the  action  of  nascent  hydrogen,  it  furnishes 
ethylic  alcohol:  C,H^O-|- 2H=CjH5.0H.  It  combines  with 
sulphuretted  hydrogen  at  100°  (212°  P.)>  forming  the  thio- 
alcohol  HO.CjH^.SH.  It  also  readily  enters  into  reaction  with 
ammonia  and  primary  amines :  thus,  when  it  is  mixed  with  a 
concentrated  aqueous  solution  of  ammonia,  a  powerful  action 
takes  place  in  a  few  minutes,  and  on  evaporating  the  product 
over  the  water  bath,  and  saturating  the  residue  with  hydro- 
chloric acid,  a  mixture  of  the  hydrochlorides  of  mono-,  di-,  and 
tri-hydroxethylenamine  is  obtained  (Wurtz).  The  relation  of 
these  compounds  to  ethylenic  oxide  will  be  evident  on  inspection 
of  the  following  formulse : 

?"^*°"  ^„fCH,.CH,.OH  p„  ^„. 

CH,NH,         ^^1CH,CH,0H         N(CH,CH,0H)3. 

•     S/dro^ethyleoMnine.  DlhydroxethyleDiniiiie.  Trihydroxethylenamiat.  i 
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In  a  similar  manner,  when  a  mixture  of  ethylenic  oxide  and 
aniline  or  paratoluidine  is  allowed  to  stand  for  some  days  at 
the  ordinary  temperature,  the  phenyl  and  tolyl  derivatiyes 
corresponding  to  hydroxethylenamine^  C2H^(OH).NH.CjHj  and 
CgH^(OH).NH.CgH^.CHjpare  gradnaUy  formed  (Demole,  loc.  «/.)• 
Ethylenic  oxide  unites  with  bromine,  forming  a  yellowish-red 
crystalline  compound  of  the  formula  C^HgO^Br^,  which  melts  at 
6^  (149°  P.),  and  boils  at  95®  (203°  F.),  yielding  an  orange* 
coloiired  vapour,  which  condenses  to  crystals  on  cooling.  By 
the  action  of  metallic  mercury,  or  of  sulphuretted  hydrogen,  the 
bromine  is  readily  withdrawn  from  this  compound,  and  it  is 
converted  into  diethylenic  dioxide,  the  formation  of  ^diich  may  be 
represented  by  the  equation  : 

CH,.O.CH„  CH2.O.CH- 

.      .      I  I    '  +  2Hg  =  I     '      (    '  +  HggBry 

CH5jBrCH,.0Br  CHj.O.CH,  '     ^ 

Below  9°  (48*'*2  P.)  it  is  a  colourless  crystalline  substance,  soluble 
in  water,  alcohol,  and  ether;  it  boils  at  loa®  (2i5°'6  P.),  and  at 
qO  ^^o  ji  j  ]jj^  ^Yie  sp.  gr.  1-048 ;  it  is  not  altered  when  heated 
with  ammonia,  and  acetic  anhydride  has  but  little  action  upon  it 
even  at  iao°  (248®  P.).  (Wurtz,  Ann.  Chem.  Pharm.,  cxxii.  354.) 
An  isomeric  compound,  ethylenic  eihylidenic  dioxide,  is  formed 
on  heating  a  mixture  of  ethylenic  alcohol  and  aldehyde  for  some 
days  at  100°  (aia""  P.) : 

CHj-OH  CH„.0^ 


-h  CH..COH  =   J  OH.CH,  +   OH, 

*  CH0.O)  *  * 


CH,.OH  ..xxj 


Although  formed  of  the  elements  of  a  molecule  of  ethylenic  oxide 
and  of  a  molecule  of  aldehyde,  this  compound  apparently  cannot 
be  directly  obtained  by  heating  these  two  substances  together 
to  100°  (a  12°  P.),  the  aldehyde  being  resinified  while  the  ethylenic 
oxide  remains  entirely  unchanged.  It  is  a  colourless  liquid, 
having  an  agreeable  but  rather  pungent  odour,  somewhat  resem- 
bling that  of  aldehyde,  easily  soluble  in  water ;  it  boils  at  82^-5 
(i 80^-5  P.),  and  at  o®  (32''  P.)  has  the  sp.  gr.  roo'2.  When 
heated  to  140°  (284^  P.)  with  acetic  acid,  it  yields  glycol  diacetin, 
0311^(0311303)3,  together  with  a  much  more  volatile  product 
having  a  pungent  odour  (?crotonic  aldehyde).  (Wurtz,  iWrf., 
cxx.  328.) 

(1596)  H0MOL00UE8  OF  Ethylenic  Oxide. — Veiy  little  ib  known  of  Ui€» 
oompoonds.  Fropylenic  oxide,  C.H^O,  prepared  by  the  action  of  potasik 
hydrate  on  the  chlorhydrin  of  propylenic  glycol,  CH,.CflaCIL(OH)„  boils  at 
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35**  (93**  F.),  and  at  o**  (32°  P.)  haathe  sp.  gr.  '859  (Oser,  ibid,,  tup.  i.  255); 
it  IB  converted  into  isopropylic  alcohol  by  the  action  of  nascent  hydrogen  (Lin- 
nemann).  According  to  Bauer  (ihid,,  cxv.  89),  the  amylenic  oxide,  C^Hj^O, 
prepared  from  amylenic  glycol  (from  'ordinary  amylene),  boiU  at  about  95^ 
(203^  F.) ;  it  18  insoluble  in  water,  and,  when  heated  with  it,  is  not  converted 
into  the  glycol ;  it  also  does  not  readily  enter  into  reaction  with  acetic  acid.  By 
the  action  of  argentic  oxide  on  the  diiodhexane  formed  by  combining  diallyl  with 
hydriodic  acid,  a  hexylenic  oxide,  C,Hj,0,  has  been  obtained  which  appears  to 
be  identical  with  that  produced  by  treating  diallyl  with  dilute  sulphuric  acid 
(p.  220);  it  boils  at  93" — 95°  (i99°'4 — 203°  P.).  A  number  of  homologues 
of  ethylenic  oxide  which  are  probably  idl  of  similar  consfatution  may  be  obtained 
by  heating  the  pinaoones  or  dihydric  alcohols  of  the  composition  [C(CQH|n4.|)2.0H], 
with  dilate  sulphuric  acid ;  thus  : 

C<CH^,OH    _  ^    C(OHJ 

CCCH^^OH  ^  C(CH.).^ 

PinaooDe.  Pinaoolin. 

These  pinaoolins  are  chiefly  of  interest  on  account  of  their  behaviour  with  nascent 
iiydrogen,  and  will  be  again  referred  to  when  the  ketones  are  described. 

(1597)  GLTCBftic  Ethes  OB  Allylic  Tbioxide:  (CjHJgO,. — This  com- 
pound, which  may  t>e  regarded  as  the  analogue  of  bismuthie  trioxide,  appears  to 
be  formed  on  distilling  glycerol  with  calcic  chloride,  and  as  a  by  product  in  the 
preparation  of  allylic  alcohol  from  glycerol  and  oxalic  acid.  It  is  a  colourless, 
filigbtly  viscid  liquid,  having  a  mint-like  odour,  soluble  in  about  twenty  parts  of 
water;  it  boils  at  169° — 173®  (336''*2 — 343**'4  P.)-  ^J  heating  with  water  to 
140°  (284°  P.),  it  is  reconverted  into  glycerol  (Linnemann  and  Zotta,  ^id,, 
sup,  viii.  257 ;  ToUens,  Deut  chem,  Ges.  Ber.,  v.  68). 

No  simple  ethers  derived  from  the  oroinolsin  the  same  manner  that  ethylenic' 
oxide  is  derived  from  glycol  have  been  prepared ;  such  compounds,  in  fkct,  are 
generally  supposed  to  be  incapable  of  existing,  as  all  attempts  to  obtain  bodies 
formed  by  the  displacement  of  more  than  one  hydrogen  atom  in  benzene  and 
analogous  hydrocarbons  by  the  same  radicle  have  been  unsuccessful.  The  only 
tfther  which  remains  to  be  mentioned  is  dipkewflenic  oxide,  C^,H,0,  which  is 
obtained  by  distilling  phenylic  phosphate  with  a  large  excess  of  lime  (Hoffmeister, 
ihid.,  ohx,  211).  It  crystellizes.from  alcohol  in  small  colourless  plates  having 
a  pleasant  odour,  which  melt  at  about  80^  (176°  P.) ;  it  boils  at  about  273^ 
(5  23^*4  P.).  It  is  a  body  of  remarkable  stability,  closely  resembling  phenyl 
ether,  from  which  it  may  be  regarded  as  derived  by  the  withdrawal  of  two 
atoms  of  hydrogen ;  thus  : 

•  •    0  I*  *io 

C.H.i  C.hJ 

Biphonyl  oxide.  Dipheuylene  oxide. 

(1598)  Mixed  Ethers  dbbivsd  fbom  Polyhydbic  and  Mokohydbic 
Alcohols. — These  compounds,  of  which  but  few  are  known,  are  the  analogues  of 
the  mixed  oxides,  such  as  sodic  zincic  oxide  (sodic  zincate),  Zn(ONa),,  formed  by 
the  action  upon  each  other  of  the  oxides  or  hydroxides  of  a  more  and  of  a  less 
positive  metal  Those  derived  in  this  manner  from  the  glycols  and  the  al- 
4X>hols  of  the  ethylic  series  are  prepared  by  the  action  of  the  monohaloid  de- 
rivatives of  the  paraffins  on  the  disodium  derivatives  of  the  glycols,  or  on  the 
monosodium  derivatives  of  the  ether-alcohols,  CnH,n(0H).CnH2n(0CnH,n  + 1)> 
derived  from  the  glycols,  the  latter  being  a  method  which  may  be  employed  for 
the  preparation  of  ethers  containing  three  dissimilar  radicles ;  for  examgle : 
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C,H^(ONa),  +    2C,H.I  =   C^,(OC^.),  +    2NaL 

DiBodic  ethylenate.  Ethylene  diethyl  ether. 

CH,(ONa).CH,(OC,HJ    +   CH.T   ='  CH,(OC,H,).CH,(OCHJ   +•   NaL 

Sodic  ethjlie  ethylenate.  Ethylene  methyl  ethyl  ether. 

A  number  of  mixed  ethers  derived  in  a  similar  manner  from  the  aldehydrola 
isomeric  with  the  glycols  are  obtained  by  the  direct  action  of  the  aldehydes  of 
the  acetic  series  on  the  alcohols  of  the  ethyUo  series ;  these  ethers  are  frequently 
termed  acetals : 

CH^COH   +   2C.H,.0H   =   OH,   +   CH,.CH(OC,HJ^ 

Aldehyde.  EthyUdene  diethyl  ether. 

The  ethers  thus  formed  from  the  dihydric  alcohols  of  the  CaH,a(OH),  series 
are  colourless  liquids  of  agreeable  odour,  and  exhibit  the  closest  resemblance 
in  properties  to  the  mixed  ethers  derived  from  monohydric  alcohols  of  the 
CnH,„  ^  j.OH  series. 

On  the  other  hand,  those  derived  from  the  glycols  and  phenols,  of  which 
ethylene diphenyl  ether  formed  by  the  action  of  a-dibromethane on  sodium  phenol: 
C,H^Br,+  2C,H,.0Na  =  C,H/0C,HJ,  +  2NaBr,  is  an  example,  manifest  pro- 
perties similar  to  those  of  anisol  or  methyl  phenyl  ether. 

Ethylene  diethyl  ether,  CH,(0C,H.).CH,(0C,H,),  is  a  mobile,  colourless 
liquid,  having  a  fragrant  ethereal  odour;  it  boils  at  123^*5  (253^*4  F.).  The 
isomeric  ethylidene  diethyl  ether  or  acetal,  CH,.CH(00,H^),,  which  is  one  of 
the  products  of  the  incomplete  oxidation  of  alcohol,  but  is  more  readily  prepared 
by  heating  a  mixture  of  aldehyde  and  anhydrous  alcohol  at  100^  (212°  F.), 
boils  at  about  105°  (221°  F.). 

These  two  ethers  cannot  be  advantageously  prepared  from  sodic  ethylate  and 
the  corresponding  dibromethanes,  as  these  latter  are  chiefly  converted  into 
bromethylene  when  thus  treated ;  and  whereas  a  certain  amount  of  aoetal  u 
formed  from  /3-dibrometbane  (ethylidene  bromide),  the  corresponding  /3-dichbr- 
ethane  furnishes  only  mouoohlorethylene  when  submitted  to  the  action  of  sodic 
ethylate. 

The  only  homologues  of  acetal  at  present  known  are  methylene  dimethyl 
ether  or  methylal  (format),  CH,(OCHJ,,  which  is  obtained  in  small  quantity 
by  distilling  methyliu  alcohol  with  sulphuric  acid  and  manganic  peroxide; 
ethylidene  dimethyl  ether,  CH,.CH(OC,H^)j,  prepared  in  a  similar  manner  from 
a  mixture  of  methylic  and  ethylic  alcohol,  but  more  readily  obtained  by  heating 
aldehyde  with  anhydrous  methylic  alcohol ;  and  ethylidene  methyl  ethyl  ethers 

{OCH 
^^  XX    which  is  formed  together  with  the  last-mentioned  ether  on 

oxidizing  a  mixture  of  methylic  and  ethylic  alcohols.  They  are  colourless 
liquids  like  acetal,  the  first  of  which  boils  at  42^  (i 07^*6  F.),  the  second  at 
about  64°  (i47°-2  F.),  and  the  third  at  about  85°  (185°  F.)  ;  methylal  dissolves 
in  thrice  its  volume  ol'  water,  but  may  be  separated  from  fche  solution  by  the 
addition  of  caustic  alkali ;  the  homologous  ethers  diminish  in  solubility  as  their 
molecular  weight  increases. 

The  ethers  derived  from  the  glycols  are  much  more  stable  compounds  than 
the  isomeric  ethers  derived  from  the  aldehydrols.  Like  most  ethers,  both  of  them 
resist  the  action  of  alkalies,  but  are  without  difficalty  decomposed  by  acids ; 
thus,  on  heating  aoetal  with  glacial  acetic  acid,  it  yields  ethylic  acetate  and 
aldehyde.  By  carefully  mixing  the  acetals  with  concentrated  sulphuric  acid, 
solutions  are  obtained  which  appear  to  contain  the  corresponding  aldnhydrols — 
or  acid  sulphates  formed  from  them — which  may  often  be  employed  in  effecting 
reactions  which  cannot  be  realized  by  directly  employing  the  ^ehydes  l  but  tbi 
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aldehydes  cannot  as  a  rule  be  separated  from  these  solations  since  they  rapidly 
undergo  change  under  the  influence  of  the  acid : 

CH,.CH(OC,H,),  +    2H,S0,   =   CH^CH(OH),  +    2C^..HS0,. 

AoeUl.  AldehydfoL 

When  exposed  to  moist  air  in  contact  with  platinum  black,  the  acetals  readily 
absorb  oxygen,  and  are  converted  first  into  the  corresponding  aldehydes,  and  then 
into  acids  of  the  acetic  series. 

It  has  already  been  pointed  out  (p.  429)  that  when  chlorine  is  passed  into 
aqueous  alcohol,  acetal  is  produced ;  Lieben  and  Paterno  have  shown  that  if  the 
action  of  chlorine  be  continued,  mono-,  di-  and  tri-chloracetal  are  formed.  If 
pure  acetal  be  submitted  to  the  action  of  chlorine,  much  heat  is  developed,  the 
chlorine  being  absorbed  with  avidity ;  if  the  acetal  be  carefully  cooled,  the  whole 
of  the  hydrochloric  acid  remains  in  solution,  but  on  distilling  the  product  when 
the  amount  of  chlorine  absorbed  corresponds  to  that  required  for  the  formation  of 
monochloracetal,  it  is  found  that  one  half  the  aoetal  is  unaffected,  and  that  the 
product  consists  almost  entirely  of  the  dichlorinated  derivative  (Pinner,  JDeut^ 
ckem.  Get.  Ber.,  v.  147).  Monohromacetal,  however,  is  readily  produced  on 
mixing  bromine  with  well  cooled  acetal  in  the  required  proportions ;  and  mono- 
chloracetal may  be  prepared  by  heating  dichlorether  (p.  672)  with  sodic 
ethylate. 

Monochloracetal:  CH,Cl.CH(Oa,HJ,  boils  at  157**  (3i4°-6  F.).  Mono- 
hromacetal:  CH,Br.CH(OC,HJ,,  is  a  colourless  liquid  insoluble  in  water, 
boiling  with  partial  decomposition  at  170"*  (338°  P.) ;  by  heating  it  for  twelve 
hours  at  160** — 180®  (320° — 356®  P.)  with  an  alcoholic  solution  of  potassio 
hydrate,  it  is  converted  into  the  ether-alcohol  CH,(OH).CH(OC  HJ,.  the  ethylic 
derivative  of  which  is  produced  on  heating  hromacetal  to  160  (3 20°  P.)  with 
a  concentrated  solution  of  sodic  ethylate.  Both  are  colourless  liquids  of  agreeable 
odour, boiling  at  167**  (332®'6  P.)  and  164*"  (327''*3  P.)  respectively;  they  are 
completely  decomposed  by  strong  acids,  without,  however,  furnishing  well 
characterized  products. 

Diehloracetal ;  CHCl,.CH(OCjH,),,  is  a  colourless  liquid  which  boils  at 
180"  (356**  P.) ;  on  distillation  with  sulphuric  acid,  it  furnishes  dichloraldehyde, 
CHClj.COH;  and  by  the  action  of  sodic  ethylate  at  160®  (320°  P.),  it  is  con- 
verted into  the  ether  CH(0C5jH,)j.CH(0CjH^,  derived  from  ethylic  alcohol  and 
the  tetrahydric  alcohol  (dialdehydrol)  CH(OH),.CH(OH), ;  this  ether  is  a 
colourless  fragrant  liquid,  insoluble  in,  and  lighter  than,  water,  and  boils  at  about 
180°  (356°  P.)  without  undergoing  decomposition  (Pinner,  loc,  cii.). 

TVichloracetal  is  formed,  although  in  small  quantity,  together  with  diehlor- 
acetal, by  the  action  of  chlorine  on  common  alcohol  at  80**  (176"  P.),  and  may 
be  separated  by  fractional  distillation ;  it  crystallizes  in  needles,  which  melt  at 
72**  (i6i°'6  P.),  and  boils  with  slight  decomposition  at  230°  (446°  P.).  This 
compound  is  perhaps  represented  by  the  formula  CHC1,.CC1(0C,H^)2,  as  it  is 
isomeric  with  the  trichloraoetal  produced  on  heating  tetraohlorether  (p.  672), 
CC1,.CHC1(0C,H,).  with  alcohol  in  sealed  tubes  at  100''  (212*  P.)  and  which 
therefore  has  the  formula  CCI,.CH,  (OC,HJ, ;  this  latter  is  a  colourless  liquid, 
which  boils  at  205°  (401^  P.);  when  decomposed  with  water  or  sulphuric  acid 
it  furnishes  trichloraldehyde  (Paterno  and  Pisati,  Oaz,  ckim,'  it<d.,  ii.  333 ; 
Wurtz  and  Vogt,  Compt  Bend,,  Ixxiv.  277). 

(1599)  Ethbbs  dbbtybd  fbom  thb  Obcinols  akd  Alcohols  of  the 
Ethylic  Sbbies. — These  ethers  are  prepared,  either  by  heating  an  intimate 
mixture  of  an  orcinol  with  potassic  hydrate  and  methylic  potassic  sulphate  or  one 
of  its  homolognes  in  sealed  tubes  to  about  160®  (320^  P.);  or  by  heating  the 
•orcinols  with  potassic  hydrate  and  an  iodoparaffin  at  i  oo°r-x  20** 
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or  by  digesting  the  sodium  or  potassium  derivatives  of  the  ether  aloohok,  such 
as  meth^lcatechol  (guaiacol),  C,H^(OH).OCH,,  with  an  iodoparaffin  and  the 
corresponding  alcohol — this  last  being  used  merely  as  a  solvent.  By  the  first 
mentioned  method,  Ulssiwetz  and  Habermann  {Ann,  Chem.  Pharm,y  olzxviL 
340)  and  Habermann  (Deut  chem.  Ges.  Ber.,  x.  867)  respectively  have  pre- 
pared the  dimethyl-derivatives  of*  quinol  (hydroquinone)  and  resorcinol;  the 
second  has  been  employed  by  de  Luynes  and  Lionet  {Compt.  Rend.,  Ixv.  213) 
in  preparing  the  derivatives  of  orcinol ;  and  dimethylcatechol  (dimethylpyrocate- 
chin)  and  dimethyl homocatechol  have  been  prepared  by  the  last  mentioned 
method,  the  former  having  also  been  obtained  by  distilling  the  modification  of 
dimethoxybenzoic  acid  derived  from  protocatechuio  acid  with  lime.  With  the 
exception  of  the  quinol  derivative,  which  is  a  crystalline  solid,  melting  at 
55** — 56°  (131** — 132°'8  F.),  they  are  said  to  be  colourless,  highly  refiractive 
liquids  of  not  unpleasant  odour,  insoluble  in  water ;  their  boiling  points  are  as 

follows : 

B.P.'C.  ^ 
Orthodimethoxybenzene,  or  catechol  dimethylin   .  \  I  205** — 206* 

Metadimethoxy  benzene,  or  resorcinol  dimethylin  .  >C,H/OCH,),<  214° — 215** 
Paradimethoxybenzene,  or  quinol  dimethylin   .    .  j  (  204** — 205* 

Orcmol  dimethylin I  nix  P  w  inru  \  /  240**— 250** 

Homocatechol  dimethylin /^^••^•*^«V^^i>«\  214**— 2i8* 

According  to  Koemer,  the  so-called  VeratroU  ^fiifit*  which  is  obtained 
on  submitting  a  mixture  of  veratrio  acid,  C^H^^O^,  and  baryta  to  dry  distillation, 
is  catechol  dimethylin,  veratiio  acid  being  identical  with  dimethyl-protocatechuie 
add.  It  is  a  crystalline  substance,  of  pleasant  aromatic  odour,  which  melts  at 
ij°  (59°  F.),  and  boils  at  about  205"*  (401"*  F.).  It  furnishes  crystalline 
nitro-  and  bromo-derivatives  (Merck,  Ann,  Chem,  Pha/rm,,  cviiL  58 ;  Eoemer, 
Gaz,  chim.  ital.,  vi.  142). 

According  to  de  Luynes  and  Lionet,  it  is  possible  to  displace  three  atoma  of 
hydrogen  in  orcinol  by  methyl  or  ethyl  by  heating  it  with  a  large  excess  of 
potassic  hydrate  and  of  methylic  or  ethylie  iodide;  the  trimethyl  derivative  is 
said  to  boil  at  about  250*"  (482°  F.),  and  the  triethyl  derivative  at  about 
265^  (509^  F.).  The  formation  of  ethers  derived  from  homolognes  of  orcind 
in  this  manner  appears  highly  remarkable,  and,  as  the  reaction  is  witfaoot 
precedent,  it  is  especially  deserving  of  further  investigation. 

§  11.  Ethea-Alcohols. 

The  ether-alcohols  are  compounds  formed  from  polyhydric  alcohols  ei&er  by 
the  abstraction  of  the  elements  of  one  or  more  molecules  of  water,  in  such  pro- 
portions, however,  that  one  or  more  of  the  hydroxyl  groups  remain  unaffected, 
or  by  the  displacement  of  one  or  more,  but  not  all,  of  the  hydrogen  atoms  in  the 
OH  groups  by  the  so-called  alcohol  radicles.  They  therefore  still  exhibit  the 
characteristic  properties  of  alcohols,  although  necessarily  of  alcohols  of  lower 
hydricity  than  the  polyhydric  alcohols  from  which  they  are  derived.  The 
so-called  glycide,  and  the  mon-  and  di-ethylins  of  glycerol  (glyoeiin)  are  examples 
of  the  two  classes  of  ethei^alcohols : 


CH   f 

CH,.OC,H. 
CH.OH 

CH^OCjH, 
CH.OH 

CHj.OH 

Qlyoide. 

CH,.OH 

Gljcerol-monethyUn. 

C/U2.UC«2H- 

Gljoerol-diethyUn. 

(1600)    Gltoidb:  C,H,0,. — To   prepare  this    compound,  epichlorhydrin 
(p.  542)  is  heated  with  potassic  acetate,  and  the  product  submi)^  to  fractional 
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disiniation ;  the  portion  which  boils  at  about  i68°  (334^*4  ^O*  ooiuisting  of 
the  acetate  C,H^O{C]H,Oj),  is  dissolved  in  ether,  decomposed  bj  pulverized 
sodic  hydrate,  and  tbe  glycide  neparated  by  distillation.  It  is  a  mobile  liquid, 
boiling  at  about  162°  (323^*6  F.),  soluble  in  all  proportions  in  water,  alcohol, 
and  ether ;  it  is  converted  into  glycerol  by  the  action  of  water  at  100°  (212**  F.), 
and  readily  combines  with  hydrochloric  acid  (Gegerfelt,  Bull.  Soc,  Ckim,  [2], 
zxiii.  160). 

'  The  so-called  mannitane  and  dulcitane  produced  by  heating  mannitol  and 
doloitol,  and  by  the  action  of  alkalies  on  the  chlor-  and  brom-hydnns  of  these 
akoholi  belong  to  the  class  of  ether-alcohols ;  but  little  is  known  of  their  pro- 
perties, however,  and  it  is  even  doubtful  whether  they  have  been  prepared  in  a 
pure  state,  as  they  are  all  amorphous  substances  (comp.  Bouchardat,  Ann.  CUm. 

-PAy-  [41  »▼".  146). 

(1601)  Ethxb-alcohols  dssiybd  fbox  Dihtdsic  Alcohols  of  ths 
OaH,„{OH),  Sbrieb.— Glycol  MonethpUn  :  CHs(OH).CH,(OCsHj.— This  com- 
pound is  prepared  by  dissolving  sodium  in  glycol,  and  heating  the  resulting 
monosodium  glycol  with  ethylic  iodide.  The  homologous  compounds  could 
doubtless  be  obtained  in  a  similar  manner.  It  is  also  formed  by  the  direct 
combination  of  ethylcnio  oxide  with  ethylic  alcohol.  It  is  a  colourless  liquid 
of  pleasant  etiiereal  odour,  and  boils  at  127^  (26o'''6  F.). 

Corresponding  compounds  derived  from  the  aldehyd^ls  do  not  appear  to  be 
capable  of  existing,  but  their  chlorinated  derivatives  may  readily  be  obtained 
by  combining  chlorinated  aldehydes  of  the  CnH^4.,.C0H  series  with  the 
alcohols  of  the  ethylic  series.  Thus  on  mixing  trichloraldehyde  or  chloral, 
CClj.COH,  with  absolute  alcohol,  a  considerable  amount  of  heat  is  developed, 
and  after  a  time  the  mixture  solidifies  to  a  mass  of  crystals  of  the  monethylin  of 
trichloraldehydrol  (so-called  cklaral-alcoholatey,  CCl,.CH{OH).OCaH,.  This 
compound  melts  at  56°  (i32*'-8  F.),  and  boils  at  about  115°  (239°  F.),  but  the 
vapour  appears  to  consist  of  a  mixture  of  chloral  and  alcohol ;  on  treatment 
with  acetic  chloride  it  is  converted  into  the  acetate  Ca,.CH(OC,H.).C,H,0„ 
and  when  distilled  with  phoi^)hono  pentaohloride  it  furnishes  tetrachlorether 
(p.  672). 

The  homologous  compounds  may  be  obtained  by  employing  the  homologues 
of  ethylic  alcohol.  According  to  Henry  {Deut,  chem,  Ght,  Ber.,  vii.  763),  the 
more  positive  the  alcohol  radicle,  the  greater  the  heat  developed  in  their  formation, 
more  heat,  for  example,  being  developed  by  the  union  of  chloral  with  methylic 
than  with  ethylic  alcohoL  Like  the  ethylin,  these  compounds  all  undergo 
dissociation  when  converted  into  vapour;  they  are  readily  decomposed  by 
sulphuric  aeid,  yielding  chloral  and  an  acid  ethereal  sulphate ;  and  they  are  also 
readily  decomposed  by  caustic  alkalies :  they  are,  in  fkct,  far  less  stable  bodies 
than  the  ether-alcohols  derived  from  the  glycols,  which  may  be  volatilized  un- 
changed. Chloral  also  forms  a  crystalline  ether-alcohol  with  mei-captan,  the 
composition  of  which  is  either  CC1,.CH(SH).0C,H.  or  CC1,.CH{0H).SC,H, 
(Martins  and  Mendelssohn-Bartholdy,  ibid,,  iii.  443). 

(1602)  Ethsk-alcohols  de2iyxi>  vbox  thx  Dihtdbic  Alcohols  of 
^^EUi  CnH,B^(OH),  Sbbibs. — ^A  number  of  ether-alcohols  derived  from  the  orcinols 
and  alcohols  of  the  ethylic  series  have  been  prepared  by  heating  the  orcinols  with 
potassic  hydrate  and  methylic  potassic  sulphate  or  the  moniodoparaffins.  The  . 
monomethylins  of  catechol  and  homocatechol  are  the  principal  constituents  of 
wood  tar  creasote,  and  are  known  respectively  as  guaiacol  and  creosol. 

Quaiaeol  or  CaUchol  Monomethylin :  C,H^{OH).OCH,  (OH :  OCH,  =  1:2), 
is  the  chief  constituent  of  the  portion  of  creasote  which  boils  at  about  200° 
(392**  F.) ;  it  may  be  artificially  prepared  by  heating  a  mixture  of  the  theoretical 
^oportions  of  catechol  (pyrocatechin),  potassic  hydrate,  and  potassia^ethylis 
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sulphate,  ra  Sealed  tubes,  at  170° — 180**  (338^—356*'  F.)  (Gorup-Beeanez, 
Ann,  Chem*  Pkarm.,  czlvii.  247).  Gnaiaool  is  a  colourless  liquid,  having  a 
peculiar  pleasant  aromatio  odour,  and  burning  taste;  it  boils  at  about  199^ 
(390*^*2  F.).  It  is  almost  insoluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether.  When  mixed  with  an  alcoholic  solution  of  ferric  chloride  it  produces 
an  emerald-green  colour.  Potassium  and  sodium  dissolve  in  it,  forming  oonre* 
spending  metallic  derivatives;  when  mixed  with  ammonia,  it  solidifies  to  a 
crystalline  mass;  whilst  with  ether  and  a  concentrated  alcoholic  solution 
of  potassic  hydrate,  a  crystalline  potassium  derivative  of  the  composition 
CyH,EO„C^HgOs  +  OH,  is  obtained.  It  also  yields  crystalline  metallic  d^va- 
tives  containing  metals  of  the  alkaline  earths.  These  metallic  derivatives  are 
all  very  soluble  in  water,  and  also  dissolve  in  alcohol  and  ether,  but  their  sola* 
tions  are  extremely  unstable,  and  readily  decompose  on  exposure  to  the  air. 
Guaiacol  reduces  gold  and  silver  salts  to  the  metallic  state.  When  heated  with 
hydriodic  acid,  it  yields  catechol  and  methylic  iodide ;  and  by  distilling  it  over 
heated  zinc  dust,  methyl  phenyl  ether,  or  anisol,  C^H^.OCH,,  is  produced. 

•  Oreosol  or  Somocateckol  Monomethylin :  CH,.C,H,(OH).OCH,,  which  is 
chiefly  contained  in  the  portion  of  creosote  boiling  at  about  220°  (428^  F.), 
manifests  the  closest  resemblance  in  its  properties  to  catechol.  By  oonvertinjg 
it  into  the  dimethyl  ether,  CH,.C0H,(OCH  J,,  by  digesting  its  potassium  de- 
rivative  with  methylic  iodide,  oxidizing  this  ether  with  potassic  permanganate, 
and  fusing  the  resulting  dimethoxybenzoic  'acid  with  potassic  hydrate.  Sic.,  the 
modification  of  dioxy benzoic  acid  known  as  protocatechuic  acid  is  obtained,  thus 
proving  that  the  methyl  and  OH  groups  in  homocatechol  occupy  the  relative 
positions  CH,  :  OH  :  OH  =  1:3:4  (Tiemann  and  Mendelsohn,  Deut,  chem. 
Ges,  Ber.,  viii.  1136) ;  and  by  oxidizing  acetocreosol,  CH,.C,H,(OCHJ.C^,0^ 
with  potassic  permanganate,  and  subsequently  displacing  the  acetyl  group  in  the 
resulting  acid  by  hydrogen  by  heating  it  carefully  with  sodic  hydrate,  va»Ulie 
acid,  C,H,(OH)(OCH,).COOH,  is  obtained,  in  which  (q.v.)  the  OCH,  group 
has  been  shown  to  occapy  the  meta  position  relatively  to  the  COOH  group : 
hence  the  constitution  of  creosol  is  represented  in  the  formula  CH, :  OCH, :  OH  == 
1:3:4  (ibid,,  X.  58). 

The  monomethylin  of  resorcinol  is  a  liquid  which  may  be  cooled  to  —  1 7**'5 
('5°  F.)  without  solidifying;  it  boils  at  about  244°  (47i°'2  F.),  and  unlike 
guaiacol  does  not  volatilize  in  a  current  of  steam.  Its  aqueous  solution  is 
coloured  violet  by  ferric  chloride  (Habermann,  ibid.,  x.  868). 

Quinol  (hydroquinone)  monotnethylin  forms  prismatic  crystals,  which  melt 
»<J53°(i27**'4F-);  it  boils  at  about  243**  (469°-4  F.).  and  is  but  slightly 
volatile  in  a  current  of  steam.  It  is  obtained,  together  with  quinol  and  a  glucose, 
on  heating  arbutin  with  dilute  sulphuric  acid,  and  may  be  prepared  artificially  by 
heating  quinol  with  potassic  hydrate  and  potassic  methylic  sulphate  ^Hlasiwetz 
and  Habermann,  Ann,  Chem.  Fharm,,  clxxvii.  334). 

The  monomethylin  and  monethylin  of  orcinol  are  said  to  be  liquid  substances 
(de  Luynes  and  Lionet). 

(1603)  EuoENOL:  C,H^.C,H,(OH).OCH,.— This  compound  is  the  chief 
constituent  of  oil  of  cloves.  It  is  a  colourless,  highly  refractive  liquid,  of  pleasant 
aromatic  odour;  it  boils  at  247*^*5  (477°'5  ^*)»  ^^^  <>^  distillation  is  partially 
converted  into  a  resinous  polymeride.  It  has  the  sp.  gr.  1*0779  ^^  ^°  (3^^  ^O' 
and  1-0630  at  i8°'5  (65°*3  F.).  It  dissolves 'in  alcohol,  ether,  and  acetic  itcid, 
but  is  almost  insoluble  in  water;  the  i^lcoholic  solution  is  coloured  blue  by  ferric 
chloride.  Although  without  action  on  vegetable  colours,  it  dissolves  in  alkalies, 
and  furnishes  a  number  of  crystalline  metallic  derivatives  corresponding  in  oom'r 
position  to  the  potassium  derivative  C3H^.G^H,(0K).0CH..  When  it  is  heated 
with  hydriodic  acid,  methylic  iodide  is  produced.     Ou  digestion  with  pptfttsio 
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hydrate  and  ethylic  bromide  it  is  converted  into  the  ether  CfiyC^lBiJ[OCfi^).OCH^; 
this  boilA  at  254^  (4^9°' 2  F.),  but  is  partially  converted  into  a  oryatalline 
polymeride,  melting  at  125°  (257*  F.).  When  oxidized  with  chromic  acid 
mixture,  it  is  converted  into  the  acid  C,H,(0CH,)(0C,H3).C00H,  which  yields 
protocatechuic  acid,  C^H,(OH)j.COOH,  on  digestion  with  hydriodic  acid  solution 
at  120° — 130**  (248°— 266°  F.)  (Erlenmeyer  and  Wassermann,  Ann,  Ckem, 
"PKarm.  dxxix.  366).  By  digesting  eugenol  with  acetic  anhydride,  acetoeugenol, 
C,Hj.C^Hj(OCH,)C,H,0,,  is  produced,  which  on  oxidation  with  potasaic  perman- 
ganate yields  a  mixtureof  the  acetyl  derivatives  of  t)a»»^Z»»,C,H,(OH)(OCH^)COH, 
vanillic  acid,  C,H,(0H)(0CHJ.C00H,  and  of  the  homologous  acid  a-homo- 
vanillic  acid,  C.H3(0H)(0CH,).CH,.C00H  (Tiemann  and  Nagai,  Deut.  chem. 
Ges.  Ber,,  ix.  52,  418  ;  x.  201).  The  formation  of  protocatechuic  acid  and 
of  vanillin  (q.v.)  from  eugenol  is  a  proof  that  the  side  chains  are  relatively 
in  the  position  CgH^ :  OCH, :  OH  =  1:3:4,  whilst  the  formation  of  d-homo- 
vanillic  acid  renders  it  not  improbable  that  the  C  H^  group  has  the  conrttitution 
CH,.CHz=CH,. 

(1604)  Ethee-alcohols  DEBiVED  FBOU  Glyceeol. — These  compounds  are 
formed  by  the  action  of  the  sodium  derivatives  of  alcohols  of  the  ethylic  and 
other  series  on  the  chlorhydrins  of  glycerol  (glycerin),  but,  as  yet,  very  few  have 
been  prepared.  Thus  by  the  action  of  sodic  ethylate  on  the  monochlorhydrin,  the 
monetht/lin  CjHj(OH),.OC,H,  is  produced,  and  the  dichlorhydrin  may  be 
converted  into  the  diethylin  C,Hg(OH)(OC,HJ,  in  a  similar  manner ;  both  are 
liquid  substances,  and  boil  respectively  at  about  230^  (446^  F.)  and  191° 
(375°'^  ^O*  ^y  dissolving  sodium  in  the  latter,  and  then  submitting  the 
product  to  the  action  of  ethylic  iodide,  the  triethylin  OfiJ^OCfi.^^  is  produced, 
which  boils  at  about  185°  (365^  F.).  The  first  of  these  compounds  is  soluble 
in  water,*  the  second  is  but  slightly  soluble,  and  the  third  insoluble.  Glycerol 
triethylin  and  the  homologous  compounds  may  also  be  obtained  by  heating 
acrylic  aldehyde  with  the  alcohols  of  the  ethylic  series  (Ahlsberg,  Jahresh,, 

1864.494).^ 

By  the  withdrawal  of  the  elements  of  a  molecule  of  water  from  glycerol 
monethylin  and  its  homologues,  a  series  of  ethers  derived  from  glycid  may  be 
obtained :  C,H,(OH),.OC,H,  -  OH,  =  C,H,O.OC,H,. 

These  ethers  are  prepared  by  the  action  of  potassic  or  sodic  hydrate  on  the 
chlorinated  compounds  formed  from  the  monethylin,  <&c.,  by  displacing  one  of  the 
two  OH  groups  by  chlorine ;  these  latter  bodies  being  obtained  either  by  the 
action  of  hydrochloric  acid  on  the  monethylin  or  one  of  its  homologues,  or  by 
heating  a  mixture  of  epichlorhydrin  and  an  alcohol  of  the  ethylic  series,  or  by 
combining  the  ether  of  the  C,H^.OGnH,Q  4.  ^  series  with  hypochloroas  acid. 

JEthyl  glycidic  ether,  G^H^O.OO^H^,  is  a  colourless  liquid  of  pleasant  ethereal 
odour,  and  pungent  taste,  boiling  at  about  128^  (262^*4  F.).  The  glycidic  ethers 
combine  with  the  haloid  acids,  even  at  ordinary  temperatures,  and  at  more 
elevated  temperatures  with  water  and  the  oxacids  in  precisely  the  same  manner 
as  bodies  like  glycid  and  epichlorhydrin  (Reboul,  Aniu  Chem.Pka/rm.,  sup.  i.  2 1 8 ; 
Henry,  Beut.  chem.  Ges.  Ber.,  v.  449). 

The  cnide  allylic  alcohol  obtained  by  distilling  a  mixture  of  glycerol  and 
oxalic  acid  contains  a  substance  of  high  boiling  point,  which  is  apparently  the 
tnanallylin  of  glycerol,  C,Hg(0H),.0C3Hj ;  it  is  a  viscid  liquid,  soluble  in  water, 
but  separable  from  the  solution  by  the  addition  of  potassic  carbonate.  On  dia- 
tillation  it  boils  at  225**— 240°  (437^—464**  F.),  but  is  partially  decomposed 
with  formation  of  allylic  alcohol.  It  combines  with  bromine  (Tollens,  Deut^ 
chem.  Ges.  Ber.,  v.  68). 

(1605)  Ethee-alcohols  DBEivBD  FEOM  Ptbooallol. — By  heating  a  mix- 
ture of  pyrogallol,  potassic  hydrate,  potassic  ethylic  sulphate  and  absolute  alcohol 
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in  closed  vessels  at  lOo'  (212^  F.),  Benedikt  (ihid.,  iz.  125)  has  obtained  a 
mixture  of  the  mon-  and  di-ethylin.  Pp^gallol  monethylin,  C^H,(OH)j.OCjH^, 
orystallizes  from  water,  in  which  it  is  difficultly  soluble,  in  fine  needles  which  melfc 
at  95*  (203°  P.).  Fyrogallol  diethylin,  C.H,(OH)  (OC,H,),,  is  liquid  even 
at— 10**  (14''  P.);  it  boils  at  262°  (503**'6  P.).  Both  compounds  are  volatile 
with  the  vapour  of  water.  £thylio  iodide  is  entirely  without  action  on  pyrogallol 
at  120°  (248"  P.). 

At  present  we  are  not  acquainted  with  any  ether-alcohols  derived  from  tetra-, 
penta-  or  hexahydric  alcohols. 

§  III.  Thb  Glvcosidvs. 

(1606)  This  name  is  applied  to  a  large  number  of  bodies  having 
the  one  property  in  common  of  furnishing  a  glucose  and  one  or 
more  other  products  when  heated  with  water  and  an  acid^  their  de- 
composition in  this  manner  being  invariably  the  consequence  of  the 
addition  of  the  elements  of  water  to  the  compound,  which  becomes 
thereby  resolved  into  simpler  compounds;  thus  salicin,  when 
heated  with  dilute  hydrochloric  or  sulphuric  acid,  is  converted  into 
a  dextroglucose  and  the  alcohol  saligenol  (saligenin) : 

Ci3HgO,  +  OH,  =  C,H,(OH).CH,(OH)   +   C.H.p,. 

Salioin.  SoIigcnoL.  Olacose. 

This  behaviour  indicates  the  close  connexion  of  the  glucosides  with 
the  ethers  and  ether-alcohols. 

The  resolution  of  many  of  the  glucosides  into  glucose,  &c.,  may 
be  effected  at  ordinary  temperatures  by  the  aid  of  certain  so-called 
unorganized  ferments  acting  in  presence  of  water,  these  ferments 
being  mostly  met  with  in  the  same  plant  as  the  glucosiSes  they 
are  capable  of  decomposing.  The  power  of  these  ferments  to 
induce  decomposition  is  usually  restricted,  however,  a  given 
ferment  having  only  the  power  of  influencing  the  decom-> 
position  of  a  limited  number  of  more  or  less  closely  related 
glucosides. 

In  a  few  cases,  it  has  been  shown  that  the  glucose  furnished 
by  certain  glucosides  is  sucrodextrose,  but  in  the  majority  of  cases 
the  glucose  produced  has  not  been  sufficiently  examined  to  esta- 
blish its  identity,  and  a  more  careful  study  of  the  glucoses  horn 
the  various  glucosides  is  much  to  be  desired  (comp.  p.  582).  The 
accessory  product  or  products  furnished  by  the  glucosides  are  of 
the  most  diverse  character ;  in  fact,  of  the  large  number  of  com- 
pounds included  in  the  group,  the  majority  bear  little  or  no  relation 
to  each  other  in  constitution. 

The  following  account  refers  chiefly  to  the  better  known 
glucosides,  which  are  described  in  alphabetical  order  :^  , 
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JBsculin:  Q^^fi^, — ^This  glacoside  is  found  in  the  bark  of  the  horse 
chestnut,  and  in  other  species  of  JEscuIim  and  Pavia,  where,  according  to 
Stokes,  it  exists  associated  with  another  fluorescent  compound,  paviin,  which 
closely  resembles  sesculin,  but  is  much  more  soluble  in  ether.  iGsculin  may 
readily  be  prepared  by  precipitating  a  decoction  of  horse  chestnut  bark  with 
alum  and  a  slight  excess  of  ammonia,  evaporating  the  clear  solution  to  dryness 
at  loo^  (2 1 2°  F.)  and  extracting  with  boiling  alcohol.  The  crystals  obtained  on 
concentrating  the  extract  are  purified  by  recrystallization.  It  crystallizes  in  colour- 
less needles  which  have  a  bitter  taste,  and  melt  at  about  160°  (320°  F.).  It  is 
almost  insoluble  in  ether,  and  only  slightly  soluble  in  cold  water  or  alcohol ;  it 
dissolves  more  readily  in  boiling  water  or  alcohol.  The  solutions  exhibit  a 
beautifiil  sky-blue  fluorescence,  which  is  augmented  by  alkalies,  but  is  destroyed 
by  acids.  With  plumbic  subacetate,  it  gives  a  yeUow  precipitate.  By  boiling 
with  acetic  anhydride  it  is  converted  into  kexacetyUesculin,  Cj,H^(CgHjO)^0,, 
whilst  with  aniline  it  gives  trianilasculin,  CjjHj^O,(C,Hj.N),. 

^sculin,  when  boiled  with  dilute  sulphuric  or  hydrochloric  acid,  or  when 
snbmitted  to  the  action  of  emulsin,  is  decomposed,  yielding  asctiletin  and  a 
glucose :  C^H^^O,  +  OH,  =  C^H^O^  +  C^Hj,0^.  On  concentrating  the  solution 
and  allowing  it  to  cool,  the  SBsculetin  is  deposited  in  the  crystalline  state. 
When  pure,  it  forms  colourless  silky  needles  and  plates  containing  water  of 
crystallization,  which  they  lose  at  100^  (212°  F.).  It  then  melts  above 
270^  (518°  F.),  and  distils  without  decomposition  at  a  higher  temperature, 
^sculetin  is  but  very  slightly  soluble  in  cold  water  or  alcohol,  and  almost 
insoluble  in  ether.  It  is  readily  soluble,  however,  in  dilute  alkaline  solutions, 
but  is  reprecipitated  unchanged  on  the  addition  of  an  acid.  Plumbic  acetate 
precipitates  its  solutions  of  a  pale  yellow  colour.  Its  aqueous  solution  is 
coloured  dark  green  by  ferric  chloride.  By  the  actioli  of  acetic  anhydride  or 
diloride,  or  of  anilin,'  sesculetin  is  converted  into  triacetjfiasctdetin, 
C,H,(C,H,0),0^,  or  into  trianilasculetin,  C.H^O(C,H.I^),.  When  sesculetin 
is  heated  with  potassic  hydrate  it  yields  formic  and  protocatechuic  acids : 
(?)  C,H.O,+  20H,  +  0,  =  C,H,(0H),.C00H+  2CH,0,. 

On  boiling  sesculetin  with  hydric  sodic  sulphite,  it  is  converted  into  an  isomeric 
body,  which  combines  with  the  sulphite  to  form  a  crystalline  compound  of  the 
formula  2C^H^0^,HNaS0,  +  OH,.  On  decomposing  this  with  dilute  sulphuric 
acid,  Ac.,  the  new  compound,  parasculetin,  is  liberated.  It  is  extremely 
soluble  in  water,  from  which  it  may  be  obtained .  in  indistinct  crystals  having 
the  formula  2C^BLfi^,^0B.^.  Exposed  to  the  action  of  ammonia,  it  becomes 
first  red,  then  violet,  and  ultimately  sky-blue.  Rochleder  assigns  to  this  blue 
compound  the  formula  C,H,NOj,  and  from  its  analogy  to  orcein,  calls  it  asarcetn, 
Paraesculetin  is  not  acted  on  by  acetic  anhydride,  but  is  more  readily  converted 
into  the  trianilid,  C,H^0(C,Hg.N)3  than  CBsouletin.  It  is  an  extremely  powerful 
reducing  agent,  precipitating  cuprous  oxide  from  cupric  tartrate  solution,  even 
in  the  cold.  Schiff  {Ann.  Chem,  Pharm.,  clxi.  71)  has  suggested  that  the 
constitution  of  sesculin,  rasculetin,  and  parsdsculetin,  may  be  expressed  by  the 
following  formulae : 
(  COH 
(CH.OH)^  rOH  (OB 

C(OH)  I  ^•^^  \  C(OH)  ^-^^  <i  COH 

C(OH)  (COH  (cOH 

COH 

£floaUn.  JBflculetiii.  Parasooletln. 

These  formulae,  however,  are  not  altogether  in  accordance  with  what  is  known 
of  the  bodies  in  question.     Thus  Schiff  has  himself  shown  that  acetic  anhydrida 
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ia  without  action  on  paneseuletin,  whereas  a  compound  having  the  above  formula 
should  yield  a  monacetyl  derivative.  Moreover,  the  group  C.OH  is  a  djad 
radicle,  and  unless  it  be  supposed  that  the  two  C.OU  groups  which,  according  to 
Schiff,  are  to  be  assumed  as  present  in  sBsculin  and  sesculetin,  are  in  combination^ 
these  compounds  must  be  regarded  as  primarily  derived  from  a  hydrocarbon 
C,Hg,  whereas  parsBsculetin,  according  to  Schiff 's  formula,  would  be  a  benssene 
derivative ;  but  it  is  not  probable  that  a  benzene  derivative  would  be  formed 
from  a  derivative  of  the  hydrocarbon  C^H,  by  the  action  of  a  powerful  reducing 
agent  like  hydric  sodic  sulphite. 

According  to  Bochleder,  there  are  in  the  seeds  of  the  horse  chestnut 
numerous  other  substances  allied  to  sesculetin,  or  which  may  be  obtained  from  it 
by  the  action  of  various  reagents,  such  as  asciffenin,  argyrascin,  (Bscinic  acid, 
aphrodescin,  ascorcin,  Ac.  (Bull.  8oc.  Chim.  [2],  ix.  383). 

AfMfgdalin  :  C^H^Oj^. — This  glucoside  is  contained  in  the  leaves  and 
other  parte  of  many  of  the  Amygdalacea  and  Pomacea  and  other  plants  which 
Ornish  hydrocyanic  acid  on  distillation  with  water,  but  especially  in  bitter 
almonds,  from  which  it  may  readily  be  obtained  by  expressing  the  oil,  extracting 
the  paste  with  alcohol,  decanting  from  any  oil  that  may  be  deposited,  and  then 
ooncentrating  the  extract  by  distillation  to  about  half  its  vohime.  On  adding 
ether  to  the  solution,  the  amygdaJin  is  precipitated,  and  may  be  purified  by 
crystallization  from  boiling  alcohol.  It  forms  pearly  scales,  which  are  insoluble 
in  ether,  but  very  soluble  in  water,  crystallizing  from  the  latter  in  slender  prisma 
containing  3  mols.  of  water  uf  crystallization ;  the  aqueous  solution  exerts  a> 
Iffivorotatory  action  on  polarized  light.  The  alkaline  hydrates  convert  amygdalin 
into  amygdalic  acid,  with  evolution  of  ammonia;  whilst  on  digestion  with 
dilute  hydrochloric  acid,  it  yields  glucose  and  mandelic  acid.  This  latter 
compo<md,  however,  is  not  an  immediate  product,  but  is  derived  from  cyanbenzylic 
alcohol  which  is  first  produced;  and  it  is  not  improbable  also  that  a  saccharon, 
.  and  not  a  glucose,  is  formed  in  the  first  instance  together  with  the  cyanbenzylic 
alcohol.  By  the  action  of  acetic  anhydride  on  amygdalin,  seven  atoms  of 
hydrogen  are  displaced  by  the  group  C,H,0,  giving  rise  to  heptacetylamygdalin, 
C^H,^(G,HgO,)^NO^  (Schiff),  a  substance  crystallizing  in  colourless  silky  needles; 
emulsin  acting  on  amygdalin  in  aqueous  solution  causes  it  to  split  up  into  benzoic 
aldehyde,  hydrocyanic  acid,  and  a  dextroglucose  (comp.  p.  582). 

The  constitution  of  amygdalin  and  of  the  compounds  derived  from  it  may 
be  represented  by  the  following  formulse  : 

C.H.  C.H. 

CH(CN).O.C„H„0,(OH),         CH(COOH).O.C,^p,(OHV 

Amjgdalin.  Amygdalic  add. 

C.H,  C.H.  C.H. 

CH(CN).OH  CH(OH).COOH  COH 

Cjanbenzylic  alcohol.  Maudelio  acid.  Benioic  aldehyde. 

Apiin :  (?)  C^^H^O^. — ^This  glucoside  may  be  extracted  from  common 
parsley  (Apium  petroselinum)  by  means  of  boiling  water.  It  always  separates 
from  its  solutions,  when  they  are  allowed  to  cool  slowly,  as  a  gelatinous  mass 
consisting  of  fine  needles.  It  melts  at  180°  (356^  F.);  is  soluble  in  boiling 
alcohol,  but  insoluble  in  ether.  Its  apparent  specific  rotary  power  in  a  faintly 
alkaline  solution  is  (?)  [a]j  =  +  i73°»  Apiin  when  boiled  with  hydrochloric 
acid  deposits  apigenin  in  yellow  flocks,  which  may  be  obtained  in  pearly  plates 
by  crystallization  from  alcohol.  At  the  same  time,  a  glucose  is  formed 
amounting  to  41— 45  per  cent,  of  the  apiin,  but  probably  a  saccharon  is  the 
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immediate  prodact  of  deoompoBition.  An  aqueons  tiolution  of  apiin  gives  a 
blood-red  ooloar  with  ferrous  salts:  this  reaction  is  so  delicate  that  it  may  be 
•mi^oyed  to  detect  the  presence  of  very  minute  traces  of  the  glaooside ;  ferric 
salts  produced  a  brownish-red  coloration. 

Apigenin  is  perhaps  represented  by  the  formula  C„Hj^O, ;  it  sublimes 
without  melting  at  292*--295°  (557®'6— 563°  F.),  but  with  partial  decomposi- 
tion. Like  apiin,  it  is  dissolved  by  alkalies,  and  also  furnishes  a  yellow  precipi- 
tate with  basic  plumbic  acetate,  but  it  does  not  reduce  an  alkaline  solution  of  a 
copper  salt.  On  oxidation  with  nitric  acid,  apiin  yields  oxalic  acid  and  trinitro- 
phenol ;  when  it  is  fused  with  potassic  hydrate,  phloroglucol  is  obtained  together 
with  an  acid  which  on  further  fusion  with  the  alkali  is  converted  into  proto- 
oatechuic  acid  (Gerichten,  Deut,  chem,  Ghs.  3er.,  ix.  1121). 

ArbtUin:  C„H^Oj^,  is  a  colourless,  bitter,  crystalline  substance  discovered  by 
Kawalier  in  the  leaves  of  Aretattapkylos  uva  urn,  and  by  Zwenger  and 
Himmelmann  in  the  leaves  of  Pyrola  umbdlata.  Under  the  influence  of 
enmlsin,  or  when  it  is  boiled  with  dilute  sulphuric  acid,  it  is  split  up  into 
quinol  (hydroquinone),  quinol  monomethylin  (methylhydroquinone),  and  a  glucose 
(Hlasiwetz  and  Habermann,  Ann,  Chem.  PAarm.,  clxxvii.  339) : 

^u^zfiu  +   aOH,   =   C.H,(OH).   +    n  H,(OH).OCH,   +    2C,H„0.. 

Arbattn.  Qainol.  Qalaol  monomethylin.  Glncoae. 

The  glucose  thus  obtained  is  crystalline,  and  is  said  by  Kawalier  to  have  all  the 
properties  of  sucrodextrose ;  its  rotatory  power  has  apparently  not  been  determined. 

Arbutin  may  be  prepared  by  precipitatbg  the  aqueous  decoction  of  the  leaves 
with  basic  plumbic  acetate,  removing  the  excess  of  lead  from  the  cloar  filtered 
solution  by  hydric  sulphide,  evaporating,  and  extracting  the  arbntin  from  the 
residue  by  a  mixture  of  8  parts  of  ether  and  i  of  alcohol.  It  crystallizes  in 
tufls  of  needles  which  melt  at  170°  (338^  F.);  it  is  very  sparingly  soluble  in 
ether,  but  easily  in  alcohol  and  in  boiling  water.  Its  aqueous  solution  is 
coloured  blue  by  ferric  chloride  (SchifP).  When  arbutin  is  distilled  with 
manganic  dioxide  and  sulphuric  acid,  quinone  passes  over;  also  on  passing 
chlorine  into  its  aqueous  solution  a  crystalline  precipitate  of  a  chlorinated  quinone 
is  produced.  It  dissolves  in  strong  nitric  acid,  and  the  addition  of  alcohol  to  the 
solution  causes  a  deposit  of  yellow  needles  consisting  of  tetraniiroarbuiin, 
C^H^(NO,)^Oj^  +  3|0Hj.  This  derivative  is  very  Mluble  in  water,  less  so  in 
alcohol,  and  insoluble  in  ether;  as  already  noticed  (p.  526),  it  is  said  to  yield 
dinitroquinol  (dinitrohydroquinone),  when  boiled  with  dilute  acids.  Benzoic 
chloride,  as  also  acetic  chloride  or  acetic  anhydride,  act  readily  on  arbutin,  with 
formation  of  benzoyl  and  acetyl  derivatives  of  arbutin  apparently  of  tlie  com- 
position Cjj,H^O,^(C,H^O)j^  and  C^H^O^/CjH.O)^,.  Tetranitroarbutin  also 
yields  a  corresponding  acetyl  derivative  (Schiff,  ibid,,  cliv.  237). 

On  adding  freshly  precipitated  argentic  carbonate  in  slight  excess  to  a  solution 
of  arbutin  at  a  temperature  of  about  50*^  (122^  F.)  and  heating,  a  solution  is 
obtained  from  which — after  the  removal  of  the  dissolved  silver  by  hydrochloric 
acid — alcohol  precipitates  white  crystalline  flocouli  of  diarbutin,  which  appears 
to  be  related  to  arbutin  in  the  same  manner  as  helLcoidin  is  to  salicin ;  it  is  not 
coloured  by  ferric  chloride  (Schiff,  loc,  cit,). 

It  is  difficult  to  assign  a  formula  to  arbutin  which  is  in  accordance  with 
what  is  at  present  known  of  its  properties.  As  it  affords  a  blue  colour  with  ferric 
chloride,  and  nitroarbutin  is  capable  of  forming  metallic  derivatives,  it  appears 
that  one  of  the  OH  groups  of  the  quinol  molecule  is  intact,  and  therefore  that  it 
is  derived  firom  a  saccharon  as  indicated  by  the  formula : 

c.A.o.(OH).{S:S:S:.SS«^ 

g  y  Y  Digitized  by  VjOOQ IC 


690  GLUCOSIDES.  [1606. 

but  a  compound  of  this  formula  has  the  composition  C^^H^O^,,  whiliit  tbai  of 
arbutin  is  said  to  be  Cg^H^^Oj, ;  moreover,  it  contains  only  seven  OH  gronps, 
whereas,  according  to  SchiiTs  analyses  of  the  acetyl  and  benzoyl  derivativea  of 
arbutin  it  would  appear  that  it  contains  at  least  ten  OH  groups. 

Amicin  :  Cj^H^O^  (?). — A  non-crystalline  bitter  substance  extracted  from 
the  various  parts  of  Arnica  montana.  According  to  Walz,  it  is  decom potted  by 
boiling  with  dilute  acids,  yielding  dark-coloured  flocks  and  a  substance  capable 
of  reducing  an  alkaline  solution  of  a  cupric  salt. 

Aurantiin  :  O^H^O^,,  a  glucoside  found  in  the  flowers  of  Citrus  decumana. 
It  formssmall  yellow  monoclinic  prisms,having  the  composition  C^H^O,,  +  4OH,, 
and  melting  at  1 7 1*^  (339^*^  ^O*  ^^  ^"^  ^"  intensely  bitter  taste,  is  very  soluble 
in  hot,  but  only  slightly  in  cold  water.  It  dissolves  in  alkalies,  and  yields 
a  glucose  when  boiled  with  dilute  acids ;  its  aqueous  solution  is  coloured 
brownish-red  by  ferric  chloride  (Hoffmann,  Deut.  chem.  Gres.  Ber,,  ix.  690). 

Bryonin  :  O^^E^fi^^  (?),  a  bitter  non-crystalline  compound  fiom  the  root  of 
the  Bryonia  dioica,  is  decomposed  by  boiling  with  dilute  acids  into  a  glucoi-e  and 
two  amorphous  substances,  bryoretin  and  hydrohryoretin  :  the  former  of  which 
is  soluble  in  ether,  the  latter  insoluble  (Walz,  Chem,  Cent.,  1859,  5) : 

(?)C„H.,0„     =    C„HO,    +_C„H.,0     +    C.H..O.. 

BryoniD.  Bryoretin.  Hjdrobrjroretiu. 

Cdindn  or  CainHc  acid  :  C^H^^Oj^.— This  substance,  obtained  from  cainca 
root,  Chiococca  anguifuga  and  C.  racemosa,  forms  crystalline  flakes,  sparingly 
soluble  in  water  or  ether,  but  very  soluble  in  alcohol  It  appears  to  form 
metallic  derivatives.  On  boiling  a  solution  of  caincin  in  dilute  alcohol  with  an 
acid,  it  is  resolved  into  calnceiin,  and  a  glucose  which  apparently  is  not  sucro- 
dextrose : 

C«H„0„   +   3OH.  =  C,H„0.   +   3C  H„0.- 

Caindn.  Cainoetin.  Glaooee. 

Caincetin  is    indistinctly  crystalline.     When    fused  with    potassic  hydrate   it  , 
yields  butyric  acid   and  cdincigenin,  C^fl^fi^,     When  treated  with   sodium 
amalgam  and  dilute  alcohol,  it  dissolves  to  a  brownish-coloured  solution  from 
which  sulphuric  acid  throws  down  a  crystalline  substance  having  the  composition 
C^H^Ojj  (Rochleder,  Joum.  pr.  Chem,,  Ixxxv.  275  ;  cii.  16). 

Carminic  acid  :  Cj^H^^Oj^j  — This  substance,  which  is  the  colouring  matter 
of  cochineal,  may  be  separated  from  the  latter  by  precipitating  its  aqueous  extract 
vnth  plumbic  acetate,  and  decomposing  the  washed  precipitate  with  sulphuric  acid  ; 
the  solution  thus  obtained  is  alternately  precipitated,  and  the  precipitate  decom- 
posed, a  second  and  a  third  time  in  a  similar  manner,  employing,  however,  hydric 
sulphide  to  effect  the  final  decomposition.  The  filtered  solution  is  evaporated  to 
dryness,  the  residue  dissolved  m  alcohol,  and  the  crystalline  nodules  of  carminic 
acid  obtained  on  allowing  this  solution  to  evaporate  treated  with  water.  This 
leaves  undissolved  a  yellow  substance,  and  the  filtered  solution  afler  evaporation  to 
dryness  and  crystallization  from  dry  alcohol  or  ether,  yields  pure  carminic  acid. 
I^  also  occurs  in  the  flowers  of  Monarda  didyma,  and  probably  in  other  plauta. 
Very  different  formulse  have  been  assigned  to  carminic  acid  by  different  ohemiat^ 
and  it  is  not  improbable  that  it  is  not  always  of  the  same  composition. 

Carminic  acid,  when  boiled  with  dilute  acids,  is  said  to  be  decomposed  with 
formation  of  carmine-red  and  of  a  non-fermentable,  optically  inactive  body, 
.which  readily  reduces  an  alkaline  solution  of  a  cupric  salt ;  thus : 

(?)  c„H..o    +  20H.  =  c„H;,a  +  C.H,.0.. 

Carminic  acid.  Caraune-red. 

Carmine-red,  which  may  readily  be  prepared  from  the  crude   carminic  acid 
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obtained  on  decomposing  by  sulphuric  acid  the  lead  precipitate  thrown  down 
from  a  decoction  of  cochineal,  forms  a  dark  purple-red  iridescent  mass,  soluble 
in  water  and  in  alcohol,  but  insoluble  in  ether.  It  forms  a  number  of  metallic 
derivatives,  all  of  which  are  obtained  as  violet  coloured  amorphous  precipitates. 
On  oxidation  with  nitric  acid  it  is  converted  into  trinitrocresotic  acid  {nitro- 
cocussic  acid),  CHj.C^H(NOg)j  COOH.  By  treating  it  with  concentrated  sulphuric 
acid,  a  new  red  colouring  matter,  ruficoccin,  Cj^fi^fi^,  is  produced,  which  is 
probably  a  derivative  of  a  hydrocarbon  homologous  with  anthracene. 

When  crude  carminic  acid  is  fused  with  potassio  hydrate  and  a.  little 
water,  a  new  substance,  coccinin,  G^JJ^fi^  (?),  is  formed,  together  with  oxalic, 
succinic,  and  apparently  acetic  acid.  It  crystallises  in  yellow  microscopical 
rectangular  plates,  apparently  belonging  to  the  rhombic  system.  They  are 
easily  soluble  in  alcohol,  sparingly  in  ether,  and  insoluble  in  wafer,  but  dissolve 
readily  in  dilute  alkaline  solutions  ;  the  latter  on  exposure  to  the  air  acquires  a 
violet  and  finally  a  purple-red  colour.  On  passing  dry  ammonia  over  coccinin, 
a  compound  of  the  formula  Cj^H^jO^.NH^  is  formed  (Schaller,  Bull.  86c.  Ckim. 
[2],  ii.  414;  Guignet,  ibid.,  xviii.  162;  Warren  De  la  Rue,  Ckem.  80c, 
Memoirs,  iiL  454;  Hlattiwetz  and  Grabowski,  Ann.  Chem.  Pharm.,  cxli.  329; 
Liebermann  and  Dorp,  ibid.,  clxiii.  97). 

Colocynthin :  C^H^N^. — An  intensely  bitter  principle,  extracted  from  the 
pulp  of  the  fi-uit  of  the  bitter-apple,  Oucumis  colocynthis.  It  is  soluble  in 
water,  alcohol,  and  ether ;  when  boiled  with  dilute  acids  it  yields  glucose  and 
eolocynth&in,  a  resinous  substance,  insoluble  in  water  but  soluble  in  ether : 

C  H  N     +   2OH.  =   C  H„0,.  +    2C  H..0.- 

ColoQjnthin.  Colocjutheua.  Glucose. 

According  to  Walz  (^Neu,  Jahr.  JPharm.,  ix.  225),  the  alcoholic  extract  of  the 
bitter-apple  contains  a  colourless  crystalline  principle,  insoluble  iu  water,  which 
he  calls  colocynthitin. 

Coniferin :  Cj^H^Og. — This  glucoside,  discovered  by  Rubel  in  the  cambium 
of  coniferous  woods,  has  recently  been  investigated  by  Tiemaun  and  Haarmann 
{Deut.  chem.  Ges.  Ber.,  vii.  608;  viii.  509  and  11 27;  ix.  409).  It  may 
be  obtained  from  the  sap  by  boiling  and  filtering  it  to  separate  albumenoid 
matters,  concentrating  to  about  one-fiflh  its  volume,  and  allowing  it  to  st^nd. 
The  brown- coloured  crystals  which  form  are  collected,  pressed,  and  repeatedly 
recrystallized.  Coniferin  forms  stellate  groups  of  needles  which  have  the  com- 
position CjjHjjOg  +  2OH3 ;  they  are  but  slightly  soluble  in  cold  water,  more 
soluble  in  hot  water  and  in  alcohol,  but  insoluble  in  ether ;  its  solutions  exert 
a  Isevorotatory  action  on  polarized  light  It  melts  at  about  185°  (365®  F.). 
If  coniferin  be  mixed  with  a  small  quantity  of  phenol  and  concentrated  sulphuric 
acid,  an  intense  blue  colour  is  produced.  It  does  not  reduce  Fehling*s  solution, 
but  when  boiled  with  dilute  acids  it  is  decomposed,  yielding  a  dextro- 
gluoose  and  resinous  products;  if,  however,  it  be  submitted  to  the  action 
of  emulsin  at  a  temperature  of  2j® — 35°  (77** — 95°  F.),  the  products  are 
dextrogluoose,  and  a  crystalline  compound  which  may  readily  be  separated  by 
agitating  the  liquid  with  ether  and  evaporating  the  ethereal  solution.  The 
best  method  of  purifying  the  crystalline  mass  thus  obtained  is  to  dissolve  it 
in  water  by  the  aid  of  ammonia,  and  expose  the  solution  to  the  air ;  as  the 
a'nmonia  evaporates  the  new  compound,  coniferylic  alcohol,  C^^Hj^O,,  is  deposited 
in  fine,  nearly  colourless  cystals.  The  decomposition  of  coniferin  into  coniferylic 
alcohol  and  dextroglucose  takes  place  in  accordance  with  the  equation : 
C„H^O,  +   OH.   =  C..H..O.  +   C.H  O . 

Coniferylic  alcohol  melts  at  74—75  (i65°*2 — 167*'  F.);  it  is  almost 
insoluble  in  cold   and  dissolves   with    difficulty  in    hot  water;    ^i|LA%^)7> 
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soluble  in  ether,  Ipsh  so  in  alcohol.  It  is  noluble  in  dilate  alkalies,  and  on 
allowing  the  solution  to  evaporate  spontaneously,  crystalline  metallic  derivatives 
containing  potasKium  or  sodium  are  obtained;  but  if  the  solutions  are  boiled 
down  rapidly,  the  unaltered  substance  separates  as  an  oil.  If  the  alkaline 
solution  be  acidified,  only  an  amorphous  substance  is  precipitated,  which 
appears  to  be  a  polymeride  of  the  alcohol.  On  heating  coniferylic  alcohol  wit)i 
hydriodic  acid,  a  mixture  of  methylic  and  ethylic  iodides  is  said  to  be  formed. 
When  oxidized  with  potassicdichromateand  dilute  sulphuric  acid  it  yields  vanillin 
or  paroxymetamethoxybenzoic  aldehyde  (methylprotocatechuic  aldehyde), 
C,H.(0H)(0CH,)C01I,  and  acetic  aldehyde. 

Closely  allied  to  coniferin  ib  a  substance  obtained  from  it  by  oxidation  with 
potassic  pennanganate,  and  named  glucovanilUc  acid,  C^^H^fi^  (Tiemann  and 
Btimer,  ibid.t  viii.  515).  It  crystallizes  from  water  in  slender,  glisteuing, 
colourless  prisms,  C^^H^gO^  +  OH,,  which  lose  their  water  of  crystallization  at 
loo**  (21a**  F.),  and  melt  at  2H°— 212°  (4ii°-8— 4i3**-6  F.).  It  is  soluble 
in  alcohol  and  in  hot  water,  but  quite  insoluble  in  ether,  so  that  it  may  readily 
be  separated  from  vanillic  acid,  which  is  readily  soluble  in  ether.  When  heated 
with  dilute  acids  or  submitted  to  the  action  of  emubin,  it  splits  up  into  glucose 
and  vanillic  acid,  C,H3(0H)(0CHJ.C00H. 

The  constitution  of  coniferylic  alcohol; — and  consequently  of  coniferin — ^has 
not  yet  been  satisfactorily  ascertained.  From  the  formation  of  vanillin  or 
oxymethoxybenzoic  aldehyde  on  oxidation,  there  can  be  no  doubt,  however,  that  it 
contains  the  group  C^H3((^H)(OCH,)jO—  .  Tiemann  has  suggested  the  formula 
0,H,(0H)(0CH3.C3HJ0H),  but  this  does  not  explwn  the  formation  of  ethylic 
iodide  together  with  methylic  iodide  on  heatingit  with  hydriodic acid;  moreover, 
a  compound  of  this  constitution  should  furnish  acetyl  derivatives,  which  is  said 
not  to  be  the  case. 

Convallarin  :  C^H^Oj,,  a  colourleHs  substance  contained,  together  with 
oonvallamarin,  in  Convallaria  majalis  (Solomon's  seal).  It  crystallizes  in  right 
rectangular  prisms  sparingly  soluble  iu  water.  When  boiled  with  acids  it  yields 
a  glucose  and  convallartiin :  G^^fi^y^  +  QH,  =  C^^H^O,  +  C,H„0^. 

Oonvallamarin :  (?)  Cj^H^^O^^,  a  bitter  Hubbtance  found  in  Convallaria 
majalis,  is  a  white  powder,  easily  soluble  in  water  or  alcohol,  but  almost  insoluble 
in  ether.  It  is  decomposed  by  dilute  acids  yielding  convallamaretin,  (?) 
C^^Hj^Og,  and  glucose. 

Convolvulin:  C^jHj^O^,and  convolvulic  acid :  ^^^xofin' — Convolvulin  is  a 
colourless,  transparent  resin  contained  in  jalap  root  (the  rhizome  of  Convolvttlu9 
Schiedanus).  It  is  tasteless  and  inodorous,  almost  insoluble  in  water,  easily 
soluble  in  alcohol,  but  insoluble  in  ether,  whereby  it  is  distinguished  from 
jalapin.  It  dissolves  in  alkaline  solutions,  even  in  the  cold,  but  far  more  readily 
when  heated,  being  converted  into  a  salt  of  convolvulic  acid.  This  acid  is  best 
prepared  by  boiling  convolvulin  with  baryta  water,  removing  the  baryta  from  the 
solution  in  the  usual  way,  and  evaporating.  It  is  very  soluble  in  water  and  in 
alcohol,  but  insoluble  in  ether.  Both  convolvulin  and  convolvulinic  acid  are 
decomposed  by  boiling  with  dilute  acids,  yielding  convolvulinol,  C^Hj^O^,  and  a 
glucose  the  nature  of  which  is  undetermined : 

C.,H,«0„    +    iiOH.   =   C^H„0,   +   6C.H„0.. 

The  former  dissolves  in  alkalies,  but  not  in  water,  and  cm  the  addition  of  an  acid 
convolvulinolic  acid,  ^ifl^fl^*  separates  from  the  solution  in  microscopic  needles 
which  melt  at  39^  (102^*2  F.).  It  is  easily  soluble  in  alcohol,  less  so  in  ether. 
According  to  Mayer  {Ann.  Chem.  Phartn.,  xovi.  61),  the  substances  obtained  in 
this  way  from  convolvulin  and  convolvulic  acid  are  not  identical,  but  the  whole 
tnbject  requires  careful  re-exaiuination.    On  oxidation  with  nitric  acid,  couvplvnlia 
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and  its  derivatives  are  converted  into  ipomaic  acid  (sehacic  acid),  C^^'EL^fi^,  an 
acid  of  the  succinic  beries  (comp.  Neifton  and  Baj'ne,  Joum,  Chem,  Soc,  1874, 
xxvii.  729). 

Crocin :  C^H^Og^,  the  colouring  matter  of  Gardenia  grandijlora,  is  an 
amorphous  red  substance,  easily  soluble  in  water  and  in  alcohol  with  a  deep 
yellow  colour.  The  rfolution9  yield  an  orange- coloured  precipitate  with  plumbic 
salts.  Boiled  with  dilute  acids,  crocin  is  resolved  into  crocetin,  O^Ji^O^^,  and 
an  uncrystallizable  glucose :  C„H„0„  +  sOH,  =  C.^H^O^^  +  4C.H„0^. 

Crocetin  is  a  dark  red  amorphous  powder  easily  soluble  in  alcohol,  but  only, 
slightly  in  water.  Like  crocin  it  becomes  indigo  blue,  and  finally  violet,  when 
treated  with  concentrated  sulphuric  acid  (liochleder,  Jour.  pr.  Chem,,  Ivi.  68). 

Cyclamin :  O^^H^^O^^,  a  white  amorphous  substance  extracted  from  the 
t«bers  of  Oyclafnen  europaum  by  means  of  alcohol.  It  is  readily  soluble  in  hot 
alcohol,  but  insoluble  in  ether.  In  contact  with  cold  water  it  swells  up  to  a 
translucent  glutinons  substance  which  slowly  dissolves.  The  liquid  froths  when 
agitated,  and  possesses  a  feeble  Isvorotatory  action.  When  boiled  with  dilute  acids 
it  yields  eyclamiretin  and  glucose  (?) :  C^H^O^^  +  2OH,  =  C^^H^O,  +  Cfi^fi^. 

Daphnm :  C^H^^O^  (P),  a  colourless  glucoside  contained  in  the  baik  of 
▼arious  species  of  Daph'ne,  It  crystallizes  in  transparent  rectangular  prisms 
which  are  insoluble  in  ether,  sparingly  soluble  in  cold  water,  but  more  freely  in 
warm  water,  and  still  more  so  in  alcohol  It  fuses  at  about  200°  (39^°  F.). 
According  to  Rochleder  (Jahresh,  1863,  59i)»  daphnin  is  isomeric  or  polymeric 
with  sesottlin.  On  boiling  with  dilute  acids,  or  on  treatment  with  emulsin,  it 
yields  glucose  and  daphnetin,  C^H,0^  (P),  isomeric  with  hydrated  sesculetiu : 
CjjHj^O^  +  20Hj  =  CjjHgOj  +  C^HjjO^.  Daphnetin  crystallizes  in  small,  needle- 
shaped,  monoclinic  prisms,  which  are  easily  soluble  in  alcohol  and  in  boiling 
water,  but  only  sparingly  in  ether.  It  fuses  above  250^  (482°  F.),  and  may 
readily  be  sublimed  in  a  current  of  gas. 

Datiscin  :  C„H,,0,,. — This  glucoside  obtained  from  the  leaves  and  roots  of 
Datisca  cannahina,  crystallizes  in  silky  needles  which  are  sparingly  soluble  in 
cold  water,  very  soluble  in  hot  alcohol,  but  only  slightly  in  ether.  It  melts  at 
180°  C.  (356''  P.).  When  boiled  with  dilute  acids,  or  with  a  concentrated 
solution  of  potassic  hydrate,  it  is  decomposed  with  formation  of  glucose  and 
datiscetin:  C„H„Oj,  =  C^Hj^O^ -I- C,  H„0^.  This  change  is  not  effected  by 
yeast  or  by  emulsin.  Datiscetin  crystallizes  easily  in  long  needles,  which  are 
almost  insoluble  in  water,  but  readily  in  alcohol  or  ether.  When  heated  with 
nitric  acid,  it  yields  trinitrophenol  but  no  oxalic  acid.  Both  datiscin  and 
datiscetin  give  precipitates  with  lead  acetate. 

Digitalin.-^This,  the  active  principle  of  the  foxglove,  Digitalis  purpurea, 
has  been  examined  by  numerous  investigators,  but  the  results  hitherto  obtained 
have  been  anything  but  satisfactory  or  concordant.  According  to  Naiivelle 
(^Jaur.  PAarm.  [4],  xx.  81),  a  crystalline  compound  may  be  obtained  from 
digitalis  extract  aiter  treating  it  with  lead  acetate  and  a  little  water,  by  a  long 
and  tedious  process.  Lefort  {ibid,  [5],  vi.  424)  exhausts  the  leaves  with  dilute 
alcohol,  precipitates  with  basic  lead  acetate,  removes  the  excess  of  lead  from  the 
solution  by  sodic  carbonate,  and  then  precipitates  the  digitalin  by  tannin.  The 
brown  precipitate  after  being  thoroughly  washed  is  decomposed  by  digesting  it 
with  finely-powdered  plumbic  oxide  and  treated  with  alcohol.  The  solution,  after 
decoloration  with  animal  charcoal,  yields  crystallized  digitalin  on  evaporation, 
whilst  the  more  soluble  modification  remains  in  solution.  This  author  attributes 
the  discrepancies  in  the  statements  respecting  digitalin  to  the  existence  of  two 
modifications  of  this  body,  one  more  soluble  obtained  from  t)ie  seeds,  the  other 
lees  soluble  crystallized  variety  predominating  in  the  leaves.  Crystallized  digitalin 
l^rma  microscopic  plates,  which  are  inodorous  and  possess  a  very  persistent  bittfr 
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taste.  It  IB  almost  insoluble  in  ether,  very  soluble  in  chloroform,  and  requires 
about  ten  parts  of  alcohol  at  ordinary  temperatures.  Its  mo«t  characteristic 
reaction  is  the  beautiful  green  colour  it  assumes  when  treated  with  a  very 
concentrated  solution  of  pho^tphoric  acid. 

The  formula  of  digitalin  is  still  a  matter  of  doubt.  According  to  Eosmann 
{ibid.  [4],  XX.  427),  both  the  soluble  and  insokble  forms  of  digitalin  are 
glucosides ;  the  firi<t  yielding  four  molecules  of  gluco:»e,  and  being  easily  trana- 
formed  by  the  a«;tiou  of  saline  or  acid  agents  into  the  insoluble  form,  which 
yields  but  two  molecules  of  glucose  : 

Solubte  digitalin.  Insoluble  oigit^in. 

,   C„H..O..  +   4OH.  =  C  H  O,,   +    2C.H„0^ 

Insoluble  digiialin.  Digitaliretin. 

Digiialiretin  forms  shining  plates  which  melt  at  169*  (3 3 6° '2  F.).  It  is 
almost  insoluble  in  water,  sparingly  soluble  in  ether  or  cold  alcohol,  but  readily 
in  boiling  alcohol  (com p.  Schmiedeberg,  Pharm.  J,  Trane,  [3],  ▼.  74^)- 
Kosmann,  by  boiling  digitalin  with  a  dilute  alkaline  solution  and  precipitating 
by  an  acid,  obtained  digitalic  acid,  C^H^O^,  a  substance  crystallizing  from 
alcohol,  and  capable  of  forming  crystalline  salts.  By  boiling  with  acids  it  is 
resolved  into  digitaliretin  and  glucose. 

Dulcamarin :  C^H^O^^j.— Geinsler  {Arch.  Fharm,  [3],  viL  289)  has  re- 
cently examined  the  supposed  alkaloid  from  Solatium  dulcamara,  and  finds 
that  it  consists  of  two  substances  separable  by  ammonia.  The  solution  contains 
the  dulcam.arin,  which  may  be  obtained  as  a  pale  yellow  powder  having  a  bitter 
taste.  It  is  soluble  in  acetic  acid,  but  insoluble  in  ether,  chloroform,  and  benzene. 
It  is  unaffected  by  emulsin,  but  boiling  with  dilute  sulphuric  acid  causes  it  to 
split  up  into  dulcamaretin  and  glu(»8e :  Cj^H^^j^  +  2OH,  =  C^.H^O,  +  C,Hj,0,. 
Dulcamaretin  is  precipitated  as  a  tarry  product,  insoluble  in  ether,  chloroform, 
apd  benzene,  but  soluble  in  alcohol.  Afler  purification  it  forms  a  brownish- 
black  resinous  body  destitute  of  odour  and  taste. 

JSricolin  :  0,^11^,0,^. — This  compound  exists  in  several  plants  of  the  order 
Sricacea,  and  especially  in  the  marsh  rosemary.  Ledum  palustre.  It  is  a  resinons 
substance,  soluble  in  alcohol,  but  only  slightly  soluble  in  water.  When  boiled  with 
dilute  acids  it  yields  glucose  &nd  ericinol:  Cj^fi^O.^^  +  40Hj  =  Cj^H,^0  +  4C,H„0,. 
Ericinol  is  a  volatile  colourless  oil,  which  turns  brown  on  exposure  to  the  air. 
It  boils  at  240® — 242°  (464** — 467''*6  F ),  and  has  a  disagreeable  odour  and 
nauseous  burning  bitter  taste.    It  has  a  specific  gravity  of  0*874°  at  20^  (68**  F.). 

Frangulin :  (?)  Cg^H^Oj^^. — Fi-angulin  may  be  obtained  from  the  bark  of 
Rhamnuafrangula  by  fractionally  precipitating  the  alcoholic  extract  with  normal 
and  basic  plumbic  acetite,  snspending  the  final  precipitate  in  alcohol  and  decom- 
posing it  with  sulphuretted  hydrogen.  The  solution  boiled  and  filtered  deposits 
the  substance  in  a  crystalline  state  on  cooling.  It  forms  a  yellow  silky  crystalline 
mass  melting  at  226*  (438°  8  F.)  (Faust,  Ann,  Chem.  Pharm,,  dxv.  231), 
insoluble  in  wati'r,  and  only  slightly  soluble  in  cold  alcohol  or  boiling  ether. 
When  boiled  with  dilute  acids  it  splits  up  into  glucose  SLndfrangulic  acid, 
(?)  Oj^HgO^.  Liebermann  and  Waldc^tein  (Deut,  chem,  Ges.  Per.,  ix.  1075) 
suggest  the  formula  C^jH^^Oj^  for  frangulin,  and  C^^H^fi^  for  frangulic  aoid, 
which  is  apparently  a  derivative  either  of  anthracene  or  of  methylanthraoene. 

Fraxin  or  Paviin :  C^^K^fi^^. — A  fluorescent  substance  existing  in  the  bark 
of  the  ash,  Fraxiniis  excelsior,  and  along  with  sBSCulin  in  the  horse  chestnut.  It 
crystallizes  in  tufts  of  colourless  needles,  having  the  composition  aC,,Hj,Oj,  +  OH,. 
These  lose  their  water  of  crystidlization  when  heated  in  a  stream  of  carbc^nic  anhy- 
dride at  150°  (302*  F.).     Fraxin  melts  at  190°  (374°  F.).     Itns  but  sparingly 
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floluble  in  «old  water  or  alcohol,  bat  comparatively  easily  when  hot.  It  is  more 
soluble  in  ether  than  sesculin.  Fraxin  exhibits  a  strong  green-blue  fluorescence 
which  is  increased  by  alkalies,  but  destroyed  by  acids.  Boiled  with  dilute  acids, 
it  is  resolved  into  glucose  and  J¥axetin  :  C^fi^fi^^  +  OH,  =  C^^H.O^  +  C^Hj^O^. 
Fraxetin  forms  colourless  needles  which  are  almost  insoluble  in  water,  but  some- 
what more  so  in  alcohol. 

Globularin  :  (?)  C^H^O^^. — A  glncoside  existing,  according  to  Walz,  in  the 
leaves  of  Globularia  alypum,  and  which,  when  boiled  with  diluto  acids,  is  re- 
solved into  ^Mcxm^  glohularetin,C^^fi^,  VLndparafflohularetin,C^fijjfi^,  both 
amorphous  substances. 

Glycyrrhizin  :  (?)  C^H^O^,  is  a  substance  of  sweet  taste  obtained  from  the 
liquorice  root,  Glycyrrhiza  glahra  and  G,  echinata  ;  it  crystallizes  from  glacial 
acetic  acid  in  aggregates  of  almost  colourless  prismatic  needles ;  easily  soluble 
in  hot  water  or  in  alcohol,  but  only  sparingly  soluble  in  cold  water.  Its 
aqueous  solution  is  precipitated  by  salts  of  barium,  magnesium,  and  copper,  and 
by  basic  plumbic  acetate.  When  boiled  with  dilute  acids,  glycyrrhizin  is  resolved 
into  glucose  and  glycyrreiin,  (?)  C„H^O^.  Glycyrretin  is  a  brownish-yellow 
resinons  substance,  insoluble  in  water,  but  soluble  in  alcohol  and  in  alkaline 
solutions  (Habermann,  Deut.  ckem,  Ges,  Ber,,  x.  870). 

Gratiolin:  (?)  C^H^Oj^.  and  GrcUiosoUn:  (?)  C^H,,0„.— Two  amorphous 
gluoosides  contained  in  the  Gratiola  officinalis.  When  boiled  with  a  dilute  acid 
the  first  is  said  to  yield  gratioletin,  C^^H^O^,  a  crystallizable  substance,  and  an 
amorphous  compound,  graiioleretin,  Cj,H^O,,  besides  a  glucose.  Griitiosolin, 
under  similar  circumstances,  yields  glucose  and  graiiosoletin,  C^H^^O^^,  the 
lattor  being  resolved  by  continued  boiling  with  acids  into  a  mixture  of  gratioso' 
leretin,  C^H^O^,  and  kydrogratiosoleretin,  C^H^O^j. 

Helicin :  C^K^fi^, — The  glucoside  of  nalicylic  aldehyde  obtained  by  treating 
salicin  with  very  dilute  nitric  acid : 

C,H,(CH,.OH).O.C.H,0(OH),  +  0  =  C.H,(COH).O.C.H,0(OH)^  +  OH,; 

Saliein.  Helicin. 

And  also  from  benzohelicin  by  boiling  it  with  magnesia  and  water,  when  it  splits 
up  into  benzoic  acid  and  helicin  : 

*^«=«{o!cyH,0(OH)..C,H.O,  +  OH.  =  C.H.(COH).O.C.H,0(OH),  +  C,H.O.. 

fienxohelidn.  Helicin.  Benzoic  acid. 

It  forms  very  slender  needles,  which  are  insoluble  in  ether,  sparingly  soluble  in 
cold  water,  but  freely  in  hot  water  or  in  alcohol  It  melts  at  175°  (347"  F.), 
and  when  submitted  to  the  action  of  emulsin  or  boiled  with  dilute  acids,  it  yields 
glucose  and  salicylic  aldehyde : 

C,H^(COH).O.C,H,0(OH)^  +  OH,   =   C,H/OH).COH  +  C.H,0(OH).. 

By  the  action  of  bromine  or  chlorine,  helicin  is  converted  into  monohromhelicin 
and  monochlorhelicin  respectively,  the  latter  of  which  exists  in  two  isomeric 
modifications.  When  helicin  in  aqueous  solution  is  treated  with  sodium  amalgam, 
the  nascent  hydrogen  reconverts  it  into  salicin.  With  acetic  chloride  it  yields 
ietraeetylhelicin,  O^UJG^¥{fi)fi^  (Schiff*,  Ann.  Chem,  Pharm.,  cliv.  i). 

Benzohelicin  :  C.^H,^0,. — ^This  compound  may  be  produced  synthetically  by 
treating  helicin  with  benzoic  chloride,  CyH^Cl,  at  60°  (140^  ^')»  whilst  at 
150°  (302^  F.)  with  excess  of  the  chloride  it  yields  tetrabenzoylhelicin, 
C,,H„(CyH^0)^0y  (Schiff).  Benzohelicin  may  also  be  prepared  from  benzoyl- 
salicin  or  populin  in  a  manner  similar  to  that  employed  in  preparing  helicin 
firom  salicin.     It  crystallizes  in  tufts   of  silky  needles  which  are  /eolu'  ~ 
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boiling  water.     It  is  not  altered  by  emulsin,  but  aoida  or  alkaliee  deoompote  it 
readily,  thus : 

Selumdin :  Cj^H^O^^.— This  substance  is  formed  by  the  action  of  rety 
dilute  nitric  acid  on  salicin  :  2Cj,H„0,  +  0  =  C„H^O„  +  OH,,  and  also  when  » 
solution  of  helicin  is  treated  with  sodium  amalgam ;  being  converted,  however, 
into  salicin  by  the  continued  action  of  nascent  hydrogen.  Under  the  inftoenoe 
of  emulsin  it  is  resolved  into  saligenol,  C,HgO„  salicylic  aldehyde  and  glnooee  : 

If  the  formula  here  assigned  to  helicoidin  be  correct,  it  should  furnish  a  non- 
acetyl  derivative  and  not  an  octacetyl  derivative  (comp.  Sohiff,  loe.  cU  ). 

SelUhorin:  C„H^O.,  and  Helleborein:  C„H^O„.  are  two  glucosides  existing 
in  the  roots  of  Hellebonu  niger  and  H,  viridis.  Helleborein  is  much  mote 
abundant  in  black  than  in  green  hellebore,  but  always  occurs  in  larger  quantity 
than  helleborin,  which  should  be  prepared  from  green  hellebore,  as  it  occurs  very 
sparingly  in  the  black.  Helleborin  forms  glistening  white  needles,  insoluble  in 
odd  water,  easily  soluble  in  boiling  alcohol  and  in  chloroform.  It  is  a  stronger 
narcotic  than  helleborein,  and  when  boiled  with  dilute  acids,  it  is  resolved  into 
glucose  and  helleboreHn,  C^H,gO^,  a  resinous  substance  insoluble  in  water,  but 
easily  soluble  in  boiling  alcohol :  C3,H,,0,  +  4OH,  =  C,,H,30,  -f  C,H„0,.  SeUe- 
borein  may  be  obtained  from  its  alcoholic  solution  in  nodokr  masses  consistiiig 
of  microscopic  needles  :  it  is  very  soluble  in  water,  less  so  in  alcohol,  and  insoluble 
in  ether.  Boiling  dilute  acids  resolve  it  into  glucose  and  heUeboretiny  which 
is  thrown  down  as  a  dark  violet-blue  precipitate:  C^H^^O,,  =  C^JIJ^^  +  2C,H^,0,. 
Helleboretin  forms  a  greyish-green  amorphous  and  tasteless  powder,  which 
melts  above  200°  (392°  F.),  and  is  insoluble  in  water  and  ether,  but  easily 
soluble  in  alcohol,  yielding  a  violet-coloured  solution  (Husemann  and  Marme, 
Ann.  Chem.  Pkartn,,  cxxxv.  55). 

Hesperidin :  C„H^O„,  is  most  easily  prepared  from  unripe  bitter  orangcR  by 
exhausting  them  with  water,  treating  the  residue  with  a  mixture  of  equal  parts 
of  water  and  alcohol  containing  i  per  cent,  of  potassic  hydrate,  and  precipitating 
the  impure  he^peridin  from  the  clear  solution  by  hydrochloric  acid.  When 
pure,  it  forms  microscopic  needles  which  are  almost  insoluble  in  cold  water, 
more  soluble  in  alcohol  and  hot  acetic  acid,  and  easily  soluble  in  ammonia ;  it  is 
insoluble  in  ether  and  benzene,  and  melts  at  about  245**  (473  F.).  When 
hesperidin  is  boiled  with  dilute  acids,  it  is  resolved  into  glucose  and  hesperelin : 
C„H„0„  =  C^fiifi^  +  C,H„0,.  Hesperetin  forms  colourless  crystals,  haring  a 
sweet  taste  and  melting  at  223°  (433°'4  F.).  It  is  almost  insoluble  in  eold 
water,  but  dissolves  readily  in  alcohol  or  ether,  and  in  alkalies ;  the  aqueous 
solution  is  coloured  brown-red  by  ferric  chloride.  When  heated  with  potassic 
hydrate  solution  at  100°  (2 1 2**  F.),  it  is  resolved  into  phlorogluool  and  kesperiUe 
acid:  C,Hj,0,  +  0H,  =  C„H„0,  +  C,H,(0H)3;  but  when  hesperetic  acid  or 
hesperetin  is  fused  with  potassic  hydrate,  protocatechuio  acid  is  obtained.  It  is 
probable  that  hesperetin  is  related  to  coniferylic  alcohol,  as  on  heating  it  with 
water  at  250®  (482°  F.)  a  subst^uce  smelling  strongly  of  vanilla  is  prodoctd 
(Hilger,  Deut  chem,  Qes.  Ber„  ix.  26 ;  Hofmann,  ibid,,  ix.  685 ;  Patttmo 
and  Briosi,  ibid.,  ix.  250). 

Jalapin  or  Scammonin  :  C^H^O,,,  and  JcUapie  Acid  .•  C^H^O^^  (?). — 
Jalapin  is  a  glucoside  occurring  in  the  root  stalk  of  Convolvulus  Orizabensis^  and 
may  be  prepared  from  commercial  Menna  jalappa  ex  stipitibt^  or  from  1 
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mony  rsBin  (from  C,  seammonia).  It  is  a  oolourlees  amorphous  resin,  only 
sHgbtly  Boluble  in  water,  but  freely  in  alcohol,  ether,  and  chloroform.  Jalapin  from 
jalap  when  heated  with  dilute  acids  is  resolved  into  glucose  and  jalapvnol  (Mayer, 
AfM.  Chem.  Fharm.,  xcv.  129):  2C^H,,0„+ iiOH,  =  C^^O,  +  6C,H„0,; 
whilst  according  to  Spirgatis  (ihid,t  cxvi.  289),  the  jalapin  from  scammony 
yields  glucose  Kad  jalapinolie  acid :  C^H^O,.  +  5OH,  =  Cj,H,^0,  +  3C,H,,0,. 

Jalapinol  forms  white  dendritic  crystalline  masses,  which  are  soluble  in 
alcohol  and  ether,  and  melt  at  62*^  (i43°'6  F.).  In  contact  with  alkaline 
solutiomi,  ammonia,  or  baryta,  it  is  converted  into  a  salt  of  jalapinolie  acid : 
C^^O,  +  BaH.O.  =  (C..H„0.).Ba  +  3OH.. 

Jalapinolie  acid  crystallizes  in  tatts  of  colourless  needles  which  melt  at  64 
(147^' 3  F.).  It  is  insolnble  in  water,  but  soluble  in  alcohol  or  ether.  It  is  a 
monobasic  acid,  and  forms  crystalline  salts  with  the  metals  of  the  alkalies,  with 
ammonia,  and  with  barium ;  the  compounds  with  the  heavy  metals  are  mostly 
amorphous.  When  oxidized  with  nitric  acid  it  yields  sebacic  acid  (oomp. 
oonvolvttUn). 

Jalapic  acid,  or  scammanic  acid,  an  amorphous  yellowish  brittle  substance 
very  soluble  in  water  or  alcohol,  but  less  00  in  ether,  is  formed  from  jalapin  by 
the  assimilation  of  water.  It  is  prepared  by  boiling  jalapin  with  baryta  water 
until  dissolved,  removing  the  baryta  in  the  usual  way,  and  evaporating.  By  the 
action  of  concentrated  hydrochloric  acid  it  is  resolved  into  jalapinol  and  glucose 
(Mayer) :  2C,^H^0j3  +  7OH,  =  C„H„0,  +  6C,Hj,0^  Sometimes  when  jalapie 
acid  is  boiled  for  a  short  time  with  hydrochloric  acid  a  compound  alphajalapic 
acid,  O^H^Oj,,  is  produced,  intermediate  between  jalapinol  and  jalapic  acid ; 
it  is  probably  formed  from  the  latter  by  the  elimination  of  a  molecule  of  glucose : 
C^H^O„  +  OIL  =  C„H^O„  +  C,H„0,.  It  crystallizes  in  silky  needles  which 
melt  below  80  (176°  F.).  Dilute  acids  convert  it  into  jalapinol  and  glucose  : 
aC,H„0„  +  sOH.  =  C„H„0,  +  4C.H..O.. 

MenyaniAin :  (?)  C^H^Oj^. — ^A  bitter  amorphous  substance  discovered  by 
Brandes  in  the  buckbean,  Menyanthes  trifoUata,  It  is  insoluble  in  ether, 
sparingly  soluble  in  cold  water,  but  more  readily  in  hot  water  or  in  alcohol. 
When  distilled  with  dilute  sulphuric  acid  it  is  decomposed,  a  colourless,  oil 
mm/^anthol,  Cfi-fi  (?),  passing  over,  having  an  odour  similar  to  benzoic  aldehyde, 
whilst  dextroglucose  remains  behind  (Eromayer,  Arch.  Pharm,  [2],  cxxiv.  37). 

Murrain:  C^^H^O^,  a  glucoside  obtained  by  De  Yrij  iiTomMurraya  exotica, 
orystallizes  in  minute  needles,  which  have  a  slightljr  bitter  taste.  It  melts  at 
170^  (338**  F.),  is  insoluble  in  ether,  sparingly  soluble  in  cold  water,  but  easily  in 
boiling  water  or  in  alcohol  The  cry»tals  have  the  formula,  C^H^O^  -f  OH^,  but 
lose  their  water  of  crystallization  at  1 1 5°  (239^  F.).  Heated  with  dilute  acids  it  is 
resolved  into  murrayetin  and  glucose :  C„H^O„  +  20Hj  =  C^H^p^^  +  2C,Hj,0,. 
Mun-ayetin  crystallizes  in  silky  needles  or  in  rhombic  prisms.  It  is  only  slightly 
soluble  in  cold  water,  but  easily  in  alcohol.  Both  murrayin  and  murrayetin  are 
fluorescent  in  alkaline  solution  (Bias,  2^U.  Chem,,  v.  316;  Hoffmann,  Deut. 
chem,  Q^.  Ber.,  ix.  690). 

Myronic  acid :  Cj^H^^NS^Oj^. — The  potassium  salt  of  this  acid  occurs  in  the 
seed  of  the  black  mustard,  Sinapis  nigra,  and  may  be  obtained  by  crystalliza- 
tion  from  alcohol  in  silky  needles,  whilst  from  its  aqueous  solution  it  separates 
in  short  transparent  rhombic  prisms.  It  is  easily  soluble  in  water,  but  only 
with  difficulty  in  alcohol.  When  a  dilute  solution  is  submitted  to  the  action  of 
myrciin,  an  albumenoid  substance  contained  in  white  mustard,  it  is  readily 
decomposed,  yielding  allelic  thiocyanate,  C^H^NCS,  and  glucose  (comp.  p.  582) : 


C^^H^KNS.O^   «   C,H.NCS   +    C.H„0.   +    KHSO,. 

tea  myromc 
vLiODgle 


Fotaaaic  myronate  is  not  decomposed  by  emulsin  or  by  yeast     F] 
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acid  may  be  obtained  from  the  crystalline  barium  compound  by  deoompoeing  it 
with  dilute  sulphuric  acid.  The  solution  of  the  acid  dricM  up  to  an  uncrystallizable 
syrup,  which  is  soluble  in  alcohol  but  not  in  ether. 

Ononin :  (P)  C,,H^O„,  and  Onotpin :  (?)  C^H^^O^ — Ononin,  a  compound 
existing  in  the  root  of  Ononis  spinosa,  may  be  obtained  in  c6lourIess  needleR^ 
which  melt  at  235*^  (455°  ^')*  ^^  ^  ^^^  sparingly  soluble  in  boiling  water, 
more  so  in  boiling  aloohd,  and  insoluble  in  ether.  When  boiled  with  a 
solution  of  an  alkali,  or  with  baryta  water,  it  yields  (mosjnn  and  a  formate : 
C„H„0„  +  20H,  =  C^H„0„+2H.C00H,  Hydrochloric  or  dilute  sulphuric 
acid,  when  heated  with  onunin,  decompose  it  with  formation  o£  formoneiinf 
C„H^O^,  and  glucose  :  C,,H„0,,  =  C^H^Oj,  +  zC^H^^O,  +  20H^  Formooetin 
forms  colourless  crystals,  which  are  nearly  insoluble  in  water  and  in  ether,  but 
somewhat  soluble  in  alcohol. 

Onospin  is  deposited  from  its  boiling  aqueous  solution  as  a  white  crystalline 
mass.  It  is  insoluble  in  ether,  but  easily  soluble  in  alcohol,  and  in  alkaline 
solutions,  being  precipitated  from  the  latter  on  tlie  addition  of  an  acid.  It  melts 
at  162°  (323^*6  F.),  and  when  boiled  with  dilute  acids  yields  onanetin^ 
C^gH^O^,  and  glucose :  C^H„0„  =  C^fiJ)^  +  ^^fiifi^.  Ononetin  may  also 
be  obtained  by  decomposing  formonetin  by  boiling  it  with  baryta  water : 
C^H^0^3  +  4OH,  =  C^H^O„  +  2H.COOH.  Ononetin  crystallizes  in  long 
colourless  prisms,  which  melt  at  120°  (248*'  F.).  It  is  nearly  insoluble  in 
water,  but  soluble  in  alcohol  and  in  alkaline  solutions.  Its  ammoniacal  solution 
when  exposed  to  the  air  acquires  a  deep  green  colour  (Hlasiwetz,  TFieti.  Akad. 
Ber.yxy.  142). 

Paridin:  C,,H^O,^  (P)  and  Paruttyphnin:  C,gH,^0^.  (P),  two  gluoosidee 
contained  in  Paris  quadrifolia.  Paridin  crystallizes  in  thin  plates,  or  in  taffai 
of  needles.  It  is  only  slightly  soluble  either  in  boiling  water  or  alcohol, 
and  when  boiled  with  hydrochloric  acid  in  dilute  alcoholic  solution  yields  paridol^ 
C^H^O,,  and  glu(X)se :  C^H^O,,  +  OH,  =  C„H^,0,  +  C,H^,0,.  Paristyphnin  is 
an  amorphous  substance  which,  when  boiled  with  water,  yields  glucose  and 
paridin  :  C„H^O„  +  2OH,  =  C^H^O,  +  C.H,,0,. 

Phillyrin:  Cg^H^Oj,,  a  colourless  crystalline  substance  extracted  firom  the 
bark  of  Phillyrea  latifolia.  It  has  a  bitter  taste,  is  but  sparingly  soluble  in  cold 
water,  more  so  in  boiling  water  and  in  alcohol,  but  insoluble  in  ether.  It  melts 
at  160°  (320°  F.),  nnd  when  lioiled  with  dilute  hydrochloric  acid,  it  is  reeolTed 
into  phillygenin,  and  a  glucose:  C^„^J>^^  +  OH,  =  C^^H^^O,  +  C,H„0^. 
Phillygenin  may  be  obtained  in  a  nacreous  mass  of  crystals  which  are  almost 
insoluble  in  cold  water,  but  dissolve  readily  in  alcohol  or  ether.  Both  phillyrin 
and  phillygenin  yield  substitution  compounds  by  the  action  of  chlorine,  bromine, 
and  nitric  acid. 

Phlorizin  and  Isophlorizin:  C,^H,^Oj^. — Phlorizin  is  found  in  the  root  bark 
of  the  apple,  pear,  plum,  and  cherry  tree,  and  may  readily  be  extracted  by 
treating  the  bark  with  dilute  alcohol,  decolorizing  the  solution  with  animal 
charcoal,  and  concentrating.  It  crystallizes  in  slender  silky  needles,  which  are 
only  sparingly  soluble  in  cold  water,  but  readily  on  boiling.  It  is  also  easily 
soluble  in  alcohol,  but  insoluble  in  ether.  The  crystals  have  the  composition 
CjjH^Oj^  +  2OH2,  ^^^  1<>*®  ^iheir  water  at  100°  (212'  F.).  Anhydrous  phlorizin 
melts  at  109°  (228^*2  F.).  By  the  simultaneous  action  of  air  and  ammonia  on 
phlorizin,  an  uncrystallizable  reddish-brown  product  is  obtained,  called /yA^orosdui, 
having  the  composition  C,jHj^N,Oj,.  By  boiling  phlorizin  for  a  short  time 
with  dilute  acids,  or  by  prolonged  contact  in  the  cold,  it  is  decomposed  inte 
phloretin  and  a  glucose  (comp.  p.  582)  :  C^.H^O^^  +  OH,  =  C^^H^^O,  +  C,H„0,. 
Phloretin  crystallizes  in  microscopic  plates  almost  insoluble  in  cold,  and  but 
sparingly  soluble  even  in  boiling  water  or  in  ether;  very  soluble^n  hot  ftlcohoL 
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It  melts  at  i8o®  (356**  P.).  It  yields  bromo-  and  nitro-derivatireii  by  the  action 
of  bromiDe  and  of  nitric  a«id  respectlTely.  Tetrabromophloretin,  C^K^fir fi^, 
crystallizes  in  pale  yellow  needles,  which  melt  at  205° — 210**  (401° — 410°  F.). 
It  is  insoluble  in  water,  Apuringly  soluble  in  alcohol,  but  easily  soluble  in  ether. 
Nitrophloretin,  CJS.^(SO^)0^,  is  a  brown  amorphous  compound. 

When  phloretin  is  boiled  for  some  time  with  a  concentrated  solution  of 
potassic  hydrate,  it  is  decomposed,  yielding  phloretic  acid  (comp.  p.  493)9 
C,Hj^O„  and  phlorogluool,  C.H^O,. 

Isophlorizin,  according  to  Hochleder  {2jeits,  Chem.,  iv.  721),  occurs  in  the 
leaves  of  the  apple-tree.  It  crystallizes  in  thin  silvery  needles,  which  melt 
at  105°  (221°  F.).  Dilute  acids  act  on  it  far  more  readily  than  on  phlorizin, 
giving  rise  to  isophloretin  and  a  glucose.  Isophloretin  closely  resembles  phloretin, 
but  is  easily  soluble  in  ether.  By  the  action  of  potassic  hydrate,  it  yields 
phloroglucol  and  isophloretic  acid. 

Finipicrin:  C^H^^O^j,  a  bitter  glucoside  occurring  in  the  needles  and  bark 
of  the  Scotch  fir  (Pinus  Sylvestris)  and  in  the  Tht^fa  occidentalis,  forms  a 
bright  yellow  powder,  which  melts  at  about  100°  (212°  F.).  It  is  soluble  in 
alcohol,  very  soluble  in  water,  but  insoluble  in  pure  dry  ether.  When 
heated  with  dilute  acids,  it  is  resolved  into  ericinol  and  a  glucose : 
C„H„0..  +  2OH.  =  C„H„0  +  2C,H„0.. 

Fopulin  ot  Benzoylsalicin  :  Oj^jH^O^,  was  discovered  by  Braconnot,  in  the 
bark  and  leaves  of  the  aspen  {Popultu  tremula).  It  crystallizes  in  colourless, 
silky  needles  of  the  composition  C^K^fl^  +  2OH,,  which  part  with  their  water 
below  100**  (212*^  F.).  Anhydrous  populin  melts  at  180*  (356°  F.).  Populin 
dissolves  in  70  pts.  boiling  water,  but  is  only  slightly  soluble  in  the  cold.  It  is 
more  soluble  in  alcohol,  but  almost  insoluble  in  ether.  Dilute  nitric  acid 
oxidizes  it  to  benzohelicin,  C^IIJO^  (vide  Helicin),  but  when  boiled  with  dilute 
sulphuric  or  hydrochloric  acid,  it  is  converted  into  glucose,  benzoic  acid,  and 
saligenol,  C^H.O, : 

— ^but  the  saligenol  is  converted  into  saliretin  by  the  further  action  of  the  acid. 
Boiled  with  bai-ic  or  calcic  hydrate,  it  yields  saliciu  and  benzoic  acid: 
C^HjPj  +  OH,  =  CjjHjjO,  +  CyH^O,.     Emulsin  has  no  action  on  populin. 

Fropketin :  C^H^^Oy,  a  bitter,  resinous  principle  contained  in  the  fruit  of 
Curumit  prophetarum,  which  when  boiled  with  acids  yields  propheterinf 
C^H^^O^,  and  a  substance  of  the  nature  of  glucose. 

Quinovin  or  Qtiinova  bitter :  C,^U^O,,  is  found  in  the  false  cinchona  bark 
(Oinekana  nova),  and  according  to  De  Yrij  in  the  C.  Calisaya  of  Java.  It  is 
an  amorphous  substance  possessing  a  very  bitter  taste,  almost  insoluble  in  water, 
very  soluble  in  alcohol,  and  moderately  so  in  ether  and  chloroform.  It  is  dex- 
trorotatory, but  is  less  active  than  quinovic  acid.  By  passing  dry  hydrochloric 
acid  into  an  alcoholic  solution  of  quinovin,  it  is  resolved  into  quincvic 
acid,  C^H,gO^,  and  a  peculiar  saccharine  substance  called  quinova-suffor : 
C^H^^O,  +  OH,  =  C,^H„0^  4  CjH^jOj.  The  quinovic  acid,  which  is  deposited  as 
a  white  crystalline  powder  consisting  of  minute  six-sided  plates,  is  insoluble  in 
water,  and  only  sparinglj'  soluble  in  ether  or  boiling  alcohol.  It  is  dibasic,  and 
only  possesses  feeble  acid  properties,  but  is  capable  of  decomposing  the  alkaline 
carbonates.     Its  salts  are  not  crystalline. 

Quinovatannic  acid,  a  substance  resembling  quinotannic  acid,  obtained  by 
Hlasiwetz  (Ann.  Chem.  Pharm.,  Ixxix.  130)  from  the  bark  of  Cinchona  nova 
and  O.  surinamensie.  It  does  not  yield  any  precipitate  either  with  gelatin  or 
with  tartar  emetic,  and  when  boiled  with  dilute  acids,  it  is  decomposed  with 
formation  of  cinchona-  red,  and  a  saccharine  sub^taDce.  ^  I 
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jRatanhia-iannie  aeid,  a  peculiar  tannin  found  in  the  bark  of  rhatainy-root, 
Krameria  triandra,  which  when  boiled  with  dilute  sulphuric  acid  yields  ra^nAia- 
red,  CjjH^Ojj,  and  a  difficultly-crystallizafele  glucose.  On  being  fused  with  potassic 
hydrate,  ratanhia-red  is  resolved  into  protocatechuic  acid  and  phloroglucoL 

Mhamnin  and  Rkamnegin,  Xanthorhamninf  Chrysorkamnin  :  Cj^H^Oj^- 
The  yellow  colouring  matters  contained  in  "  Persian  berries,"  or  "  graines 
^Aififfnon"  derived  from  the  Shamnus  amygdalinus, S. oleoides, It, sclxcUUU, 
growing  in  Persia  and  Turkey,  and  the  B.  i^fectorius  and  B,  tinctoruts^ 
growing  in  Avignon,  have  been  examined  by  many  investigators,  but  the  results 
obtained  are  somewhat  conflicting,  and  the  nature  and  composition  of  these  eom- 
pounds  cannot  be  regarded  as  definitely  «ettied. 

According  toLefort  (Compt  Bend.,li\u.  840,  and  Ixvii.  345),  there  are  two 
isomeric  substances  present  in  the  fruits,  one  of  which,  rhamnin,  is  amorphous  and 
insoluble  in  water,  but  soluble  in  boiling  alcohol;  the  other,  rkamnegin,  crystallises 
in  tufls  of  minute  needles  of  a  yellowish- white  colour,  easily  soluble  in  water  and 
in  hot  alcohol.  It  appears  to  be  identical  with  the  xanthorhamnin  of  GeUatly. 
Rhamnegin  when  boiled  with  very  dilute  acids  is  completely  converted  into  the 
isomeiic  rhamnin,  which  by  the  action  of  stronger  acids  yields  rhamneUn,C^^li^fi^^ 
and  an  isomeride  of  mannitol  (?):  C^^H^O^^  +  30ia:,  =  C^jH^^O,  +  2C,Hj^O,. 
Rhamnetin  is  a  pale  yellow,  crystalline  substance,  very  similar  in  properticK  to 
qnercetin,  with  which  it  is  considered  to  be  identical  by  Hlasiwetz  {Ann.  CAem. 
Pkarm.,  cxii.  107)  and  by  Stein  (Zeits.  ckem.,  v.  183,  568).  When  fused  with 
potassic  hydrate,  it  yields  phlorogluool  and  quercetio  acid.  Sohiitzenberger 
states  (Compt.  Bend.,  Ixix.  350)  that  rhamnegin  may  be  formed  synthetically 
from  rhamnetin  by  heating  its  lead  compound  with  diaoetykaocharon  at 
140°  (284°  F.). 

The  berries  of  the  buckthorn,  B.  catharticus,  contain  rhamnegin,  or,  ao- 
cdrding  to  Schtltzenberger,  two  isomeric  modifications  of  rhamnegin,  one  of  which 
is  more  soluble  in  alcohol  than  the  other,  and  also  more  fusible. 

Bhinanthin  :  C^H^fi^,  a  glucoside  contained  in  the  seeds  of  the  yellow 
rattle,  Bhinanthus  Crista  Galli,  and  in  those  of  Alectrolophus  hirnUns,  crystal- 
lizes in  stellate  groups  of  prisms  which  are  easily  soluble  in  water  and  in  alcohoL 
It  is  decomposed  by  acids  yii^lding  a  saccharine  substance  and  a  brown  doo- 
crystalline  compound,  rhamnogenin. 

Bobinin  ;  C^H^O^,,  a  yellow  crystalline  glucoside  obtained  from  the  blossoms 
of  the  Bobiniapsetkiacacia.  It  forms  silky  needles  which  lose  their  water  of 
crystallization  at  loo^  Robinin  melts  at  195°  (383''  F.).  It  is  insoluble  in 
ether,  and  but  slightly  soluble  in  cold  water  01*  alcohol.  When  boiled  with 
dilute  acids,  it  is  said  to  split  up  in  the  manner  indicated  in  the  equation : 
^ifigfin  +  2OH,  =  CjjHj^O,  +  2C,Hj,0,,  yielding  quercetin  and  a  peculiar 
species  of  sugar,  robinin- sugar,  which  does  not  crystallize,  and  which  when  heated 
with  nitric  acid  yields  trinitrophenol  and  traces  of  oxalic  acid.  It  does  not 
undergo  fermentation  in  contact  with  yeast. 

Buttn,  Phylomelin,  or  Melin :  CjgH,,0j^,20Hj,  is  a  glucoside  which  appears 
to  be  very  widely  diffused  in  the  vegetable  kingdom,  being  contained  in  garden 
me,  Buta  grdveolejts,  in  capers,  from  Capparis  spinosa,  and  in  "  Wa^a"  or 
Chinese  yellow,  in  grains,  the  undeveloped  flower  buds  of  Sopkora  japonica.  li 
crystallizes  Irom  its  aqueous  solution  in  pale  yellow  slender  needles,  which  lose 
their  water  of  crystallization  at  150''  (302''  F.).  It  is  insoluble  in  ether,  only 
slightly  soluble  in  cold  water  or  alcohol,  but  readily  on  boiling.  It  also 
dissolves  easily  in  dilute  alkaline  solutions.  When  boiled  with  dilute  acida,  it 
yields  quercetin  and  a  glucose :  C„H,gOj,  +  30H^  ^  ^u^nP.  +  ^0,H,,0,.  The 
glucose  forms  a  colourless  uncry stall izable  syrup  which  yields  oxalic  add  when 
treated  with  nitric  acid.     It  does  not  undergo  fermentation. 
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Salicin  :  C^fi^fi^, — ^This  glucoside  ocean  in  the  bark  of  many  species  of 
willow  and  poplar,  also  in  the  ^een  parts  of  several  spirseaH,  and  in  castorenm. 
It  may  also  be  prepared  by  the  action  of  nascent  hydrogen  on  helicin ;  or  by 
treating  populin  with  calcic  or  baric  hydrate,  when  it  is  resolved  into  benzoic 
acid  and  salicin.  Salicin  crystallizes  in  broad  colourless  tables  belonging  to  the 
trimetric  system.  It  is  insoluble  in  ether,  but  soluble  in  water  and  in  alcohol ; 
its  solutions  have  a  bitter  taste.  It  melts  at  120^  (248^  F.).  A  solution  of 
salicin  turns  the  plane  of  polarization  to  the  left,  the  apparent  specific  rotatory 
power  being  [a],=  -55°'8.  As  already  noticed  (p.  527),  when  treated  with 
dilate  acid,  or  submitted  to  the  action  of  emulsin  or  synaptase,  it  is  resolved 
into  saligenol  and  glucose  : 

C.H,(CH,.OH).O.C,H,0(OH),   +  OH,  =  C,H,(OH).CH,.OH   +    C,H„0,. 

When  salicin  is  dissolved  in  an  alcoholic  solution  of  sodic  ethylate,  the  liquid 
soon  solidifies  to  a  crystalline  palp  of  sodium-galicin,  C^H^^aO,  (Perkin, 
Chem,  News,  xviii.  1 10).  At  the  ordinary  temperature,  acetic  chloride  converts 
salicin  into  a  compound  of  acetic  chloride  with  tetracetylsalicin  of  the  composi- 
tion C„H„(C,H,0)^Oy.C,H,OCI.  Tetraoetylsalicin  may  be  obtained  from  this, 
together  with  argentic  chloride  and  acetic  acid,  by  treatment  with  argentic 
nitrate.     It  crystallizes  in  needles,  and  is  soluble  in  alcohol,  ether,  and  water. 

Chlorosalicin  :  Cj,H,,C10,,20II,,  is  formed  on  passing  chlorine  into  a  mix- 
ture of  one  part  of  salicin  with  four  of  water  until  the  crystals  have  dissolved. 
After  a  time,  monoohloroaalicin  separates  in  slender  silky  needles.  It  is  insoluble 
in  ether,  but  soluble  in  water  and  in  alcohoL  By  the  continued  action  of 
chlorine,  it  is  converted  into  dichlorosalicin,  C^J{^fi\fi^,20H^,  which  also 
crystallizes  in  long  silky  needles  almost  insoluble  in  ether  and  in  cold  water, 
but  moderately  soluble  in  alcohol.  Ferchlorosaliein,  Cj,H^jCljO,,20H,,  is 
obtained  as  a  yellow  crystalline  powder,  by  passing  chlorine  into  hot  water  in 
which  dichlorosalicin  is  suspended,  and  containing  lumps  of  marble  to  neutralize  tbt 
hydrochloric  add  as  it  is  formed.  It  is  purified  by  washing  it  with  ether,  and 
•absequent  crystallization  from  dilute  alcohoL  All  these  chlorine  derivatives 
lose  the  two  molecules  of  water  of  crystallization  when  heated  to  100^  (2I2°F.). 

Bromosalicin :  C„HjyBrO,,20H3,  separates  in  a  crystalline  state  on  adding 
the  requisite  amount  of  bromine  to  salicin  dissolved  in  20  parts  of  water.  It 
crystallizes  from  water  in  colourless  four-sided  prisms  which  lose  their  water  of 
crystallization  at  110**  (230°  F.)  and  fuse  at  160°  (320^  F.).  It  is  decomposed 
by  emiilsin  with  formation  of  bromosaligenol,  C,H,Br(OH).CH,.OH  (Schmidt, 
Zeits,  chem.,  i.  320). 

Saponin,  Struthin,  Githagin,  Senegin,  Polygalin :  C^H^Oj,. — This  glu- 
ooside,  first  discovered  by  Schrade  in  the  common  soapwort,  Saponaria  affieimaUSf 
has  been  obtained  from  the  oriental  soapwort,  Chfsophila  siruthium,  from  QuiUnja 
bark,  from  the  seeds  of  the  corn  cockle,  Agrostemmagiihaffo,  from  senega  root, 
from  horse  chestnuts,  and  the  roots  of  numerous  plants  belonging  to  the  natural 
orders  Polggalace€By  Caryophyllacea  and  PrimtUacea,  It  is  obtained  as  a 
white  amorphous  fusible  powder  of  peculiar  aromatic  odour,  which  is  insoluble  in 
ether  and  in  dry  alcohol,  but  soluble  in  dilute  alcohol,  and  readily  soluble  in 
water,  forming  a  liquid  which  froths  on  agitation.  Its  solution  is  precipitated 
by  plambic  acetate.  Dilute  acids  decompose  saponin  slowly  in  the  cold,  but 
more  rapidly  when  heated,  with  formation  of  a  glucose  and  separation  o^sapogenin 
(RocUeder,  ZeiU.  chem,,  iii.  632):  C„H„0„  +  2OH,  =  C,,H^O, -f  3C,H^,0.. 
Sapogenin  crystallizes  in  tofts  of  needles,  which  are  soluble  in  alcohol  and  in 
ether. 

The  above  equation  only  represents  the  final  stage,  however,  there  being  tw9 
intermediate  ones,  the  first  resulting  in  the  formation  of  a  subetAnoe  whioh 
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Fremy  designated  €Bsrulie  acid:  C„H^O„  =  C„H^O,,  +  C,H,,0^.  In  the 
second  stage  a  gelatinous  substance  having  the  ooraposition  O^H^O,  i» 
produced:  C^H^O^,  +  OH,  =  C^^H^Oy  +  aC.H^O, ;  whikt  in  some  instances* 
compound,  C^H^O,,  is  obtained  differing  from  sapogenin  in  being  much  more 
readily  soluble  in  alcohol,  and  which  may  be  regarded  as  derived  from  two 
molecules  of  sapogenin  and  one  of  a  glucose,  with  elimination  of  water  : 
2C,,H„0,  +  C.H„0.  -  C^H^O,  +  OH,. 

Sinalbin :  C^H^Nj,S,Oj,  (?),  a  gluco^ide  contained  in  mnstard-seed,  which,  like 
potassic  myronate,  is  decomposed  by  contact  with  an  aqueous  extract  of  mustard, 
yielding  glucose,  acrinyl  thioc^/anate,  CgH^NSO,  and  sinapUine  sulphate, 
CjjHj^NSO^  together  with  an  albuminous  Bubstance.  Acrinyl  thiocyanate  is 
insoluble  in  water,  soluble  in  ether,  and  resembles  the  allyl  compound,  but  is  not 
volatile  (Will,  Zeits,  chem.  [2],  vii.  89). 

Solanine. — An  organic  substance  of  basic  nature  discovered  by  Desfosses  in 
the  fruits  uftheiSo^num  nigrum,  and  since  obtained  from  other  plants  belonging 
to  the  same  genus,  especially  from  the  etiolated  shoots  and  from  the  tubers  of 
the  potato.  It  is  only  slightly  soluble  in  cold  alcohol,  but  easily  when  it  is  hot, 
crystallizing  out  again  on  cooling  in  slender  silky  needles.  It  melts  at 
23 S°  (455**  ^O*  *"<^  "  almost  insoluble  in  water  and  in  ether,  but  readily  Boluble 
in  dilute  acids,  being  precipitated  again  in  a  gelatinous  state  on  the  addition  of 
an  alkali.  It  is  .very  poisonous.  The  composition  of  solanine  is  yet  a  matter  of 
uncertainty,  Zwenger  and  Kind  {Ann.  Chem.  P harm.,  cit.  244;and  cxviii.  129) 
assigning  to  it  the  formula,  C^H^^NOj,,  whilst  Kletzinsky  {Zeits,  chem.  [2],  ii.  127) 
makes  it  C,^H,^N^O^.  Solanine  forms  both  neutral  and  acid  salts,  whicsh  are 
mostly  non-crystnlline. 

When  solanine  is  boiled  with  dilute  hydrochloric  acid,  it  is  decomposed  with 
formation  of  a  glucose  and  an  alkaloid,  solanidine,  to  which  Zwenger  aid  Kind 
assign  the  formula,  C.^5H^jN0,  representing  the  reaction  which  takes  place  in  the 
following  manner:  C^H^^NO^.  +  3OH,  =  C^H^^NO  +  3C,H„0,.  The  solani- 
dine  separates  as  hydrochloride,  from  which,  after  purification  by  crystallizing 
the  salt  from  ether- al(tohol,  the  base  may  be  obtained  by  precipitating  its 
alcoholic  solution  with  ammonia.  Solanidine  is  almost  insoluble  in  water,  but 
easily  soluble  in  alcohol  or  ether,  crystallizing  in  long  colourless  needles.  Its 
solutions  have  a  bitter,  slightly  astringent  taste.  The  salts  of  solanidine,  both 
neutral  and  acid,  are  only  sparingly  soluble  in  water  or  in  dilute  acids  ;  most  of 
them  are  crystalline. 

A  solution  of  solanidine  in  slightly  diluted  sulphuric,  or  cold  oonoentrated 
hydrochloric  acid,  assumes  a  reddish  or  violet  colour  which  passes  into  yellow, 
and  on  standing  deposits  a  bulky  yellow  or  brown  precipitate.  This  (M>nsists  of 
a  mixture  of  the  salts  of  two  bases,  one  of  which,  in  the  free  state,  is  soluble  in 
ether,  and  appears  to  be  impure  soknidine,  whilst  thd  other,  insoluble  in  ether,  is 
solanicine,  C^^H^^NjO  (?).  It  is  very  slightly  soluble  in  water  and  in  alcohol,  and 
requires  2000  parts  of  ether  to  dissolve  it,  crystallizing  in  slender  needles  on  the 
spontaneous  evaporation  of  the  solution.  Its  salts  are  amorphous,  and  easily 
soluble  in  alcohol  or  water,  but  insoluble  in  ether. 

It  will  readily  be  seen  from  this  short  notice  that  our  knowledge  of  solanine 
and  the  products  of  its  decomposition  is  very  unsatisfactory ;  the  whole  subject 
requiring  further  investigation. 

Syringin  :  C^^H^fi^^.OK^. — This  substance  is  obtained  from  the  bark  of 
the  lilac,  Sj/ringa  vulgaris,  in  which  it  occurs  more  abundantly  in  the  month 
of  March  than  in  April.  It  is,  according  to  Kromayer,  identical  with  the 
ligustrin  from  privet  bark.  Syringin  crystallines  from  alcohol  in  long  colourless 
needles  which  lose  their  water  of  crystallisation  at  115°  (239^  F.),  and    then 
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melt  at  212°  (413**  6  F.).  It  is  insoluble  in  ether,  only  sparingly  soluble  in 
cold,  but  readily  in  boiling  water.  When  heated  with  dilute  hydrochloric 
acid,  ayringin  is  decomposed,  yielding  a  fermentable  glucose  and  syringenin  : 
9  A^io  +  OH,  =  C„H,.0.  +  C.H,,0..  Syringenin,  C„H,.0,.OH„  is  deposited 
in  flocks  which  cohere  to  a  pale  rose-coloured  amorphous  mass.  It  loses  a 
molecule  of  water  at  lOo"*  (212°  F.),  and  melts  at  170**— 180°  (338°— 356''  F.). 
It  is  insoluble  in  water  and  in  ether,  but  soluble  in  alcohol. 

Tampicin :  C,^H,^Oj^. — A  glucoside  resembling  convolvulin,  found  by  Spir- 
gatis  {N»  Sep,  Pharm  ,  xix.  452)  in  Tampico  jalap.  It  is  a  resinous  substance, 
soluble  in  alcohol  and  in  ether,  which  takes  up  3OH,,  and  is  converted  into 
tampicic  acid,  Cj^H^O,,,  when  treated  with  .  a  powerful  base.  On  digesting 
tampicin  with  dilute  acids,  it  is  resolved  into  tampicolic  acid,  Cj^H^O,,  and 
glucose  :  Cj^H^Ojy  +  4OH,  =  C,^Hj,0,  +  3C,Hj,0^.  Tampicic  acid  is  amorphous, 
and  easily  soluble  in  water  and  in  alcohol.  Tampicolic  acid  crystallizes  in 
slender  needles,  and  forms  soluble  salts  with  the  alkalies ;  insoluble  salts  with 
the  earths  and  heavy  metals. 

Tannint, — A  number  of  substances  occurring  especially  in  the  bark  of 
plants  and  in  the  husks  of  fruit  and  seeds,  which  are  mostly  amorphous,  of 
astringent  ta^te,  and  precipitate  albumen  and  gelatin  from  their  solutions,  and 
unite  with  animal  membrane  to  form  leather,  are  included  under  this  designation. 
Two  groups  of  tannins  may  be  distinguished :  those  which  are  coloured  black 
or  bluish  by  ferric  chloride,  and  those  which  are  coloured  green.  Apparently 
the  former  yield  a  glucose  and  another  substance  when  boiled  with  dilute  acids, 
and  pyrogallol  on  dry  distillation ;  the  latter,  liowever,  seldom  furnish  a 
glucose,  but  when  submitted  to  the  action  of  potassic  hydrate  frequently  yield 
phloroglucol  besides  protocatechuio  acid,  and  all  furnish  catechol  (pyrocatechin) 
on  dry  distillation.  Each  group  appears  to  contain  a  number  of  bodies  differing 
in  composition,  but  our  knowledge  of  the  majority  or  the  tannins  is  extremely 
imperfect.  Gallotannin,  the  chief  constituent  of  the  gallnuts  of  Quercus 
infectoria  and  of  other  species  of  oak,  and  of  Chinese  gallnuts,  is  a  colourless 
amorphous  substance,  easily  soluble  in  water,  without  action  on  polarized  light. 
When  boiled  with  dilute  attids,  it  yields  a  dextroglucose  and  gallic  acid, 
C,H,(OH)j.C(X)H ;  from  Schiff*'s  experiments  it  is  probable,  however,  that 
gallotannin  is  a  glucoside  of  digallic  acid,  C^^H^^^Oj,  =  zQ^B^fi^  -  OH^,  most 
probably  of  the  formula  C^^H^O,,,  and  that  it  yields  a  single  molecule  of 
glucose  and  two  of  digallic  acid  when  decomposed,  the  latter  being  further 
resolved  into  gallic  acid.  Commercial  tannin  appears  to  be  a  mixture  in  variable 
proportions,  according  to  the  method  of  manufacture,  of  gallotannin  (the  glucoside) 
and  of  tannic  or  digallic  acid,  and  sometimes  to  consist  entirely  of  the  latter,  as 
when  it  yields  no  glucose  on  boiling  with  an  acid. 

Thujin :  C^^^H^Oj,. — A  glucoside  occurring  in  small  quantity  in  the  green 
parts  of  Thuja  occidentalis.  It  crystallizes  in  minute,  glistening,  yellow  plates, 
which  are  soluble  in  alcohol.  When  heated  with  dilute  acids,  it  is  decomposed 
into  a  glucose  and  thujetin:  aC,^H,,0„  +  4OH,  =  C„H„0,,  +  2C,H„0,. 
Thtgetin  is  almost  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether. 
When  boiled  with  baric  hydrate  solution  it  'lof^es  three  molecules  of  water,  and 
is  converted  into  thujetic  acid,  C^^H^O^,.  This  acid  is  also  obtained  by  boiling 
thujin  with  baric  hydrate  solution  in  an  atmosphere  of  hydrogen  until  a  reddish- 
yellow  precipitate  is  formed :  2C,^H,,0j,  +  OH,  =  C^H^O^,  +  2C,Hj,0,.  Thujetic 
acid  crystallizes  in  lemon*yellow  microscopic  needles,  soluble  in  silcohol,  but 
insoluble  in  watei. 

When  thujin  is  heated  for  a  short  time  with  hydrochloric  acid  only,  thujigenin, 
^ifitfiw  <^PF^"  ^  ^  formed.     This  compound  may  be  obtained  from  the 
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extract  of  J^uja  by  adding  basic  plambic  acetate  to  the  filtrate,  after  the  thujin, 
&c.,  has  been  removed  by  phimbic  acetate.  The  precipitate  is  detoinpoeed  bj 
hydric  sulphide,  and  the  clear  solution  evaporated  in  vacuo.  Thujigenin  forms 
microscopic  needles  soluble  in  alcohol,  but  only  very  slightly  soluble  in  water. 

Turpethin :  C^^H^O^,,  a  purgative  resin  extracted  from  the  root  of  Ipomaa 
tmrpeikum.  It  is  easily  soluble  in  alcohol,  but,  unlike  jalapin,  is  insoluble  in 
ether.  It  melts  at  183^  (36i°'4  F.),  and  when  boiled  with  dilute  acids  is  resolved 
into  glucose  and  turpetholic  acid:  C,^H^O„  +  60Hj  =  C„H„0^  +  3C,H^,0,. 
This  acid  may  be  obtained  crystallized  in  colourless  microscopic  needles  which 
melt  at  88°  ( 190^*4  F.).  It  is  easily  soluble  in  alcohol,  less  so  in  ether.  The 
Bodic  salt,  Cj,H,jNaO^,  Forms  sharply -defined  rhombic  plates.  Turpetholic  acid 
is  isomeric  with  jalapinolic  acid,  which  is  apparently  homologous  with  con- 
volvulinolic  acid,  the  three  acids  being  members  of  a  series  of  the  compositioQ 
CnH^O^,  to  which  glyceric  acid  belongs. 

When  turpethin  is  treated  with  baric  hydrate  solution,  it  takes  up  two  mole- 
cules of  water,  and  is  converted  into  turpethic  acid,  C^H^O^,.  It  is  an  amorphous 
substance,  easily  soluble  in  water. 

Xyloatein  or  Lonicerin,  a  bitter  glucoside  said  to  exist  in  the  bernes  of  the 
fly  honeysuckle,  Lonicera  xylo9teum.  The  products  of  its  decomposition  have 
not  yet  be<«n  investigated. 

From  the  foregoing  description  it  will  be  evident  that  our  knowledge  of  the 
glucosides  is  extremely  imperfect :  even  their  exact  compoi^ition  being  unknown 
in  many  cases.  In  very  few  instances  has  it  been  ascertained  that  the  glucose 
obtained  from  a  particular  glucoside  is  identical  or  not  with  sucrodextrose ;  and 
it  is  also  at  present  doubtful  whether  those  which  furnish  more  than  a  single 
molecule  of  glucose  are  all  glucosides,  and  not  derived  from  a  sacdiaron  or  even, 
as  Hlasiwetz  has  suggested  may  be  the  case  with  some  of  the  tannins,  from  a 
still  higher  carbohydrate  of  the  nature  of  dextrin.  A  knowledge*  of  the  exact 
composition  and  constitution  of  the  glucosides  is  now  becoming  of  the  greatest 
importance  in  connexion  with  the  phenomena  of  vegetable  life,  and  it  is  very 
desirable  that  they  should  receive  a  greater  share  of  attention  than  has  hitherto 
been  devoted  to  them  by  chemists  generally. 

§  IV.  The  Thioethers  and  Polysulfhides,  Selsnides^  and 
Tellurides. 

(1607)  The  thioethers  are  the  analogues  of  the  metallic  sulphides,  and  bear 
the  same  relation  to  the  ethera  that  the  thioalcohols  bear  to  the  alcohols,  thua : 

NaS  (C,H.),S 

Sodio  Bulphide.  BthjUo  solphida. 

The  following  are  known :  ^ 

Thioethers  of  the  (CnH„+  J,S  Series. 

B.  P.  *  C 
Methylic  sulphide  CH^.S.CH,  /^i''  ' 

Methylic  ethylic  sulphide  CH,.S.C,H,  66'' 

Ethylic  sulphide  (C,H,),S  91** 

Propylic  sulphide  (^.H^),*  S  130**- 1 3  5* 

Isopropylic  sulphide  (C,Hy)/S  ii6°-i2o® 

Ethylic  isoamylic  sulphide  C,H^.S.C,H,j  158'' 

Butylic  sulphide  (C^H^),*S  182° 

Isoprimary  butylio  sulphide         (C^H^)j^S  173** 

Secondary  butylic  sulphide  (C^hJ^yS  165* 

Isoamylic  sulphide  (C,Hj,),S  zi^" 
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Thioethers  derived  from  other  MonothioalcohoU. 

B  P  '^  C 

AIl.ylic  sulphide  (C,H.),S  140°  * 

Pheny lie  sulphide  (C.HJ^S  293° 

Benzylic  sulphide  {Q^R^.CR^fi  m.p.  49** 

a-Naphthylic  sulphide  (Cj^Hy)g»S  m.p.  about  100° 

Preparation. — Thioethers  may  be  prepared  by  the  foUovnng  methods, 
all  of  which  are  of  more  or  less  general  application. 

1.  By  the  action  of  haloid  deriyativen  of  hydrocarbons,  or  of  the  salts  formed 
by  neutralizing  the  acid  ethereal  sulphates  with  an  alkali  or  alkaline-earthy 
carbonate,  on  potassic  or  sodic  sulphide;  for  example  (oomp.  footnote,  p.  707): 

2C,H,a   +    K,S   =    (C,H,),S    +   2KCL 

Bthylio  chloride.  EUiylio  •olpblde. 

C,H,Br,  +   K,S  ^   Cfifi   +    2KBr. 

Ethjlenio  bromide.  Ethjlenic  sulphide. 

2C,H..KS0,   +   K^   =;   (C,H )  S  +    2K,S0,. 

Potaeeic  ethylie  sulphate.  Ethylio  smpiiAte. 

The  usual  plan  is  to  digest  a  mixture  of  the  haloid  hydrocarbon  derivative  with 
a  concentrated  aqueous  or  aWholic  solution  of  the  sulphide ;  or  if  the  sulphate 
be  employed,  to  distil  it  with  a  concentrated  solution  of  the  sulphide.  It  need 
scarcely  be  stated  that  only  certain  of  the  haloid  derivatives  of  hydrocarbons  are 
available  for  the  preparation  of  corresponding  sulphides,  those  derived  from 
hydrocarbons  in  which  the  carbon  atoms  are  regarded  as  entirely  or  partially 
united  in  a  closed  chain  by  the  displacement  of  hydrogen  atoms  attached  to 
carbon  atoms  which  form  part  of  the  closed  chain  being  without  action  on  the 
metallic  sulphides,  whereas  those  in  which  the  halogen  is  contained  in  the  side 
chain,  as  a  rule,  readily  furnish  oorresponding  sulphides.  Thus  the  modification 
of  monochlorotoluene  termed  benzylic  chloride,  C^Hj.CH^Cl,  at  once  reacts  with 
potassic  and  sodic  sulphide,  whereas  the  chlorotoluenes  of  the  formula  C^H^CLCH^ 
are  not  in  the  least  affected  by  these  reagents.  Isomeric  haloid  derivatives  of 
hydrocarbons  in  which  tbe  carbon  atoms  may  be  regarded  as  forming  an  open 
chain  may  also  act  very  differently ;  thus  of  the  two  dibromethanes  CH^Br.CH^Br 
and  CH,.CHBr2,  only  the  former  is  converted  into  the  corresponding  sulphide 
by  the  action  of  potassic  or  sodic  sulphide. 

2.  The  previous  method  is  available  only  for  the  preparation  of  simple  thio- 
ethers, but  by  the  action  of  the  haloid  derivatives  of  hydrocarbons  on  the 
potassium  and  sodium  and  other  metallio  derivatives  of  the  thioalcohols  both 
mixed  and  simple  thioethers  may  be  obtained ;  thus : 

an  SNa   +   CH,I   =    C,H,.S.CH,   +   Nal. 

Sodic  ethyuo  solphide.  Methyllc  ethylic  sulphide. 

2CH..SNa     +     CHI      «     CH,(S.C,H.),      +      2NaI. 

Sodic  ethylio  sulphide.  Methylenic  iodide.  Methjlenlc  ethylic  sulphide. 

3C  H^.SNa     +     CHCl,     =      CH(S.C  H.),      +      3NaCl. 

Sodic  etnyho  sulphide.       Chloroform.       Thioethylic  onhoformato. 

4C,H,.SNa      +      CCl,     =      C(S.C  H,),     +      4Naa 
Bodio  ethjiic  sulphide.     TetrtMhloro-        Thioethylic  ortho* 
methane.  carbonate. 

The  remarks  above  made  with  regard  to  the  kind  of  haloid  derivatives  available 
for  the  preparation  of  thioethers  are  equally  applicable  in  the  present  case.  The 
formation  of  thioethers,  in  this  manner  is  far  more  easily  effected  than  that  of 
the  ethers  by  the  corresponding  reactions;  it  appears,  moreover,  that  in  the 
formation  of  the  thioethylic  ethers  the  reaction  takes  place  the  less  readily 
between  the  sodic  thioethylate  and  the  haloid  derivative  the  greater  the  number 
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of  carbon  atoms  in  the  latter :  much  more  heat  being  developed,  and  the  reaction 
taking  place  much  more  readily,  when  methylic  or  ethylic  iodide,  for  example, 
acts  upon  sodic  thioethylate,  than  when  amylic  chloride  is  employed ;  similarly, 
tetrachloromethane  is  more  readily  converted  into  the  thioether  than  hexi- 
chlorethane,  and  tetrachlorethylene  is  far  less  active  than  either  of  the  formiv. 
(Claesson,  Jowr,  pr,  Chem.  [2],  xv.  a  12.) 

3.  A  third  method,  which  is  available  for  the  preparation  of  thioethers 
corresponding  to  the  thiophenols,  a«  well  as  of  thot^e  correttponding  to  the  thio- 
uarbinols,  consists  in  Bubmitting  the  plumbic  and  other  metallic  deriratives  of 
the  thioaloohols  to  dry  distillation  : 

(n,H,.S),Pb  =   PbS   +   (C,H.),S. 

Plambic  thiophenato.  Phenylic  sulphide. 

Properties, — ^The  thioethers  are  mostly  oolourless  or  yellow  liquid  bodies, 
insoluble  or  nearly  so  in  water,  but  soluble  in  alcohol,  ether,  Ac.  It  is  usually 
stated  that  they  possess  highly  offensive  odours,  but  this,  in  most  cases,  is  probably 
true  only  of  the  impure  substances. 

On  oxidation  with  nitric  acid  they  are  converted  into  compounds  such  as 
(C,H  J,SO,  (C,H,)SO„  (C,H,),SO^,  the  thioethers  derived  from  the  thiocarbinols 
yielding  both  monoxides  {sulphines)  and  dioxides  (sulphonet),  whilst  ihone  derived 
from  the  thiophenols  apparently  furnish  only  compounds  of  the  latter  class. 

The  thioethers  derived  from  the  thiocarbinols  are  also  characterized  by  the 
property  of  uniting  directly  with  the  moniodoparaffins  to  form  crystalline  com- 
pounds such  as  (CjH J3SI  ■=  (C,H J,S  +  CJI J.  These  compounds  are  converted 
into  corresponding  hydroxides  or  hydrates  by  the  action  of  argentic  hydroxide  or 
hydrate:  (C,H,),S.I  + AgOH  =  Agl  +  (C,HJ,S.OH;  the  bodies  so  produced 
being  in  every  respect  analogous  to  the  metallic  hydroxides  such  as  pota&uc 
hydroxide.  They  are  very  soluble  in  water,  and  furnish  caustic,  strongly  alkaline 
solutions,  which  absorb  carbonic  anhydride  on  exposure  to  the  air ;  they  neutralitt 
acids,*  forming  corresponding  salts:  (C,H,),S.OH  +  HNO,  =  (C,HJ,S.NO, 
-f-OH,;  they  precipitate  metallic  hydroxides  from  solutions  of  metallic  salts: 
2(C,H,),S.0H  +  ZnSO^  =  Zn(OH),  +  [(C,H,),S],SO, ;  and  they  furnish  crystaUine 
chloroplatinates :  H,PtCl,  +  2(C,Hp3S.0H  =  [(C,H,),S],PtCl,  +  2OH,. 

Several  compounds  of  the  thioethers  derived  from  the  thiocarbinols  witb 
metallic  salts,  such  as  (C,H^),S.HgCl,,  have  also  been  obtained. 

(1608)  Ethylic  Sulphide  ovThioethylic Ether:  (C^HJ^S. — ^This  compound 
is  most  conveniently  prepared  by  passing  ethylic  chloride  prepared  by  Groves' 
method  (11 76)  into  an  alcoholic  solution  of  potassic  sulphide,  which  is  gentlf 
heated  in  a  flaHk  or  retort  attached  to  a  reversed  condenser ;  after  a  time  the 
product  is  distilled  off,  well  washed  with  water,  dried  over  calcic  chloride  aod 
rectified.     The  solution  of  sulphide  is  prepared  by  saturating  one-half  of  a  con- 


*  Thomsen  {Jour,  pr,  Chem.  [2],  xiii.  241)  has  shown  that  on  nentralizmg 
aqueous  solutions  of  the  hydroxides  by  hydrochloric  and  sulphuric  acids  almost  as 
much  heat  is  developed  by  the  hydroxide  (C^HJ^S.OH  as  by  those  of  the  alkali 
and  alkaline-earthy  metals ;  thus  : 
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centrated  alcoholic  solution  of  potassic  hydrate  with  Bulpharetted  hydrogen,  and 
then  mixing  it  with  the  other  half.  Ethylic  salphide  may  also  he  prepared  hy 
the  aid  of  ethylic  bromide  or  iodide,  or  of  potassic  or  sodio  ethylic  sulphate ;  it 
is  formed  on  adding  sodic  thioethylate  to  a  solution  of  potassic  ethylic  sulphate, 
warming  gently  for  a  short  time,  and  then  distilling ;  and  when  a  solution  of 
potassic  hydrate  and  potassic  ethylic  sulphate  is  mixed  with  thioethylio  alcohol 
and  the  mixture  distilled :  this  latter  method  can  be  employed  with  advantage 
for  the  preparation  of  ethylic  sulphide  perfectly  free  from  thioethylic  alcohol 
(Claesson).* 

The  crude  thioethylic  alcohol  prepared  by  distilling  a  solution  of  potassic 
thiohydrate  with  potassic  or  sodic  ethylic  sulphate  invariably  contains  ethylic 
sulphide;  when  the  potassic  salt  is  employed,  the  reaction  takes  place  more 
rapidly  and  at  a  lower  temperature,  and  relatively  much  less  sulphide  (about 
lo  per  cent.)  is  produced,  than  when  the  sodic  salt  is  used,  the  latter  furnishing 
about  20  per  cent,  of  sulphide.  If  during  the  distillation,  however,  the  solution 
be  kept  saturated  with  sulphuretted  hydrogen,  the  oil  which  passes  over  contains 
only  about  4  per  cent,  of  sulphide.  The  explanation  of  this  appears  to  be  that 
when  a  solution  of  potassic  thiohydrate  is  heated,  sulphuretted  hydrogen  is  given 
off,  potassic  hydrate  being  produced,  and  thus  the  conditions  necessary  to  the 
formation  of  the  sulphide  are  realized ;  but  by  passing  in  sulphuretted  hydrogen, 
the  formation  of  potassic  hydrate  is  in  great  measure  prevented,  and  hence  very 
little  sulphide  is  formed  (Claesson). 

Ethylic  sulphide  is  a  colourless,  mobile,  inflammable  liquid,  of  most  unpleasant 
alliaceous  odour  (P),  insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether ;  it 
boils  at  gi°  (i95'*-8  F.),  and  at  20^*  (68^  F.)  has  the  sp.  gr.  -825.  It  com- 
bines with  mercuric  chloride,  forming  the  compound  (C,H^)jS.HgCl,,  which 
crystallizes  in  monocliuic  priums  ;  platinic  chloride  also  unites  with  it,  forming 
the  compound  2(C,Hg)2S.PtCl4.  It  is  violently  acted  upon  by  chlorine,  yielding 
a  series  of  substitution  derivatives  which  have  not  yet  been  sufficiently  examined, 
however.  When  acted  upon  by  nitric  acid  of  sp.  gr.  1*2,  it  is  converted  into  the 
monoxide  (C^Hj^SO,  whereas  the  fuming  acid  converts  it  into  the  dioxide  cr 
diethylsulphone,  (C2H^)2SO,.  According  to  B.  H.  Smith  (J<mr.  Chem.  Soc», 
xxii.  302),  it  is  converted,  on  treatment  with  concentrated  sulphuric  acid,  into  an 
acid  of  the  composition  C^H^S^O,,  which  yields  crystalline  salts,  such  as  the 
baric  salt  (CgH^),S^O,Ba ;  the  nature  of  this  acid  has  not  been  ascertained, 
but  it  appears  probable   that  it  is   the   analogue  of  hydric  ethylic  sulphate 


**  From  the  manner  in  which  the  heat  is  developed  on  mixing  dilute  aqueous 
solutions  of  potassic  hydrate  and  of  sulphuretted  hydrogen,  it  appears  that  only 
the  reaction  represented  by  the  equation  KOH  +  H^S  =  KSH  +  OH,  takes  place, 
and  that  the  sulphide  E,S  is  not  produced  even  when  a  considerable  excess  of 
potassic  hydrate  is  employed  (Thomsen) ;  from  this  there  can  be  little  doubt 
that  the  sulphides  K,S  and  Na^S  are  decomposed  when  dissolved  in  water  with 
formation  of  sulphydrate  and  hydrate,  the  decomposition  being  more  or  less  complete 
according  to  the  amount  of  water  present.  But  if  this  be  the  case,  the  formation 
of  ethylic  sulphide  is  at  most  only  partially  due  to  the  reaction  K,S  +  2CJ3.fi\  = 
2KCI  +  (C,HJ,S ;  probably  the  greater  part  of  the  sulphide  is  produced,  as 
Claesson  has  suggested  {Jour,  pr,  Chem.  [2],  xv.  218),  by  the  successive 
occurrence  of  the  following  reactions : 
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produced  by  the  action  of  the  acid  on  the  thioethjHc  alcohol  present  as  impurity 
in  the  sulphide  employed:  C,H,.SH  +  H,SO^  =  C,H,S.SO,.OH  +  OH,.  An 
aqaeons  solution  of  potassic  hydrate  is  without  action  on  ethylic  sulphide,  but 
when  it  is  distilled  over  the  solid  hydrate,  it  is  partially  decomposed  with 
formation  of  alcohol  and  potassic  sulphide.  On  gently  wanning  a  mixtnre  of 
ethylic  sulphide  and  ethylic  iodide,  the  two  substances  unite  to  form  a  crystalline 
compound  of  the  formula  (0211^)381 ;  this  compound  and  its  homologues  are 
described  in  section  16 12. 

(1609)  Sig^r  Sulphides  of  Ethyl— Ethylic  Disulphide:  (C^H^lgS,.— 
This  compound  is  most  readily  obtained  in  the  pure  state  by  the  action  of  iodine 
on  the  thioethylates :  2C,H,.SNa  +  1,  =  2NaI  +  (C,H J,Sj.  It  is  also  formed 
on  heating  thioethylic  alcohol  with  sulphur  for  about  six  hours  at  1 50°  (302°  F.)  : 
2C,H,.SH  +  S  =  (C,H,),S,  +  SH,;  and  together  with  higher  sulphides  by  distilling 
'  liver  of  sulphur'  with  a  solution  of  potassic  or  sodic  ethylic  sulphate.  It  is  a 
colourless  oil,  of  about  the  sp.  gr.  of  water,  possessing  a  most  unpleasant  odour ; 
it  boils  at  151°  (303^*8  F.).  Like  the  monosulphide,  it  produces  a  precipitate 
in  an  alcoholic  solution  of  mercuric  chloride,  and  in  solutions  of  several  other 
metallic  salts.  When  oxidized  by  nitric  acid,  it  is  converted  into  the  oxide 
(C,H5),SjO,,  which  on  further  oxidation  yields  ethylsulphonic  acid,  C,Hj.SO,H. 
Boidies  which  apparently  are  chlorinated  derivatives  of  ethylic  bisulphide  have 
been  obtained  by  Guthrie  by  the  action  of  the  chlorides  of  sulphur  on  ethylene. 

Ethylic  sulphide  is  not  in  the  least  affected  by  heating  with  sulphur,  and  it 
may  therefore  be  freed  from  thioethylic  alcohol  by  this  means,  but  when  the 
disulphide  is  heated  with  Kulphur  at  150°  (302°  F.)»  it  is  converted  into  the 
trisulphide  (Miiller,  Jour,  pr.  Chem.  [2],  iv.  34),  (C,Hj),S,.  This  compound 
cannot  be  distilled  except  in  a  current  of  steam ;  it  is  a  heavy  yellow  oil,  which 
may  be  deprived  of  the  third  atom  of  sulphur  without  difficulty,  being  slowly 
converted  into  the  disulphide  by  shaking  with  metallic  mercury  or  with  potassic 
hydrate  solution ;  it  is  not  altered,  however,  by  heating  with  thioethylic  alcohol 
at  150°  (302°  F.).  On  oxidation  with  nitric  acid,  it  yields  ethylsulphonic  and 
sulphuric  acids. 

Ethylic  Tetrctsulphide :  (CjH^)jS^,  is  obtained  when  a  solution  of  sulphur 
chloride,  S^Cl,,  in  carbonic  bisulphide  is  added  to  a  similar  solution  of  sodic 
thioethylate  (Claesson,  ibid.  [2],  xv.  214).  It  is  a  heavy  yellow  oil,  possessing 
an  extremely  unpleasant,  persistent  odour,  easily  soluble  in  ether,  but  with 
difficulty  in  alcohol.  It  is  decomposed  into  the  bisulphide  and  sulphur  on  distilla- 
tion alone,  but  when  distilled  with  vapour  of  water,  it  is  in  great  part  split  up 
into  sulphur  and  ethylic  trisulphide.  On  oxidation  with  nitric  acid,  it  yields 
sulphur  and  ethylsulphonic  acid.  It  dissolves  a  considerable  quantity  of  sulphur 
at  150®  (302**  F.),  and  perhaps  combines  with  it  to  form  a  peutasulphide. 

(16 10)  Somologu€3  of  Ethylic  Sulphide. — These  compounds  are  obtained 
by  methods  precisely  similar  to  those  employed  in  the  preparation  of  ethylic 
sulphide,  and  they  exhibit  the  closest  resemblance  to  this  latter  compound  in 
their  properties  generally.  The  first  term  of  the  series,  methylic  sulphide, 
(CH,)2S,  enters  into  reaction  with  other  substances  far  more  readily  than 
the  homologous  compounds.  It  combines  directly  with  bromine  to  form  a 
crystalline  bromide,  (CH,),SBr^,  the  reaction  being  attended  with  the  develop- 
iTient  of  much  heat;  this  bromide  is  converted  into  the  corresponding  oxide, 
(CH  J,SO,  on  treatment  with  moist  argentic  oxide.  It  also  forms  a  crystalline 
compound  with  hydriodic  acid  when  it  is  saturated  with  the  gas  at  a  low  tem- 
perature ;  the  product  is  decomposed,  however,  into  its  generators  when  mixed 
with  water,  and  when  heated  in  closed  tubes,  it  yields  thiomethylic  alcohol  and 
the  compound  (CH,)3SI.  Comparatively  little  is  known  of  tly  remaining 
thioethera  of  the  (CnHjQ  ^  ^fi  series,  their  behaviour  on  oxidatii^n  having  been 
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chiefly  studied  (comp.  Sa^tzeflT,  Ann,  Chem,  PAarm.,  cxxxix.  354;  cxUv.  148; 
Claesson,  Jour,  pr,  Ckem,  [2],  xv.  174). 

(161 1)  Compounds  formed  by  the  Union  of  the  Thioethers  of  the  (C^H^n  +  X^ 
Series  toitA  the  Moniodoparaffins, — The  formation  of  these  oompounds  is 
express^  hy  the  general  equation 

(CaH.„+.),S   +   C„H,.+.I   =   S(C.H^+J,I. 

Apparently,  this  reaction  takes  place  the  more  readily  the  fewer  the  number  of 
carbon  atoms  contained  both  in  the  thioether  and  in  the  iodide ;  thus  methylic 
sulphide  and  methylic  iodide  at  once  enter  inter  reaction  at  the  ordinary  tem- 
perature and  a  considerable  amount  of  heat  is  developed  by  their  union,  but 
ethylic  sulphide  and  ethylic  iodide  only  slowly  combine,  so  that  in  preparing 
the  triethiodide,  S(C|UJ,I,  it  is  desirable  to  heat  the  mixture  to  about  100® 
(212°  F.).  It  is  not  requisite  that  both  the  thioether  and  iodide  should  contain 
the  same  radicle,  although  there  is  apparently  a  greater  tendency  to  form 
the  compounds  containing  only  similar  radicles,  a  mixture  of  methylic  sulphide 
and  ethylic  iodide  yielding,  for  example,  a  mixture  of  the  trimethiodide, 
S(CH,),I,  and  triethiodide,  S(C,Hj),I  (Dehn).  Similarly,  when  benzylic  sulphide 
is  submitted  to  the  action  of  methylic  iodide,  a  mixture  of  the  trimethiodide 
S(CHJ,I  and  of  the  benzyldimethiodide  S(C,H^)(CH,),I  is  produced,  the  forma- 
tion of  which  may  be  accounted  for  in  the  following  manner : — 

3CH.I  +    (C,H,).S  =  (CH,)^  +   2C,H,I. 

(CH^.8  +  C,H^   =   S(C,H,)(CH.).I.     (CH,).S   +   CH.I  =  S(CH.).L 

Probably,  however,  in  all  these  cases  the  iodide  and  sulphide  unite  directly 
in  the  first  instance,  and  the  compounds  with  similar  radicles  are  formed  by  the 
subsequent  decomposition  of  the  resulting  '  mixed*  derivative. 

The  thioethers  also  unite  with  the  monobromopai-afiins,  but  far  less  readily 
than  with  the  moniodoparaffins,  and  as  only  traces  of  the  triethylchloride 
S(CjH  J,C1  are  formed  by  prolonged  heating  of  a  mixture  of  ethylic  sulphide  and 
chloride  at  xoo°  (212°  F.),  there  can  be  little  doubt  that  the  chloroparaifins  will 
be  £[>und  to  exhibit  still  less  tendency  to  combine  with  the  thioethers. 

Hitherto  no  attempt  has  been  made  to  prepare  compounds  containing  three 
dissimilar  hydrocarbon  radicles,  and  only  the  methyl  and  ethyl  compounds 
have  been  investigated :  they  have  been  studied  by  Oefele,  to  whom  we  owe  the 
discovery  of  this  property  of  the  thioethers,  Ann,  Chem.  Pharm.,  cxxxii.  82  ; 
Ihhn,  ibid..  Sup Av,  83;  Cahours,  ibid.,  cxxxv.  352;  cxxxvi  151  ;  Compt. 
Jtend*,  Ixxx.  1317;  Scholler,  Deut.  chem.  Oes.  JBer,,  vii.  1274;  and  Kriiger, 
Joum.pT.  Chem,  [2],  xiv.  193. 

Sulphur  Triethiodide:  *S(C,H^),I,  is  best  prepared  by  heating  a  mixture  of 
ethylic  iodide  and  sulphide  in  molecular  proportions  for  about  an  hour  at 
105° — no**  (221® — 230®  F.);  the  mixture  remains  perfectly  colourless,  and 
after  about  fourteen  days  at  least  half  is  deposited  in  the  form  of  brilliant  white 
crystals  of  the  iodide  (Dehn).  It  is  also  formed  on  heating  thioethylic  alcohol 
wi(h  ethylic  iodide  at  140**  (284**  F.)  for  6 — 7  hours  (Dehn),  or  with  hydriodic 
acid  (Cahours) ;  thioethylic  alcohol  cooled  in  a  refrigerating  mixture  of  ice  and 


*  Oefele  regarded  the  group  S(CsH^,  as  analogous  in  composition  with 
triethylamine,  N(C,H,),,  and  therefore  named  this  compound  triethysulphine 
iodide,  and  the  term  sulphine  has  since  been  applied  to  all  the  compounds  of 
similar  constitution.  But  the  analogy  is  obviously  incomplete  as  trie^hylamine 
combines  directly  with  acids,  which  is  not  the  case  with '  triethylsulphine,'  which 
moreover  cannot  be  isolated.  It  appears  desirable,  therefore,  to  apply  names  to 
these  compounds  similar  to  those  employed  for  the  organo-metaUic  compounds,   f 
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salt  readily  abflorbn  dry  hydriodic  add  gas,  bat  without  forming  a  eiystalline 
oompoand :  on  heating  the  saturated  solution  for  twenty-four  hours  at  100^ 
(212°  F.)»  sulphuretted  hydrogen  and  sulphur  triethiodide  are  produced. 

It  orystallizes  in  rhombic  prisms,  and  is  very  soluble  in  water  and  in  warm, 
strong  alcohol,  but  only  with  difficulty  soluble  in  etber;  it  melts  a  little  above 
TOO°  (212°  F.),  being  entirely  decomposed  into  its  generators.  The  chloride 
S(C,H  J,C1,  which  may  be  obtained  by  agitating  a  solution  of  the  iodide  with  freshly 
precipitated  argentic  chloride,  crystallizes  in  long  white  glistening  needles.  It 
forms  with  mercuric  chloride  a  double  chloride,  S(C,H,),C1,  4HgCl,,  which  crys- 
tallizes in  glistening  needles  or  plates.  The  platinochloride,  Pt[S(C,HJ J,C1,, ' 
crystallizes  on  slow  evaporation  of  a  moderately  concentrated  solution  in  magni- 
ficent garnet-red  monoclinic  prisms.  The  hydroxide,  S(CgH,),.OH,  which  is 
obtained  by  treating  a  solution  of  the  chloride,  bromide,  or  iodide  with  a  slight 
excess  of  argentic  hydroxide  and  evaporating  in  vacuo,  forms  deliquescent  crystals 
which  attack  the  skin  like  potaasic  hydrate ;  it  expels  ammonia  from  its  salts  on 
warming,  and  precipitates  the  solutions  of  various  metallic  salts ;  by  neutralizing 
it  with  various  aoids,  salts  such  as  the  nitrate,  S(C,HJ,.N0,,  and  sulphate 
[S(CgH,)J,SO^,  are  produced,  and  may  be  obtained  in  crystals  by  carefully  con- 
centrating the  solutions. 

Sulphur  lyimethiocUde :  S(CH,),I,  and  the  various  compounds  formed  from 
it  by  displacing  the  iodine  by  other  negative  radicles,  exhibit  the  closest  resem- 
blance to  the  corresponding  triethyl  compounds. 

Sulphur  DiethmelAiodide :  S(C^p,(CH^I.— This  compound  may  be 
obtained  by  combining  ethylic  sulphide  with  methylic  iodide,  or  methylic  ethylic 
sulphide  with  ethylic  iodide,  the  combination  being  effected  by  heating  th« 
mixture  of  thioether  and  iodide  to  which  a  little  water  has  been  added  on  the 
water  bath  in  a  flask  attached  to  a  reversed  condenser  until  the  whole  forms  a 
homogeneous  reddish-brown  liquid.  Unless  water  is  added,  the  combination  does 
not  appear  to  take  place  under  the  ordinary  pressure ;  and  if  a  mixture  of  ethylic 
sulphide  and  iodide  in  molecular  proportions  is  heated  in  a  sealed  tube  at  1 20^ 
(248°  F.)  for  several  days,  a  mixture  of  sulphur  trimethiodide  and  triethiodide 
is  obtained.  According  to  Kriigpr,  however,  the  two  products  obtained  from 
ethylic  and  methylic  ethylic  sulphide  respectively  are  not  identical,  but  isomeric : 
Sulphur  diethmethiodide,  as  the  compound  formed  from  ethylic  sulphide  and 
methylic  iodide  may  be  termed,  and  all  the  simple  salts  formed  from  it  by  dis- 
placing the  iodine  by  negative  radicles,  being  so  extremely  soluble  and  deliquescent 
as  to  be  uncrystallizable,  whereas  the  ethmethethiodid^  crystallizes  in  long 
extremely  deliquescent  needles,  and  furnishes  a  series  of  double  salts  which  are 
throughout  deeper  in  colour  than  those  of  the  same  composition  derived  from 
the  diethmethiodide  and  also  crystallize  differently  and  exhibit  lower  melting  points, 
as  will  be  evident  from  the  following  descriptions ;  moreover,  the  diethmethylchlo- 
ride^combines  with  nx  molecules  of  mercuric  chloride,  whereas  the  ethmethethyl- 
chloride  combines  with  only  two  molecules  of  this  salt  :* 

IHethylmethyl  Compaundi. 

Flatinoehloride:  [S(C,H,),(CH,)],PtCl,,  crystallizes  in  forms  of  the 
regular  system,  and  melts  at  214^  (417''' 3  F.) ;  the  crystals,  which  are  of  a 
light- red  colour,  are  reduced  to  a  yellow  powder  when  dried  over  calcic  chloride. 

Aurichloride :  [S(C,HJ,(CH  )]AuCl., — Long  pale-yellow  needles,  melting 
at  192^  (377»-6  F.). 


*  From  this  it  would  appear  that  the  several '  units  of  affinity'  of  sulphur 
are  not  of  the  same  value.  The  discussion  of  this  question  may,  however,  oon- 
veniently  be  postponed  for  consideration  later  on  (see  hydroxanuBCs^*       i 
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H^drargyroehloride:  S(C,H,X(CH,)Cl.6HgCa,.— Hexagonal  plates,  which 
melt  at  i9o*^(388**-4  P.). 

HydrargyrocyafUodide:  S(C  H,),(CH,)HgCNI,.— Pale-ydlow  tetragonal 
ciystals,  which  melt  at  115®  (239    F.). 

EthyUnethylethyl  Compounds. 

Platinockloride:  [S(C,H,),(CHJ],PtCl,.-— Dark-red  monoclinio  prisma, 
which  heoome  rose-red  on  drying,  and  then  melt  at  186°  (366^*8  F.) ;  by  long 
continued  digestion  of  its  aqueous  solution  it  may  be  converted  into  the  iaomeride 
of  higher  melting  point,  but  the  reverse  change  has  not  been  effected. 

Auriekloride:  [S(C,HJ,(CH,)]Aua^.— Always  separates  from  solution  as  a 
sulphur-yellow  microcrystalline  powder,  and  melts  at  178**  {2S2'*,4  F.). 

HydrargyroehUnide:  S(C,Hj,(CH^C1.2HgCl,.— Bhombic  plates,  melting 
at  ii2'*(233*-6F.). 

Sydrargyrocganiodide :  8(C,Hj,(CH,)HgCNI,.— Amber-yellow  monoclinic 
prisms,  which  melt  at  98°  (2o8°-4  F.). 

It  is  a  curious  fact  that  mercuric  sulphide  always  separates  as  the  black  modi- 
fication on  decomposing  the  hydrargyrochlorides  by  sulphuretted  hydrogen, 
whereas  the  double  salts  formed  with  the  aid  of  mercuric  cyanide  furnish  the  red 
sulphide. 

(16 1 2)  Compounds  farmed  by  the  Union  of  the  Thioethers  unth  Dihcdoid 
Paraffin  Derivatives, — According  to  Dehn,  when  a  mixture  of  ethylic  sulphide 
and  ethylenic  bromide  in  moleeular  proportions  with  one*half  to  its  own  volome 
pf  water  is  heated  in  sealed  tubes  at  125**— 130*'  (257°— 266®  F,),  ethylic 
Vromide  and  diethylenic  disulphide  are  produced,  together  with  sulphur  triethyl- 
bromide,  and  a  compound  which  he  represents  by  the  formula  S(C,Hj(C,H^),Br,, 
but  which  is  more  probably  a  compound  of  the  formula  S(CsH^Br)(C,HJ,Br ;  a 
resinous  product  is  also  formed,  and  the  aqueous  solution  appears  to  contain  other 
substances  besides  those  mentioned.  Cahours  states  that  by  heating  a  mixture 
of  I  vol.  ethylenic  bromide  and  2  vols,  methylic  sulphide  at  100°  (212^  F.),  a 
crystalline  compound  is  gradually  formed,  having  the  formula  Cfi^firfi^  = 
(?)  C,H^[S(CH^,Br], ;  and  that  monobromethylenic  bromide  yields  the  com- 
pound  C A,Br,8.  =  (?)  C,H^S<CH^^r],. 

( 1 6 1 3)  Allyuc  Sulphide  :  (C,U  J,S.— This  compound  is  the  chief  constituent 
of  the  oils  of  garlic  and  onion,  although  apparentiy  it  is  not  usually  present  as 
such  in  the  plants,  but  b  formed  during  the  distillation  from  some  more  complex 
substance ;  it  is  also  obtained  mixed  with  the  thiocyanate  from  a  number  of 
plants  which  yield  sulphur-containing  oils,  such  as  Tklaspi  arvense,  Erysimum 
aliaria,  &&  It  may  be  prepared  artificially  by  the  action  of  allylic  bromide  or 
iodide  on  a  solution  of  potassic  sulphide. 

Allylic  sulphide  is  a  colourless  oil,  of  sharp,  unpleasant  odour,  lighter  than 
water,  in  which  it  is  only  1  slightly  soluble;  it  boils  at  140°  (284^ F.).  It 
combines  with  argentic  nitrate  when  mixed  with  an  alcoholic  solution  of  this 
salt ;  a  precipitate  being  obtained  which  when  re-crystallized  from  hot  water  forms 
white  needles  of  the  composition  (C,H^,S.2AgN0^.  It  also  yields  precipitates  with 
other  metallic  salts,  but  the  compounds  produced  have  been  very  insufficientiy 
examined.  It  appears  to  combine  with  the  iodoparaffins,  and  on  carefully  mixing 
it  with  bromine  in  presence  of  ether,  colourless  needles,  probably  of  the  compo* 
ntion  (C,U^r,)^,  are  obtained. 

(16 1 4)  Phbvtlio  Sulphides.— -Phenylic  sulphide,  (C^HJ^,  may  be 
obtained  by  the  destructive  distillation  of  the  metallic  derivatives  of  thio^ 
phenoU  or  of  sodic  benienesulphonate,  C,H,.SO,Na  (Stenhouse,  B.  8oe,  Proe. 
ziv*  353 ;  zvii*  62),  and  by  the  decomposition  by  heat  of  the  thiophosphates 
£»rmed  by  the  action  of  the  sulphides  of  phosphorus  on  phenol  (Kekul^)^^^^ip 


712  THI0BTHIR8.  [l6l5* 

It  16  a  nearly  colourless  oU  of  aromatic,  ulightly  alliaceons  odour,  insoluble  in 
water,  but  very  soluble  in  hot  alcohol,  ether,  benzene,  and  carbonic  bisulphide ; 
it  boils  at  292°  (5  j  7^*6  F.).  Its  alcoholic  solution  is  not  precipitated  by  argentic 
nitrate  or  mercuric  chloride ;  it  is  also  incapable  of  combining  with  the  iodo- 
paraffins.  When  oxidized  by  concentrated  nitric  acid  or  chromic  acid  mixture,  it 
is  converted  into  diphenylsulphone  or  sulphobenzid,  (C,H J,SO;.  It  is  dissolved  by 
warm  concentrated  sulphuric  acid,  being  apparently  converted  into  an  acid  of  the 
formula  C.H.S^O,  (Stenhouse). 

Phenylic  Disulpkide :  (C^H  J,S,,  which  may  be  prepared  from  thiophenol  in 
a  variety  of  ways  (1580),  crystallizes  in  long  white  shining. needles  or  well- 
developed  prisms*  which  melt  at  60^  (140^  F*)  >  ^J  ^^®  action  of  nascent 
hydrogen  it  is  converted  into  thiophenol,  and  on  oxidation  yields  benzenesulphooic 
acid.  It  combines  with  bromine  forming  the  compound  (C^H3),S,Br,,  which 
crystallizes  in  nacreous  laminae.     No  higher  sulphides  of  phenyl  are  known. 

(16 1 5)  Phbntlenic  Sulphides. — On  passing  phenylic  sulphide  through 
a  red-hot  tube,  it  is  converted  by  the  withdrawal  of  two  atoms  of  hydrogen  into 
diphenyUnic  nUphide,  C^^S  (Stenhouse,  op.  cit„  zviiL  542 ;  Grsebe,  DeuL 
ehem.  Ots.  Ber.^  vii.  50).  This  compound  crystallizes  from  aloohol  in  small 
needles,  which  melt  at  94"^  (201-2  F.  1  Stenhouse)  (97''  or  2o6^'6  F. ;  Ghr»be) ; 
on  oxidation,  it  is  converted  into  diphenjflenesulpkone,  C^jH^SO,. 

Dipketijflenic  Disulpkide :  G^H^S,,  which  is  also  a  product  of  the  decom- 
position by  heat  of  sodic  benzenesulphonate  and  of  the  thiophosphates  formed  on 
treating  phenol  with  phosphoric  pentasulphide  (Stenhouse,  Grsebe),  crystallizea 
in  long  lustrous  prisms,  which  melt  at  159°  (3i8''2  F.;  S.)  (153°  or  307°-4 
F» ;  G.) ;  it  dissolves  in  warm  concentrated  sulphuric  acid,  forming  a  solution  of 
a  magnificent  purple  colour,  from  which  water  precipitates  the  apparently  un- 
altered sulphide.  The  reUtion  of  the  two  phenylene  sulphides  to  phenylic  sulphide 
is  probably  indicated  by  the  following  formulss  : 

«A)  .     C.H.| 

C^HJ  ^.^4'  '•"4' 

Diphenjlic  sulphide.     DIphenyleDio  golphide.    Diphenyleiiie  diialphide. 

(16 1 6)  Bbnzylic  Sulphide:  (C,H^.GH,),8.  This  compound  is  prepared 
by  the  action  of  benzylic  chloride  on  an  alcoholic  solution  of  potassic  sulphide. 
It  cr^stalliaes  in  white  needles,  which  melt  at  49°  (120^*2  F.);  on  distillation 
it  is  decomposed  with  formation  of  sulphuretted  hydrogen,  toluene,  stilbene,  and 
other  products.  Nitric  acid  of  sp.  gr.  i  '3  converts  it  into  the  oxide  (C,Hy),SO, 
which  on  further  oxidation  yields  benzoic  acid.  Its  behaviour  on  heating  with 
methylic  iodide  has  already  been  described. 

(16 1 7)  Ethylbnic  Sulphide:  C.H^S. — By  the  action  of  a-dibromethane  or 
ethylenic  bromide  on  an  alcoholic  solution  of  potassic  sulphide,  a  white  amorphous 
substance  of  the  composition  C,H^S  is  produced;  on  heating  this  substance 
either  alone  or  with  carbonic  bisulphide  in  sealed  tubes  at  160° — 170^  (320° — 
338°  F.)  for  several  days,  it  is  converted  into  a  crystalline  body  of  the  same 
empirical  composition  but  having  a  vapour  density  corresponding  to  the  formula 
(C,U^),S,  (Husemann,  Ann,  Ckem.  Pharm,,  cxxvi  280).  The-  same 
substance  is  produced  on  heating  ethylenic  thiocarbonate,  or  the  meronry 
derivative  of  thioglyool,  with  ethylenic  bromide  at  150°  (302^  F.).  Diethylenic 
disulphide  readily  dissolves  in  hot  aloohol,  ether,  and  carbonic  bisulphide, 
crystallizing  from  alcohol  in  needles  and  laminse,  and  from  ether  in  thick 
monodinic  prisms;  it  melts  at  1 12°  (233°'6  F.),  and  boils  at  about  200**  (392^  F.). 
Its  alcoholic  solution  yields  crystalline  precipitates  with  auric,  mercuric,  and 
platinic  chlorides,  and  with  argentic  nitrate;  and  by  adding  bromine  to  its 
solution  in  carbonic  bisulphidct  the  compound  (C,HJ,S,Br^x^  obtained  aa  & 
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lemon-yellow  amorphous  precipitate  which  is  decomposed  hy  water  into  hydro- 
hromic  acid  and  the  oxysulphide  (C,H^)jS,0,.  Corresponding  compounds  may 
be  formed  containing  chlorine  or  iodine.  The  same  oxysulphide  is  produced  on 
oxidizing  the  sulphide  with  nitric  acid. 

On  treatment  with  potassic  sulphide  methyleuic  iodide  and  propylenic  bromide 
are  also  converted  into  amorphous  sulphides,  which  like  the  ethylenic  compound 
is  nearly  insoluble  in  all  neutral  solvents  ;  the  methyleuic  compound  is  converted 
into  a  crystalline  modification  at  about  150''  (302''  F.),  but  the  propylenic 
sulphide  is  decomposed  when  heated  (Husemann). 

( 1 6 1 8)  Selenium  Ethess — Methylic  Selenide :  {CU^^B, — To  prepare  this 
compound,  phosphoric  pentaselenide  is  added  to  a  concentrated  solution  of 
sodic  hydrate  and  potassic  methylic  sulphate,  and  the  mixture  distilled ;  by  the 
action  of  the  sodic  hydrate  on  the  pentaselenide,  sodic  selenide  is  produced, 
which  then  acts  upon  the  potayic  methylic  sulphate.  The  product  is  purified 
by  fractional  distillation.  It  is  a  colourless,  highly  refiracUve,  inflammable 
liquid,  of  extremely  unpleasant  odour  (due  probably  to  the  diselenide),  boiling 
at  58^  ( 1 36^-4  F.);  it  id  not  miscible  with  water,  but  dissolves  readily  in 
alcohol  and  ether.  If  it  be  dissolved  in  nitric  acid,  and  the  solution  be 
then  evaporated  on  the  water-bath,  a  crystalline  residue  of  the  nitrate 
(?)  (CH^,Se(OH).NO,  is  obtained ;  on  adding  the  haloid  acids  to  solutions  of  the 
nitrate,  crystalline  precipitates  of  the  chloride,  (CHJ,SeCl,,  and  of  the  corresponding 
bromide  and  iodide  are  produced  (Jackson,  Ann,  Chem,  Pkarm,,  dxxix.  i). 

Ethylic  Selenide:  (C^HJ^Se. — ^This  compound  is  produced  together  with  the 
diselenide  by  the  method  above  described,  substituting  potassic  ethylic  sulphate 
in  place  of  potassic  methylic  sulphate;  the  two  substances  are  separated  by 
fractional  distillation  (Rathke,  ibid,,  dii.  210).  It  is  a  colourless  liquid, 
resembling  ethylic  sulphide  in  odour,  the  intensely  unpleasant  smell  usually 
ascribed  to  it  being  due  to  the  diselenide;  it  boils  at  108''  (226^*4  F.).  The 
diselenide,  (CjH^,Se,,  is  a  yellow  liquid,  and  boils  at  186°  (366*'-8  F.). 
Ethylic  selenide  dissolves  in  nitric  acid,  forming  the  nitrate  (C2Hy),Se(N0,)|, 
from  which  the  corresponding  chloride,  bromide,  and  iodide  may  be  obtained 
by  the  addition  of  the  haloid  acids  to  the  solution.  According  to  Rathke,  it  is 
not  possible  to  prepare  a  selenium  tetrethide  from  the  dichloride  by  the  action 
of  zincio  ethide,  the  reaction  taking  place  in  accordance  with  the  equation : 

2(C,H,),SeCl,    +    Zn(C,H^,   =    2Se(C,HJ,CLZnClj^ 

According  to  Cahonrs,  methylic  and  ethylic  selenides  combine  directly  with 
the  iodoparaffins,  forming  compounds  analogous  to  those  obtained  in  a  similar 
manner  from  the  thioethers* 

Whereas  sulphur  is  finally  oxidized  to  sulphuric  acid  by  the  action  of  nitric 
acid,  selenium  under  similar  conditions  is  converted  only  into  selenious  acid  ;  in 
like  manner,  methylic  and  ethylic  diselenides  furnish  the  selenious  compounds 
CH,.SeO,H  and  C,H^.SeO,H  on  oxidation  with  nitric  acid.  These  acids  form 
crystalline  compounds  with  hydrochloric  acid,  such  as  CH,.SeO,U.HCl  = 
?  CH,.Se(OH),Cl,  which  may  be  obtained  by  dissolving  the  selenides  in  nitric 
acid,  and  then  adding  hydrochloric  acid;  these  compounds  are  reduced  by 
sulphurous  acid,  furnishing  the  pure  diselenide. 

Benzylie  Selenide:  (C,H,.CH,)3Se,  prepared  in  the  same  manner  as  the 
methyl  compound,  crystallizes  in  long  white  needles  or  monoclinic  prisms,  which 
melt  at  45^*5  (it3***9  F.).  It  furnishes  a  crystalline  nitrate  and  chloride,  and 
an  amorphous  platinochloride,  [(CyHy)^],PtCl^ ;  these  compounds  are  all 
extremely  unstable,  however,  and  decompose  in  the  manner  represented  by  the 
equation  (CyHy)jSeCl,  =  2C,H^C1  +  Se,  and  not,  as  the  ethyl  and  methyl 
ounpounds,  into  their  generators :  (CH^gSeBr,  =  (CH,),Se  +  Bv^.  C^ooalp 
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BenzylicDiselenide :  (CyHy),Se,,  obtained  bj  heating  benzylio  obloride  witk 
alcohol  and  the  sodic  selenide  obtained  by  reducing  sodio  aelenite  with  charcoal, 
forms  yellowish  scales,  which  melt  at  90""  (194"^  F.);  on  oxidation  by  nitric 
acid  it  is  converted  into  henzylseUniout  acid,  C,Hy.SeO.OH,  which  crystallizes 
in  white  needles,  melting  at  Ss""  (iSs"*  F.).  When  digested  with  methylio 
iodide,  it  yields  benzylic  iodide^  seleniam  trimethiodide,  and  seleniom  dimeth- 
benzyl  triiodide  (Jackson) : 

(C^,).Se,  +    5CH,I  =   C,H^  +   (Cig.Sel  +   C,H,.Se(CH.).I^ 

(16 19)  Tbllubium  Ethbbs. — Methylic  and  ethylic  telloride  are  obtained  by 
distilling  potassic  telloride  with  concentrated  solutions  of  methylic  and  ethylic 
potassic  sulphate.  Hethylic  telluride,  (CH,),Te,  is  a  pale  yellow  liquid,  of 
intensely  disagreeable  odour,  which  boils  at  about  82°  (t79'''6  F.)  ;  it  oxidizes 
when  exposed  to  the  air,  forming  the  compound  (CHJ^TeO.  The  aqueoos 
solution  of  this  oxide  is  strongly  alkaline  to  test-paper,  and  absorbs  carbonic 
anhydride  from  the  air ;  it  displaces  ammonia  from  ammonium  salts,  and  £oTm» 
a  blue  precipitate  with  cuprio  sulphate.  Methylic  tellnride  is  violently  acted 
upon  by  nitric  acid;  by  carefully  concentrating  the  solution,  the  nitrato 
(CU,),Te(OH)NO,  may  be  obtained  in  crystals.  The  aqueous  solution  of  this 
salt  yields  colourless  precipitates  of  the  chloride,  (CHJ.TeOl,,  and  bromide 
(CH,),TeBr,,  when  mixed  with  hydrochloric  and  hydrobromic  acid,  and  when 
mixed  with  hydriodic  acid,  a  yellow  precipitate  of  the  iodide,  (CH,),TeI,,  which 
readily  becomes  vermilion-red. 

Methylic  and  ethylic  telluride  combine  readily  with  methylic  and  ethylic 
iodides  forming  compounds  analogous  to  those  obtained  from  the  thioethers; 
the  platinochlorides  of  the  corresponding  sulphur  and  tellurium  compounds  being 
isomorphous  (Cahours). 


CHAPTER  VIIL 

THE   ALDEHYDES. 


§  I.  The  Aldehydes  of  the  CJI^^^.COH  <yr  aeetie  series;— 
§  II.  The  Aldehydes  of  the  CJS^^^.COH or  acrylic  series;— 
§  III.  The  Aldehydes  of  the  CJfI^^^,COH  or  benzoic  series  ;— 
§  IV.  MonaUehydes  of  other  series ; — §  V.  Dialdehydes. 

(1620)  The  term  aldehyde^  which  is  an  abbreviation  of 
alcohol  dehydrogenatum,  was  originally  assigned  by  Liebig  to  the 
compound  C^H^O,  which  in  1835  he  discovered  was  the  first 
product  of  the  oxidation  of  ordinary  alcohol^  in  allusion  to  its 
formation  from  this  latter  body  by  the  mere  withdrawal  of 
hydrogen.  It  is  now  applied  to  all  compounds  derived  in  a 
similar  manner  from  primary  carbinols ;  or^  stated  more  generally, 
to  all  compounds  containing  the  group  COH  {formyl),  as  from 
the  manner  in  which  aldehyde  is  formed  from  alcohol,  and  from 
its  reactions,  there  can  be  no  doubt  that  the  CH3.OH  group  of 
the  alcohol  is  alone  affected  and  converted  by  the  withdrawal  of 
two  atoms  of  hydrogen  into  the  group  COH.     The^nanner  in 
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which  this  withdrawal  of  hydrogen  is  probably  effected  has  been 
discussed  on  p.  418,  where  it  is  pointed  out  that  the  alcohol  is 
first  transformed  by  the  displacement  of  one  of  the  atoms  of 
hydrogen  in  the  CH2.OH  group  by  OH  into  the  dihydric  alcohol 
or  aldehydrol  (p.  504),  which,  losing  the  elements  of  a  molecule 
of  water,  is  converted  into  the  aldehyde ;  thus  : 

CH3.CH2.OH    +    (O  +   OH3)   =  CH3.CH(OH),   -h  OH,; 

Etbjlie  alcohol.  EthiJdebTdroL 

CHs.CH(OH),  =  CH3.COH   +  OH,, 

EthaldehydroL  Ethaldebjde. 

The  general  equation  for  the  formation  of  aldehydes  from  the 
corresponding  primary  carbinols  may  therefore  be  written  as 
follows : 

R°(CH,.OH)„  +   n(0  +  OH^  =   R"[CH(0H),1„  +   nOH,; 
R'^[CH(OH)g]„  =   R°(COH)„  -h   nOH,. 

where  R°  denotes  a  radicle  which  is  n-valent.  Hitherto,  how- 
ever, only  aldehydes  containing  one  and  two  COH  groups  have 
been  prepared^  and  our  knowledge  of  the  latter  (dialdehydes)  is 
still  very  imperfect,  chiefly  the  monaldehydes  derived  from  the 
primary  carbinols  of  the  C^Hgn+i-OH  and  CnHjn^y.OH  series 
having  been  investigated.  It  is  scarcely  necessary  to  state  that 
according  to  the  above  definition  the  secondary  and  tertiary 
carbinols  and  phenols  cannot  furnish  aldehydes  containing  the 
same  number  of  carbon  atoms  as  themselves^  and  that  .the  only 
way,  in  fact,  in  which  they  may  be  converted  into  aldehydes  is 
by  displacing  hydrogen  in  them  by  the  group  COH. 

(1621)  Formation  of  the  Aldehydes, — i.  By  the  oxidation  of 
the  primary  carbinols,  which  is  usually  effected  by  means  of  a 
mixture  of  potassic  dichromate,  water  and  sulphuric  acid  about  in 
the  proportions  KgCr^O^ :  4H2SO^  and  in  some  cases  by  dilute 
nitric  acid  ;  for  example  : 

CgH,.CH8.0H   +   (O  +  OHj)   =  CjHj.COH  +   aOH,. 

JBeii;t7Uc  alcohol.  Benioic  aldehyde. 

CH3.OH.CH3.OH  +    «(0  +  OHj^   =  COH.COH   +  4OH,. 

Ethylenio  aloohoL  Oxalic  aldehyde. 

2.  By  distilling  an  intimate  mixture  of  the  calcic,  potassic, 
or  sodic  salt  of  formic  acid  and  of  the  acid  the  aldehyde  cor* 
responding  to  which  it  is  desired  to  prepare,  whereby  the  OH 
of  the  CO.OH  group  of  the  acid  becomes  displaced  by  H,  thus  : 

R^COONa   +  H.COONa  =  R^COH   +  CO(ONa),. 

Sodic  salt  of  acid.  Sodic  formate.  Aldehyde.  Sodic  carbouate. 

•   CHyCOONa  +  H.COONa  =   CH3.COH   +   NaXO,. 

Sodlo  acetate.  Ethaidehyde.  A  r\r\n\o 
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This    method    has    been    applied    only    to   the   preparation    of 
monaldehydes. 

3.  By  the  action  of  nascent  hydrogen  on  the  acid  chlorides. 
For  example^  on  passing  hydrogen  and  benzoic  chloride  vapour 
over  heated  finely  divided  palladium^  benzaldehyde  is  obtained : 

CgHg.COCl   +    Hg  =   C^Hg-COH   +  HCl. 
Similarly,  when   phthalic   chloride   is  dissolved   in  glacial  acetic 
acid  and  magnesium  is  added,  or  when  it  is  digested  with  zinc 
and  hydrochloric  acid,  phthaldehyde  is  formed : 

C,H^(C0C1)3  +  4H  =  CgH^(C0H)2  +  aHCl. 
The  same  aldehyde  is  obtained  more  readily  by  the  action  of 
hydriodic  acid  gas  in  presence  of  phosphorus  on  phthalic  chloride 
dissolved  in  carbonic  bisulphide,  but  this  method  does  not  appear 
to  be  of  general  application  (Baeyer).  The  reaction  probably 
takes  place  in  two  stages  : 

C,H,(C0C1)3   +    aHI   =  CgH^(C0I)3   +   2HCI; 
C.H,(COI),   +    2HI   =   C,H,(COH),   +   I,. 
The  presence  of  phosphorus  has  the  effect  of  at  once  withdrawing 
the  iodine  from  the  sphere  of  action  as  it  is  produced. 

4.  By  heating  the  chlorinated  derivatives  of  the  hydrocarbons 
of  the   benzene   series   of  the    formula  CgHg_„(CnHg„Cl)nj  with 
plumbic  nitrate  and  water.     This  method  has  been  applied  to  the 
preparation  of  benzoic  and  terephthalic  aldehydes  . 
C,HXCH,C1),  +  Pb(NO,),  +  OH,  =  C^HXCOH),  +  PbCl,  +  2HN0,+  OH,. 

Paraxylylic  chloride.  Terephthalaldehyde. 

5.  By  treating  chlorinated  derivatives  such  as  the  dichloro- 
toluene  CgHg.CHClj  with  concentrated  sulphuric  acid,  and  then 
distilling  with  water ;  only  benzaldehyde  has  been  prepared  by 
this  method,  however : 

CjHg.CHClj  +   aHjjSO^  =  C.Hg.CHCHSOJj   -h    2HCI; 
CgHj.CHCHSOJ,  +   aOH,  =  C,H5.CH(0H),   +   aH^SO^; 
C,H5.CH(0H),   =   C,H,.COH   +  OH^. 

6.  By  the  action  of  trichloromethane  {chloroform)  in  presence 
of  sodic  or  potassic  hydrate  on  the  phenols  (Reimer) ;  the  reaction 
in  the  case  of  phenol,  which  furnishes  a  mixture  of  the  isomeric 
orth-  and  paroxybenzoic  aldehydes,  may  be  expressed  by  the 
equations : 

CjHg.ONa+sNaOH+CHClj  =  C^H^(ONa).CH(OH),+3NaCl+OH,; 
C«H^(0Na).CH(0H)3  =  CgH4(0Na).C0H   +  OHj. 

(162a).  General  properties  of  the  Aldehydes. — i.  If  pure,  the 
aldehydes  may  apparently  be  preserved  unchanged  fot  any  lepg'th 
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of  time,  but  the  presence  of  the  merest  trace  of  impurity  often 
suffices  to  induce  their  gradual  alteration.  In  some  cases,  the 
aldehyde  undergoes  polymerization,  that  is  to  say,  is  converted 
into  a  compound  or  compounds  of  the  same  percentage  com- 
position but  of  higher  molecular  weight;  and  in  others  it  undergoes 
condensation,  two  or  more  molecules  uniting  with  simultaneous 
elimination  of  the  elements  of  one  or  more  molecules  of  water. 
Thus,  if  ethaldehyde,  C^Ufi,  be  mixed  with  a  very  small  quantity 
of  hydrochloric,  sulphurous,  or  sulphuric  acid,  or  of  zincic 
chloride  and  of  many  other  salts,  the  mixture  soon  becomes 
heated  spontaneously,  and  the  aldehyde  is  almost  entirely  con- 
verted into  a  liquid  polymeride  {par ethaldehyde)  of  the  composition 
CgHjgOg ;  but  if  the  mixture  be  kept  carefully  cooled,  after  some 
time  white  needles  of  another  polymeride  {metethaldehyde)  of 
unknown  molecular  weight  separate  from  the  liquid.  On  the 
other  hand,  if  aldehyde  be  heated  with  a  small  quantity  of 
aqueous  hydrochloric  acid  in  closed  vessels  at  ioo°  (3ia°  P.) 
during  several  hours,  it  is  in  part  converted  into  crotonic  aldehyde, 
C,HgO=2C2H^O-OH,. 

The  cliange  appears  in  both  cases  to  be  due  to  an  alteration  in  the  composition 
of  the  (COH)'  group,  which,  enterbg  into  combination  with  the  agent  effecting 

the  change — which  may  be  represented  by  the  general  formula  XT,  X  being  the 

+  - 
positive  and  Y  the  negative  radicle — assumes  the  form  (CH.OX.Y)' :  several 
molecules  of  the  compound  thus  generated  then  either  enter  into  reaction  with 
one  another  and,  in  consequence  of  the  separation  of  X  from  one  molecule  in 
combination  with  Y  from  another  molecule,  form  a  more  complex  molecule  of 
the  same  percentage  composition,  i.e.  polymerization  takes  place ;  or  X  and  Y 
separate  in  combination  with  hydrogen  from  a  molecule  of  unaltered  aldehyde, 
the  hydrogen  being  withdrawn  from  the  radicle  associated  with  the  COH  group, 
in  which  case  condensation  occurs ;  if  X  and  Y  from  the  same  molecule  recombiue, 
the  aldehyde  is  reproduced.  The  formation  of  parethaldehyde,  for  example,  may  be 
represented  in  the  following  manner,  it  being  suppotted  that  the  three  atoms  of 
chlorine  marked  a,  b,  c  respectively  of  the  three  molecules  of  the  compound 
CH,.CHC1.0H,  formed  by  the  union  of  the  aldehyde  with  hydrochloric  acid, 
separate  in  combination  with  the  three  atoms  of  hydrogen  marked  a,  b,  c,  so  that 
the  residue  of  molecule  a  unites  with  that  of  /3,  the  residue  of  molecule  fi  with 
that  of  y,  and  the  residue  of  y  with  that  of  a : 

CH,.COH   +   HCl  =   CH,.CHaOH; 

Ethaldehyde. 

a.  CH,.CHC1.0H  ck.CH 0 CH.CH. 

\     / 

^.  CH,.CHC1.0H     =     3HCI    +00 
y,  CH,.CHC1  OH  CH.CH, 
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The  formation  of  crotonic  aldehyde  may  be  represented  in  a  gimilar  manner  bj 
the  following  equationn : 

CH3.COH    +    HCl    =   CH3.CHCI.OH; 
CH,.CHC10H   +    CH^.COH   =   CH,.CHlzCH.COH   +    HCl   +    OH,. 

In  some  cases  condensation  products  are  formed  by  the  splitting  off  of  only 
one  of  the  radicles  X  or  Y  from  the  compound  R'.C'H.OX.Y  in  combination  with  an 
atom  of  hydrogen  from  a  molecule  of  unaltered  aldehyde ;  thus,  when  a  mixture 
of  aldehyde  and  aqueous  hydrochloric  acid  is  allowed  to  stand  for  several  days 
aldol  is  produced,  the  formation  of  which  may  be  represented  by  the  equations : 

CH,.COH    +   HCl   =   CH.CHCl.OH; 
CH,.CHC1.0H   +   CH,.COH  =   CH,.CH(OH).CH,.COH    +   HCL 

2.  The  aldehydes  are  very  readily  converted  by  oxidatioa 
into  corresponding  acids,  the  group  COH  being  converted  into 
the  group  CO.OH,  thus : 

R'.COH   +  (O  +  OH^)  =   R'.CO.OH   +   OH^. 

CHj-COH   +  (O-hOHg)  =  CH3.COOH   -h  OH,. 

Acetic  alddiyde.  AoeUo  Acid. 

The  oxidation  may  in  most  cases  be  effected  by  mere  exposure  of 
the  aldehyde  to  moist  air,  or  by  the  aid  of  weak  oxidizing 
agents  such  as  argentic  hydrate,  but  apparently  dry  oxygen 
(unless  in  the  form  of  ozone)  is  entirely  without  action. 

A  similar  transformation  of  the  aldehydes  may  be  effected  by 
means  of  fused  potassic  or  sodic  hydrate,  by  the  action  of  which 
the  hydrogen  of  the  COH  group  is  displaced  by  OK  or  ONa  instead 
of  by  OH,  the  potassic  or  sodic  salt  of  the  acid  corresponding  to 
the  aldehyde  being  produced  and  hydrogen  evolved ;  for  example  ; 

CH3.COH   +   KOH    =  CH3.COOK   +   Hg. 

Acetic  aldehyde.  Potassic  acetate. 

In  many  cases,  however,  the  hydrogen  thus  displaced  acts  upon 
another  portion  of  the  aldehyde,  and  converts  it  into  the  corre- 
sponding alcohol ;  thus : 

C,H,.COH  +  KOH  =  C,H,.COOK  +    aH ; 

Benzaldehyde.  Potassic  benzoate. 

CgHj-COH   +   aH   =  C,H|i.CHj(OH). 

Benzaldehyde.  Benzylic  alcohol. 

When  heated  with  an  aqueous  solution  of  potassic  or  sodic  hydrate, 
the  aldehydes  are  mostly  converted  into  resinous  substances, 
which  are  doubtless  also  products  of  condensation. 

3.  The  aldehydes  are  readily  acted  on  by  nascent  hydrogen, 
and  converted  into  the  corresponding  primary  alcohols  : 

R'.COH   +  aH  =   R'.CH,(OH). 
C3H5.COH   +    aH  =   C3H..CH2(OH). 

Propionic  aldehyde.  Propylic  alcohoL 

Often,  however,  the  fixation  of  hydrogen  is  accompanied  by  con- 
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densation^  and  in  the  case  of  the  monaldehydes  a  dihydric  alcohol 
is  produced ;  thns^  if  sodium  amalgam  be  added  to  an  aqueous 
solution  of  aldehyde^  which  is  maintained  slightly  acid  by  repeated 
additions  of  hydrochloric  acid^  ethylic  alcohol  together  with  a 
small  quantity  of  a  butylene  glycol  is  produced ;  the  formation 
of  this  latter  may  be  represented  as  the  result  of  several  distinct 
changes : 

CH,.COH   +    OH,   =    CH,.CH(OH),; 
CH,.CH(OH),   +    CH,.CH(OH),   =   CH,.CH(OH).CH,.CH(OH)      +   OH,; 
CH,.CH(OH).CH,.CH(OH),  +  2H  =   CH,.CH(OH).CH,.CH,(OH)   +    OH,. 

4.  When  submitted  to  the  action  of  phosphoric  pentachloride 
or  pentabromide^  the  aldehydes  exchange  their  oxygen  for  the 
equivalent  amount  of  chlorine  or  bromine  : 

R'.COH   +   PCI5   =  R'.CHClg  +   POCI3. 
CH,,COH   +  PCI5  =  CH,.CHCl3   +  POCI3. 

Ethflidehyde.  ^-dichlorethane. 

5.  By  the  action  of  chlorine,  they  may  be  converted  into  the 
corresponding  acid  chlorides,  the  hydrogen  of  the  COH  group 
being  displaced  by  chlorine,  but  in  order  to  effect  this  change  it 
is  necessary  to  observe  certain  'precautions  in  order  to  avoid  the 
formation  of  condensation  products,  or  of  substitution  derivatives ; 
usually  the  best  plan  is  to  add  the  aldehyde  to  the  chlorine  in  excess : 

R\COH  +  Clj  =   R'.COCl  +  HCl. 
CgHg.COH  +  CI2  =  C.Hj.COCl  -h  HCl. 

Benioio  aldehyde.  Benxoic  chloride. 

6.  Sulphuretted  hydrogen  converts  some  of  the  aldehydes  into 
the  corresponding  thioaldehydes  or  their  polymerides;  the  formation 
of  these  compounds  is  probably  preceded  by  that  of  a  compound 
of  the  aldehyde  with  sulphuretted  hydrogen,  which  then  loses 
the  elements  of  a  molecule  of  water ;  thus : 

C5H11.COH  +  SH3  =  C5Hi,.CH(SH)(0H); 
C6Hii.CH(SH)(0H)   =  C.H^i.CSH  +  OH^. 

In  some  cases  compounds  intermediate  in  composition  between 
the  aldehydes  and  the  thioaldehydes  are  perhaps  produced,  the 
formation  of  which  may  be  represented  as  follows  (comp.  p.  742) : 

CHj.COH    +   SHg   =  CH3.CH(SH)(0H); 
CH3.CH(0H),   +  CH3.CH(0H)(SH)  =  CH3.CHJglcH.CH3. 

7.  The  aldehydes  combine  with  the  acid  sulphites  of  the 
alkali  and  alkaline-earthy  metals,  forming  crystalline  compounds 
which  are  of  considerable  service  in  the  preparation  of  the  pure 
aldehydes^  as  they  are  decomposed  on  treatment  with^  mineral 
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acid  or  an  alkaliue  carbonate,  or  even  on  warming  the  aqueous 
solution,  the  aldehyde  being  liberated  (comp.  1629)  • 

R'.COH   +   NaHSOj  =  R'.CH(OH).NaSOs. 
CHg.COH   +  NaHSO,  =   CH,.CH(OH).NaSO,. 
CHs.CH(6H).NaS08    +  OH,  =  CHg.CHlOH),   +  NaHSOj; 
CH,.CH{OH)j  =  CHj.COH   +  OH,. 

8.  They  also  combine  with  cyanic  hydride  (hydrocyanic 
acid)  : 

R'.COH   +   HON   =  R'.CH(OH).CN. 
CHj.COH  +   HCN  =  CHj.CHlOHj.CN. 

Ethaldehyde.  Qyaneihylic  aloohol. 

By  heating  the  cyanides  thus  produced  with  dilute  hydrochloric 
acid,  oxyacids  are  formed,  cyanethylic  alcohol  being   converted 
into  ordinary  lactic  acid : 
CH,.CH(OH).CN   +    2OH,   +    HCl  =   CH,.CH(OH).COOH    +   NHp. 

9.  The  aldehydes  are  mostly  capable  of  uniting  more  or  less 
readily  with  compounds  such  as  water,  hydrochloric  acid,  mono- 
chlorethane  (ethylic  chloride),  CgHgCl,  acetic  chloride,  CgHgOCl, 
acetic  anhydride,  (CgHgOg)©,  &c.,  forming  a  series  of  bodies  of  the 
form  R/CH(OX)Y,  which,  however,  as  a  rule,  are  highly  unstable, 
and  readily  resolved  into  their  generators. 

10.  They  readily  enter  into  reaction  with  ammonia,  appa- 
rently combining  with  it  in  the  first  instance  in  the  manner  shown 
by  the  equation : 

R'.COH  -h   NH3  =  R^CH(OH).NH,. 

But  it  is  only  in  the  case  of  the  aldehyde  of  the  acetic  or 
CnHgjj^iCOH  series  that  the  compounds  thus  formed  can  be 
isolated;  those  derived  from  aldehydes  of  other  series  undergo 
change  more  or  less  rapidly,  several  molecules  entering  into  re- 
action with  each  other  to  form  condensation  products.  Thus 
acrylic  aldehyde  or  acrolein,  C^HgCOH,  and  ammonia  yield  the 
compound  CgHgNOrraCgH^O  4- NHg-OHj,;  and  by  the  action 
of  ammonia  on  benzoic  aldehyde  and  other  aldehydes  derived 
from  hydrocarbons  in  which  the  carbon  atoms  are  partially,  if 
not  entirely,  united  in  a  closed  chain,  so-called  hydr amides  are 
produced,  which  are  formed  by  the  combination  of  the  elements  of 
two  molecules  of  ammonia  and  three  of  aldehyde,  the  whole  of  the 
oxygen  of  the  latter  being,  however,  eliminated  in  the  form  of  water: 

3C,H,.C0H   +   2NH,  =  (C«H,.CH),N,  +  3OH,. 

Benzoic  aldehyde.  Hjdrobenzainide. 

The  compounds  formed  by  the  union  of  the  aldehydes  of  the 
acetic   series   with    ammonia^  such    as    the   so-called   aldehyde 
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ammonia,  CH3.GH(0H).NHg,  are  crystalline  substances.  They 
fiimish  the  aldehyde  and  an  ammonic  salt  on  treatment  with 
mineral  acids.  They  enter  into  reaction  with  hydrocyanic  acid, 
yielding  cyano-derivatives  which  furnish  amido-acids  of  the  acetic 
series  on  digestion  with  hydrochloric  or  sulphuric  acid ;  thus  : 

CH3.COH  +  NH3  =  CH3.CH(NHJ.0H. 

Ethaldehyde.  Amidoethylio  aloohoL 

CH,.CH  (NH  j)  .OH  +  HCN= CH5.CH  (NH,)  .CN + OH,. 

Amldoethylic  aleohoL  Cjanamidoethane. 

CH,.CH(NHj).CN+30H,+Ha=CH,.CH(NH,).C00H+NHp. 

CyanamidoeOume.  Amidoproplonlc  aoid. 

By  the  action  of  dehydrating  agents  at  ordinary  temperatures, 
or  on  heating  either  alone  or  with  dehydrating  agents,  the 
oxygen  they  contain  is  partially  or  wholly  removed  in  the  form 
of  water,  ammonia  being  also  split  off,  and  basic  condensation 
products — oxaldines  and  aldines — are  formed.  By  the  action  of 
sulphuretted  hydrogen  they  are  converted  into  thialdines,  which 
may  also  be  formed  by  digesting  the  aldehydes  with  an  aqueous 
solution  of  ammonic  thiohydrate  : 

3C,H,0   +  NH,   +  ijSH,  =  CeH^jNS,   +   3OH,; 

Ethaldehyde.  Thialdin. 

and  by  the  action  of  carbonic  bisulphide  they  are  converted  into 
carbothialdines  : 

aC^Hfi  +  2NH3   +   CSj  =   CjH^oNgS,  +  2OH3. 

Ethaldehyde.  Carbothialdine. 

II.  By  heating  aldehydes  with  aniline,  phenylated  aldines 
are  produced,  the  oxygen  of  the  aldehyde  being  eliminated  in 
the  form  of  water;  thus : 

CH,,COH  +   aCaHg.NHj,  =  CH3.CH(NH.C,H5)2  +   OH^. 

Ethaldehyde. 

CH3.COH  +  aC3H5.NH8  =  CH3.CH(N.C3H6),  +  OH,. 

Ethaldehyde. 

1%.  Similarly,  by  their  action  on  a  concentrated  aqueous  or 
alcoholic  solution  of  urea,  so-called  diureides  are  produced : 

CHj.COH  +  2C0(NHjj),  «  CH3.CH(NH.CO.NHj^2  +  OH,; 
whilst  if  dryurea  be  employed,  still  more  complex  bodies  are  formed. 
13.  A  reaction  of  great  interest  and  importance,  especially 
characteristic  of  the  aldehydes  derived  from  hydrocarbons  con- 
taining the  carbon  atoms  either  wholly  or  partially  united  in  a 
closed  chain,  is  that  which  takes  place  when  they  are  heated  with 
the  anhydride  of  an  acid  of  the  acetic  series  and  sodic  acetate  or 
the  sodic  salt  of  the  acid  corresponding  to  the  anhydride  em- 
ployed, and  the  product  is  subsequently  treated  with  water.  The 
relation  of  the  final  product  to  the  aldehyde  employed  k  repre- 
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seated  in  the  case  of  benzoic  aldehyde  and  aqetic  anhydride  by 
the  empirical  equation : 
aH,.COH   +  CH3.COOH   =  C,HvCHz=CH.COOH  +  OHj^ 

B«niolo«ldehyde.  Aoedoaoid.  aiiMmic«sM. 

The  reaction  does  not  take  place  unles*  the  sodio  salt  is  present,  but  it  is 
scarcely  understood  at  present  what  part  this  salt  pla^s ;  probably,  however,  the 
acid  is  the  end  product  of  a  series  of  reactions  which  occur  somewhat  in  the 
following  manner.  In  the  first  pkoe  the  aldehyde  enters  into  combination  with 
the  anhydride ;  thus,  supposing  benzoic  aldehyde  and  acetic  anhydride  are  taken : 

C.H^COH   +    (C,H,0).0   =   C.H..CH(C^,0,).. 
Condensation  then  takes  place  in  consequence,  it  may  be  supposed,  of  this  com- 
pound reacting  on  a  second  molecule  of  the  anhydride,  two  atoms  of  hydrogen 
from  which  separate  in  combination  with  the  two  C,HjO,  groups  of  the  diaoetin 
as  acetic  acid : 

C^,OH(C.H.O.).   *  gtglo  -  '=-"'™=&^S}''  -   »W, 

It  is  undoubtedly  at  this  stage  that  the  sodic  salt  has  an  influence ;  and  it  perhaps 
favours  the  separation  of  the  hydrogen  and  the  formation  of  the  a45id  in  conse- 
quence of  the  tendency  exhibited  by  the  acids  of  the  acetic  series  to  combine  with 
their  sodic  salts  to  form  compounds  such  as  the  diacetate,  C,H,0^a.  C,H^O,. 
Whatever  the  manner  in  which  condensation  is  effected,  however,  there  can  be 
little  doubt  that  a  mixed  anhydride  is  the  product :  this  is  decomposed  on  the 
subsequent  addition  of  water,  thus : 

C,H..CHz=CH.CO  )  Q  +    OH,  =  C,H,.CHzzCH.COOH   +   CH,.C0OH. 
CHg.CO  j 

§  I.  Aldehydes  op  the  CnH^n+iCOH  or  Acetic  Series. 
(1623)  The  following  aldehydes  of  this  series  are  known : 

B-P.^C. 

Methaldehyde  or  formic  aldehyde H.COH  Gaseous 

Ethaldehyde  or  acetic  aldehyde    •     •     y     ...  CH,.COH  22** 

Propaldehyde  or  propionic  aldehyde C,Hj.COH  ^8^*5 

Tetraldehyde  or  butyric  aldehyde C.H^^.COH  75"* 

Isotetraldehyde  or  isobutryic  aldehyde    ....  C,Hy^.COH  61° 

Pentaldehyde  or  valeric  aldehyde C^H^*.COH  I02'* 

Isoprimary*  pentaldehyde  or  isovaleric  aldehyde  .  C^H/.COH  93° 

Hexaldehyde  or  caproic  aldehyde CjHjj*.COH  128' 

Isoprimary  hexaldehyde  or  isocaproic  aldehyde      .  C,Hjj^.COH  121** 

Heptaldehyde  or  oenanthic  aldehyde       ....  C,H„*.COH  152*" 

Hexdecaldehyde  or  palmitic  aldehyde     ....  C„H^,COH  melts  at  52** 


*  The  homologues  of  ethaldehyde,  CH^.COH,  may  be  represented  as  derived 
from  it  by  the  displacement  of  the  hydrogen  atoms  in  the  CH,  group  by  radicles 
of  the  form  CnH^n  + 1*  i"  precisely  the  same  manner  that  the  alcohols  of  the 
ethylic  series  are  regarded  as  derived  from  carbinol,  CHj.OH ;  it  will  be  con- 
venient, therefore,  to  distinguish  the  three  principal  classes  of  homologues  of 
*  ethaldehyde,  and  indeed  all  aldehydes  which  may  be  regarded  as  derived  in  this 
way  from  ethaldehyde,  as  primary,  secondary,  and  tertiary  aldehydes  according 
as  they  ^re  formed  by  the  displacement  of  one,  two,  or  three  of  the  hydrogen 
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{1624)  Mbthaxdehyde^  Formic  or  Methylic  Aldehyde: 
CH20=HC0H. — This  aldehyde^  like  the  homologous  aldehydes, 
is  formed  on  oxidation  of  the  corresponding  alcohol,  methylic 
alcohol,  but  on  account  of  its  properties  cannot  be  directly 
isolated.  If  a  current  of  air  charged  with  the  vapour  of  methylic 
alcohol  be  directed  upon  an  incandescent  platinum  spiral,  sus- 
pended in  a  glass  flask,  after  a  few  minutes  the  flameless  com- 
bustion of  the  alcohol  begins  to  manifest  itself  by  the  evolution 
of  a  vapour  powerfully  affecting  the  eyes  and  nose ;  if  the  current 
of  air  be  properly  adjusted,  the  spiral  remains  incandescent  for 
hours  and  even  for  days,  and  by  passing  the  vapour  through  a 
well-cooled  condenser  and  wash  bottles,  a  product  having  all  the 
properties  characteristic  of  the  aldehydes  is  obtained.  Thus, 
when  it  is  rendered  slightly  alkaline  by  ammonia,  and  gently 
warmed  with  argentic  nitrate,  silver  is  deposited  on  the  sides  of 
the  vessel ;  and  on  heating  it  with  potassic  hydrate,  it  acquires 
a  yellowish  colour,  and  soon  deposits  drops  of  a  brownish  oil 
possessing  the  peculiar  odour  of  ethaldehyde  resin.  In  all  pro- 
bability the  solution  contains  methaldehydrol,  CHg(0H)2,  but  on 
evaporation  over  sulphuric  acid  in  vacuo,  instead  of  this  compound, 
or  the  aldehyde  derived  from  it  by  the  simple  withdrawal  of  the 
elements  of  a  molecule  of  water,  there  is  obtained  a  small  quantity 
of  a  yellowish-white  substance,  which  is  a  polymeride  of  meth- 
aldehyde.  There  can  be  little  doubt,  however,  that  this  poly- 
meride is  not  contained  in  the  solution,  as  it  is  insoluble  in  water, 
and  has  but  a  faint  odour,  whereas  the  solution  is  miscible  with 


atoms,  and  to  employ  the  terms  isoprimary,  isoseoondary,  &o.,  in  the  same  sense 
as  in  the  case  of  the  carbinols  to  represent  aldehydes  containing  radicles  other 
than  normal — i,e»,  in  which  the  carbon  atoms  are  supposed  to  be  onited  in  a 
manner  different  from  that  in  which  they  are  in  the  normal  paraffins.     Thas : 

CH3.OH  CH,R'.OH  CHRVOH  CRVOH. 

CarbiooL  Primary  oarbinol.         Seoondary  oarbinoL       Tertiary  oarbinoL 

CH  COH  CH^R'.COH  CHRVCOH  CR',.COH. 

Ethaldehyde.  Primary  aldehyde.        Secondary  aldehyde.      Tertiary  aldehyde. 

It  may  be  objected  that  on  this  system  the  aldehydes  would  have  to  be 
regarded  as  derivatives  of  a  compound  containing  two  atoms  of  carbon,  whereas 
the  carbinols  are  derivatives  of  a  compound  containing  only  a  single  carboii 
atom.  Ethaldehyde  and  carbinol,  however,  may  obviously  both  be  regarded  as 
formed  in  a  similar  manner  from  methane,  CH^  by  the  displacement  of  a  single 
atom  of  hydrogen  by  the  monad  radicles  OH  and  COH ;  in  fact  the  object  is 
simply  to  indicate  the  nature  of  the  radicle  associated  with  the  OH  and  COH 
groups,  and  the  most  convenient  way  of  doing  this  is  to  term  those  compounds  - 
primary  which  contain  a  radicle  of  the  form  (CH^R^',  and  to  apply  the  terms 
secondary  and  tertiary  respectively  to  all  those  which  contain  radiclea  of  the 
form  (CHE'/  and  (CB'J'.  P  ooalp 

Q  ^   2  Digitized  by  VjOO^IC 


724)  ALDEHYDES.  [1624. 

water  and  smells  strongly  (Hofmann,  Proc.  Roy.  Soc,  xv.  156 ; 
Deut.  chem,  Ges.  Ber,,  ii.  152;  iii.  584). 

Hofmann  has  recently  stated  that  methylic  alcohol  can  be 
oxidized  with  great  facility  by  passing  its  vapour  mixed  with  air 
through  a  platinum  tube  packed  with  platinum  wire^  which  is 
gently  heated  in  the  first  instance  in  order  to  start  the  reaction. 

The  formation  of  methylal  (p.  680),  CH2(OCHg)j,on  oxidation 
of  methylic  alcohol  by  a  mixture  of  sulphuric  acid  and  manganic 
dioxide,  and  of  dimesitylmethane  (1380),  CHj(CjHn)j,  on  adding 
mesitylene,  00X13(0113)3,  to  a  mixture  of  solutions  of  methylic 
alcohol  and  of  chromic  anhydride  in  glacial  acetic  acid,  indicates 
also  that  ordinary  oxidizing  agents  convert  methylic  alcohol  into 
the  corresponding  aldehyde. 

The  preparation  of  methaldehydrol  from  diiodomethane,  and  its 
conversion  into  the  polymeride  of  methaldehyde,  has  already  been 
described  ( J  495) .  The  latter  compound  is  also  formed  by  the  action 
of  argentic  oxalate  or  argentic  oxide  on  diiodomethane  (Butlerow, 
Ann.  Chem.  Pharm.,  cxi.  245) ;  probably  the  best  method  of  pre- 
paring it,  however,  is  to  heat  the  calcic  salt  of  glycolic  acid, 
OH, (OH). 000 H,  with  six  or  eight  times  its  weight  of  concen- 
trated sulphuric  acid. 

The  calcic  salt  previously  dehydrated  by  heating  at  190^  (374°  F*)»  is 
introduced  into  a  capacious  retort  together  with  the  acid,  and  the  decomposition 
into  calcic  sulphate  and  glycolic  acid  effected  by  gently  warming  the  mixture 
and  constantly  agitating  the  retort ;  a  thermometer  is  then  immersed  in  the 
liquid,  and  the  head  of  the  retort  covered  over  with  paper  so  as  to  prevent  con- 
densation. The  neck  of  the  retort  is  connected  with  a  receiver,  a  wide  glass 
tube  being  fitted  to  the  other  neck  of  the  receiver.  The  mixture  is  then  heated 
with  moderate  rapidity  to  a  temperature  of  170® — 180''  (338** — 356*  F.),  so 
that  the  product  as  it  is  formed  at  once  sublimes  into  the  neck  of  the  retort; 
but  the  heating  must  not  take  place  too  rapidly,  as  in  this  case  the  carbonic 
oxide  which  is  abundantly  evolved  carries  with  it  a  large  quantity  of  the  methalde- 
hyde which  thus  escapes  condensation  (HeiAtz,  Ann,  Chem,  Pharm.,  exxxviii.  40). 

According  to  Brodie,  a  small  quantity  of  methaldehyde  is 
produced  when  a  mixture  of  hydrogen  and  carbon  dioxide  gases 
is  submitted  to  the  action  of  the  silent  electric  discharge  {Proc. 
Roy.  Soc.  1874,  xxii.  171).  P.  and  A.  Thenard  state  that 
when  a  mixture  of  hydrogen  and  carbonic  oxide  is  similarly 
treated,  it  yields  a  liquid  product  soluble  in  water,  which  exhibits 
strong  reducing  properties  (Compt.  Rend.,  Ixxvi.  1049). 

The  polymeride  of  methaldehyde  is  an  amorphous,  tasteless 
substance,  idmost  destitute  of  odour,  but  when  heated  it  gives  off 
vapour  having  a  very  pungent,  irritating  odour;  it  begins  to 
sublime  below  100°  (212°  P.)  without  melting,  but  if  rapidly 
heated  it  melts  at  152°  (305°'6  F.),  and  at  the  same  time  boils. 
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When  thus  volatilized,  it  is  depolymerized,  its  Yapour  density 
corresponding  with  the  formula  CHgO  (Hofinann).  If  the 
density  be  determined  in  Hofmann^s  apparatus,  it  is  observed, 
however,  that  the  mercury  does  not  at  once  rise  to  its  former  level 
when  the  apparatus  becomes  cold,  as  is  ordinarily  the  case,  and 
that  it  only  very  slowly  regains  its  former  level :  the  gaseous 
methaldehyde  being  but  gradually  reconverted  into  the  solid 
polymeride. 

If  the  methylic  alcohol  solution  of  (?)  methaldehydrol  be 
mixed  with  ammonia  and  then  evaporated  in  vacuo,  hea^methykn- 
amine,  a  crystalline  body  of  the  composition  CgHi3N4=6CHj(OH)g 
+4NH3— 1 2OH3  is  obtained  ;  this  compound  is  also  formed  when 
the  solid  polymeride  of  methaldehyde  is  submitted  to  the  action 
of  dry  ammonia  gas.  It  crystallizes  from  alcohol  in  colourless, 
transparent  rhombohedra  and  prisms,  easily  soluble  in  water  and 
in^hot  alcohol.  It  is  odourless  at  ordinary  temperatures,  but  when 
heated  emits  a  most  unpleasant  odour.  It  slowly  sublimes  at 
about  100®  (212°  P.),  condensing  in  well-formed,  brilliant 
crystals.  Hexmethylenamine  combines  with  acids  forming  salts 
such  as  the  hydrochloride  CgHijN^Cl  (Butlerow,  Ann,  Chem. 
Pharm,,  cxv.  322). 

If  a  current  of  sulphuretted  hydrogen  be  passed  through  the 
methylic  alcohol  solution  of  methaldehydrol;  the  liquid  becomes 
turbid    after    a  few  minutes,  and    on    allowing    the    saturated 
solution  to  stand  for  some  hours  a  body  of  an  alliaceous  odour 
begins  to  be  separated  at  the  bottom  of  the  flask.     If  the  liquid 
be  now  mixed  with  half  its  volume  of  concentrated  hydrochloric 
acid  and  heated  to  ebullition/  it  becomes  limpid  and  solidifies  on 
cooling  into  a  mass  of  felted  needles  of  thiomethaldehyde  ;  the 
solid  polymeride  of  methaldehyde  also  furnishes  this  compound 
on  treatment  with  sulphuretted  hydrogen  and  hydrochloric  acid 
(Hofmann).     Moreover,  it  may  be  obtained  by  digesting  carbonic 
bisulphide  with  zinc  and  hydrochloric  acid  (Girard,  Compt.  Rend., 
xliii.  396),  and  from   diiodomethane :  when  the  last-mentioned 
compound  is  warmed  with  an  alcoholic  solution  of  sodic  sulphide, 
a  white,  voluminous,  amorphous  precipitate  of  a  substance  of  the 
composition  ^H^S  is  formed,  and  on  heating  this  at  about  150^ 
(302°  F.)  it  becomes  crystalline,  and  then  has  all  the  properties 
of  the  thioaldehyde  prepared  as  above  described.     Thiomethalde- 
hyde is  also  a  product  of  the  action  of  nascent  hydrogen  on 
thiocyanic  acid,  HCNS,  and  on  aUylic  isothiocyanate,  C3H5.NCS 
(Hofmann,  JDctt/.  chem.   Ges.  Ber.,  i.    176).     It  melts  at   218*^ 
(424^*4  F.),  and  may  be  volatilized  unchanged ;  the  determina- 

gitizedbyLjOOQlC 


O 


726  ALDEHYDES.    '  [1624. 

tion  of  its  Tapour  density  shows  that  it  has  the  formula  CgH^Sj. 
It  forms  crystalline  compounds  with  argentic  nitrate — vix., 
CjHgSj.AgNOj  and  CjHgSj.aAgNO,— and  with  a  number  of 
metallic  chlorides. 

It  appears  probable  from  the  high  melting  point  of  the 
polymeride  of  methaldehyde^  and  from  the  readiness  with  which 
it  is  converted  into  the  thioaldehyde  CgH^Sj,  that  it  also  is 
formed  from  three  molecules  of  methaldehyde. 

Baeyer  has  shown  that  when  methaldehyde  acts  on  benzene 
and  the  homologous  hydrocarbons^  and  on  bodies  such  as  phenol^ 
in  presence  of  dehydrating  agents  such  as  sulphuric  and  hydro- 
chloric adds,  condensation  products  are  obtained  which  are 
formed  by  the  separation  of  the  oxygen  of  the  aldehyde  in  com- 
bination with  hydrogen  of  the  body  acted  upon ;  thus,  when  it 
acts  upon  benzene^  a  mixture  of  diphenylmethane  or  benzyl- 
benzene  (1377),  Cll^{Cfi^)^  and  paradibenzylbenzene  (1403), 
C^K^{CllyC^ll^)^,  and  which  even  contains  still  more  complex 
hydrocarbons^  is  obtained  (comp.  p.  359).  Methaldehyde  acts  on 
mesitylene  in  this  manner  so  readily,  and  the  product  (1380)  has 
such  characteristic  properties^  that  the  reaction  may  be  made  use 
of  for  its  detection. 

There  can  be  little  doubt  that  methaldehyde^  or  more  pro- 
bably methaldehydrol^  is  one  of  the  first,  if  not  the  first  and  only 
reduction  product  formed  from  the  carbonic  acid  in  plants,  and  in 
virtue  of  this  property  of  readily  entering  into  reaction  with 
other  bodies  in  the  manner  described,  it  doubtless  plays  a  most 
important  part  in  plant  life  in  effecting  the  gradual  building  up 
of  many  of  the  complex  compounds  which  are  products  of  vege- 
table organisms.  The  formation  of  dextrose^  for  example,  may 
be  regarded  as  simply  the  result  of  the  action  upon  each  other 
of  six  molecules  of  methaldehydrol  and  the  separation  from  them 
of  the  elements  of  six  molecules  of  water,  thus : 

CH,(OH)3  CH3(0H)  CH,(OH) 

CHj(0H)2  CH(OH)  CH(OH) 

CH,(OH)5,  CH(OH)  CH(OH) 

=      1  =1  -h    6OH5. 

CH8(0H),  CH(OH)  CH(OH)  * 

CH,(OH),  CH(OH)  CH(OH) 

CH2(OH)2  CH(OH),  COH 

That  of  glycerol  may  be  represented  in  a  similar  manner; 
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CU^{OU\  CHj(OH) 

CHjCOH),     =      CH(OH)     -h     sOHg. 

CH,(OH),  CH3(0H) 

Obviously  the  changes  involved  in  these  reactions  are  precisely 
analogous  to  those  which  there  is  every  reason  to  suppose  take  place 
for  example^  in  the  formation  of  butylene  glycol  and  of  crotonic 
aldehyde,  from  ethaldehyde  (pp.  717 — 719).  It  is  by  no  means 
improbable  that  some  at  least  of  the  metallic  salts  which  are  requisite 
for  plant  growth  assist  in  bringing  about  these  changes,  and  hence 
are  necessary  to  growth,  although  they  do  not  form  part  of  the 
plant  structure,  as  it  has  been  placed  beyond  doubt  that  whereas 
pure  ethaldehyde  may  be  preserved  unchanged;  if  a  minute 
quantity  of  a  foreign  substance  be  added,  it  rapidly  undergoes 
polymerization  and  condensation.  The  necessity  of  the  presence 
of  potassic  salts  in  the  formation  of  starch,  for  example,  may  thus 
meet  with  an  explanation. 

(1625)  Ethaldehyde;  Acetic  op Ethylic  Aldehyde  ;  Alde- 
hyde :  Cj,H^O=CHj.COH.— This  aldehyde  is  a  product  of  the 
action  of  nearly  every  oxidizing  agent  on  ethylic  alcohol. 
Oxygen  alone,  however,  unless  in  the  form  of  ozone,  is  incapable 
of  converting  alcohol  into  aldehyde  at  ordinary  temperatures, 
although  in  the  presence  of  platinum  black  action  readily  takes 
place:  many  other  substances  facilitate  the  oxidation  in  a 
similar  manner,  aldehyde  being  even  produced  on  merely  filter- 
ing alcohol  through  charcoal  (Kramer  and  Pinner) ;  and  certain 
of  the  minute  organisms  which  excite  fermentation  appear  to 
possess  the  power  of  inducing  the  oxidation  of  alcohol,  for  alde- 
hyde is  sometimes  met  with  as  a  product  of  vinous  fermentation, 
especially  when  it  takes  place  under  reduced  pressure,  and  in 
acetous  fermentation.  The  oxidation  of  alcohol  may  also  be 
effected  by  passing  the  vapour  mixed  with  air  through  a  platinum 
tube  packed  with  platinum  wire  which  only  at  first  requires  to 
be  gently  heated,  the  heat  developed  in  the  formation  of  the 
aldehyde  being  then  sufficient  to  maintain  the  temperature 
high  enough  for  the  oxidation  of  the  alcohol  to  take  place 
continuously.  In  all  these  cases  in  which  aldehyde  is  produced 
by  oxidation  of  alcohol,  the  reaction  may  with  much  probability 
be  supposed  to  take  place  in  the  following  maimer : 

CH,.CH,.OH   -h   (0-hOH^  =  CH3.CH(0H).g  +   OH,. 

EUijrlic  ftloohol.  BtbaldehydroL 

CH3.CH(0H)j  =   CH3.COH  -h  OH,. 

StbiUdebjdroL  EUuidehyde. 
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It  is  obtained  in  small  quantity  on  oxidation  of  ma,nj  other  sab- 
stances  besides  alcohol^  especially  complex  bodies^  such  as  the 
carbohydrates  and  albuminoids^  and  when  the  vapour  of  alcohol 
or  of  ether  is  passed  through  a  tube  heated  to  dull  redness ;  it 
is  also  one  of  the  products  of  the  dry  distillation  of  bodies  such 
as  sugar^  and  of  wood.  The  following  are  other  methods  of 
forming  aldehyde : — (a)  By  combining  acetylene  with  sulphuric 
acid^  and  decomposing  the  product  with  water ;  the  aldehyde  thus 
formed,  however,  as  Lagermarck  and  EltekofT  have  recently 
shown  {DetU.  chem.  Gea.  Ber,,  x.  637),  becomes  converted  into 
crotonic  aldehyde.  It  was  stated  by  Berthelot  that  vinylic 
alcohol  was  produced  in  this  manner^  but  it  has  already  been 
pointed  out  (p.  2 13)  that  the  substance  he  obtained  was  in  all 
probability  crotonic  aldehyde ;  Lagermarck  and  EltekofiPs  obser- 
vations leave  little  doubt  that  the  explanation  previously  given  of 
the  formation  of  this  compound  from  acetylene  is  correct,  (b)  (?) 
By  the  action  of  a  concentrated  aqueous  solution  of  chromic 
acid  on  ethylene  at  120°  (248®  F.)  (Berthelot).  (c)  By  heating 
a-  or  /3-dibromethane  (ethylenic  and  ethylidenic  bromides)  with 
water  or  alcohol  in  closed  tubes  at  150° — 170°  (302° — 338°  F.) ; 
wh^n  water  is  employed,  a  great  part  of  the  aldehyde  is  converted 
into  a  resinous  substance,  the  formation  of  which  is  avoided  if 
alcohol  be  taken  (Carius,  Ann.  Chem.  Pharm.,  cxxxi.  17  ;  comp, 
511).  It  may  also  be  formed  from  /3-dibromethane,  CHg.CHBr,, 
by  converting  the  latter  into  acetal  by  the  action  of  sodic  ethy- 
late  (comp.  p.  680),  and  heating  this  compound  with  acetic  acid 
at  1 50°  (302°  F.): 

CH3.CH(OC,H5),  -h  aHCjHjO,  -  CH,.COH + OH, + aCgH^.C^HjO^ 

(rf)  By  the  action  of  zincic  chloride  on  glycol  (Wurtz).  On 
adding  glycol  to  powdered  fused  zincic  chloride,  heat  is  developed^ 
and  a  portion  of  the  chloride  is  dissolved.  If  a  mixture  of  i  pt. 
glycol  and  3  pts.  zincic  chloride  be  heated  in  the  oil  bath  at 
about  250°  (482°  F.)  a  moderately  vigorous  reaction  takes  place, 
and  vapours  pass  oflF,  which,  when  condensed,  form  two  layers — 
an  upper  oily  layer,  consisting  of  hydrocarbons,  and  a  lower 
aqueous  layer,  containing  ethaldehyde  and  a  second  substance, 
boiling,  according  to  Bauer,  at  T05® — 1 10°  (221° — 230°  F.),  which 
is  doubtless  crotonic  aldehyde,  (e)  By  heating  fermentation  lactic 
acid  for  several  hours  at  about  130°  (266°  P.)  with  dilute  sul- 
phuric acid  (Erlenmeyer) : 

CH3.CH(OH).COOH-hOHg=CHj.CH(OH)3+H.COOH. 
It  is  also  formed  in  small  quantity  when  lactic  acid  and  many  of 
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its  salts  are  submitted  to  dry  distillation.  (/)  By  distilling  a 
mixture  of  calcic  formate  and  calcic  acetate  : 

(HC00)3Ca  -h  (CHs.COO),Ca = 2CH3.COH  +  aCaCO,. 

(jg)  By  passing  chlorine  into  aqueous  alcohol ;  the  formation  of 
ethaldehyde  by  this  reaction  may  be  explained  in  two  ways  :  it  may 
either  be  supposed  that  by  the  action  of  the  chlorine  on  the 
water  oxygen  is  liberated,  which  then  oxidizes  the  alcohol : 
CH3.CHg.OH  +  OH2-hCl2=aHCH-CH3.COH  +  OH2;  or,  which  is 
more  probable,  that  a  chlorinated  derivative  of  alcohol  is  formed, 
which  splits  up  into  ethaldehyde  and  hydrochloric  acid : 

CH3.CH,.0H  f  Cl3=CH3.CHC1.0H-|.HCl; 
CH3.CHCLOH=CH3,COH  +  HQ. 

(A)  According  to  Saytzeff  and  Glinsky  {Zeits,  Chem  [2],  iii.  645), 
ethaldehyde  and  a  compound  of  ethaldehyde  and  mercurous 
bromide  are  obtained  on  digesting  bromethylene,  CH^ZZCHBr, 
with  crystallized  mercuric  acetate. 

Preparation. — Ethaldehyde  is  usually  prepared  by  oxidizing 
ethylic  alcohol  with  potassic  dichromate,  or  manganic  dioxide, 
and  sulphuric  acid.  The  following  method  may  be  advantageously 
employed : 

Fifteen  parts  of  potassic  dichromate  in  pieces  the  size  of  small  pease  is  placed 
in  a  capacious  retort  surrounded  by  ice  and  salt,  and  a  cold  mixture  of  ten  parts 
spirits  of  wine  and  twenty  parts  concentrated  sulphuric  acid  diluted  with  three  times 
its  volume  of  water  is  then  poured  in.  The  retort  is  connected  with  a  reversed 
Liebig's  condenser,  or  with  a  spiral,  which  is  connected  by  glass  tubing  with 
two  cylinders,  one  of  which — that  nearer  to  the  condenser — ^is  empty,  the  other 
being  partially  filled  with  anhydrous  ether;  water  of  about  50^  (122°  F.)  is 
allowed  to  flow  through  the  condenser,  and  the  cylinders  are  surrounded  by  a 
refrigerating  mixture  of  ice  and  salt.  The  reaction  begins  on  removing  the 
refrigerating  mixture  surrounding  the  retort,  the  liquid  in  which  hoik  violently ; 
after  a  time,  however,  it  is  necessary  to  heat  the  retort  gently  in  order  to  com- 
plete the  oxidation.  The  aldehyde  distils  over  and  collects  in  the  two  receivers, 
while  the  vapours  of  alcohol  and  of  the  oxidation  products  formed  simultaneously 
with  the  aldehyde  (ethylic  acetate,  acetic  acid,  &c.)  which  also  volatilize  are  in  a 
great  measure  condensed,  and  flow  back  into  the  retort.  In  order  to  obtain 
pure  ethaldehyde,  the  ethereal  solution  is  saturated  with  ammonia  gas,  and  the 
compound  of  ethaldehyde  with  ammonia  which  separates  out  is  washed  with  ether, 
dried  over  sulphario  acid,  then  dissolved  in  a  small  quantity  of  water,  mixed 
with  dilute  sulphuric  acid,  and  the  mixture  carefully  distilled  from  the  water 
bath ;  the  distillate  is  dried  over  calcic  chloride  and  then  rectified. 

Instead  of  adding  the  mixture  of  alcohol  and  scid  to  the  dichromate,  the 
latter  may  be  dissolved  in  the  acid  and  water,  and  the  alcohol  gradually  added 
to  the  solution  by  means  of  a  funnel  provided  with  a  stopcock  passing  through 
the  tnbulos  of  the  retort ;  it  is  not  necessary  in  this  case  to  cool  the  retort. 
Instead  also  of  collecting  the  aldehyde  in  ether,  it  may  be  collected  alone  in  well 
cooled  receivers,  and  partially  purified  by  rectification ;  but  it  is  impossible  to 
purify  it  completely  by  fractional  diBtUlation.  ^  j 
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On  rectifying  crude  fermentation  spirit  which  has  passed 
through  charcoal  filters^  a  portion  passes  over  almost  immediately 
when  steam  is  first  bloT^  into  the  stills  consisting  chiefly  of 
ethaldehyde ;  about  two  quarts  of  this  highly  volatile  fraction  are 
obtained  from  30,000  quarts  of  spirit  (Kramer  and  Pinner,  Deui. 
chem.  Ges.  Ber.,  ii.  401 ;  iv.  787).  This  commercial  product  is 
now  the  most  convenient  source  of  ethaldehyde,  which  may  be 
prepared  from  it  in  a  pure  state,  by  means  of  the  compound  with 
anmionia. 

Properties. — Ethaldehyde  is  a  colourless,  very  mobile,  inflam- 
mable liquid,  possessing  a  characteristic  pungent  not  unpleasant 
smell ;  when  inhaled  it  produces  a  peculiar  sensation  of  tightness 
at  the  chest.  It  boils  at  22""  {yi^'-e  F.),  and  at  0°  {32''  F.)  has 
the  sp.  gr.  801.  It  is  miscible  with  water,  alcohol,  and*  ether  in 
all  proportions,  dissolving  in  water  and  alcohol  with  considerable 
development  of  heat,  doubtless  owing  to  the  formation  of  the 
compounds  CHj.CHCOH)^  and  CHj.CH(OH)(OC2H5). 

The  aqueous  solution  is  perfectly  neutral,  but  soon  becomes 
acid  in  consequence  of  the  production  of  acetic  acid,  CHg.COOH; 
this  acid  is  formed  with  the  greatest  facility  from  ethaldehyde,  by 
the  action  of  all  oxidizing  agents.  Thus,  on  warming  an  aqueous 
solution  of  ethaldehyde  with  argentic  oxide,  the  latter  is  reduced 
to  the  metallic  state,  the  aldehyde  being  converted  into  argentic 
acetate ;  similarly,  when  the  solution  formed  by  adding  ammonia 
to  a  solution  of  argentic  acetate,  nntil  the  precipitate  at  first 
produced  is  redissolved,  is  gently  warmed  with  ethaldehyde,  the 
following  reaction  takes  place  : 

CH,.CH(OH),  +  2AgNH,.0H  «  2Ag  +  CH^COONH,  +  NH,  +  2OH,. 

The  silver  separates  in  the  form  of  a  brilliant  mirror  on  the  sides 
of  the  flask  or  tube  in  which  the  liquid  is  heated ;  this  reaction  is 
extremely  delicate,  and  may  be  made  use  of  for  the  detection  of 
ethaldehyde. 

It  is  not  reduced  in  contact  with  zinc  and  hydrochloric  acid, 
but  on  adding  sodium  amalgam  to  an  aqueous  solution  of  ethal- 
dehyde, ethylic  alcohol  is  produced ;  it  is  advisable  to  maintain 
the  solution  faintly  acid  by  adding  hydrochloric  acid  from  time 
to  time  m  order  to  prevent  the  formation  of  resinous  compounds 
by  thB  action  of  the  alkali  (Wurtz).  According  to  Kekul^^  a 
small  quantity  of  the  glycol  CHg.CH(OH).CHj,.CHj,(OH)  is  pro- 
duced simultaneously  {comp.  1500).  '  Ethaldehyde  is  also  con- 
verted into  ethylic  alcohol  by  digesting  its  solution  in  aqueous 
ammonia   with  zinc   at  30° — 40®   (86^^x04^  F.)  under  slight 
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pressure;  basic  substances  are  apparently  formed  at  the  same 
time  (Lorin,  Compt,  Rend.,  Ivi.  845). 

Ethaldehyde  is  readily  acted  upon  by  phosphoric  pentachlo- 
ride  and  trichlorodibromide,  being  converted  into  j3-dichlor-  and 
/3-dibromethane(ethylidenic  chloride  and  bromide), CHj.CHCl^  and 
CHj.CHBrj.  According  to  Tawildarow  (Deut,  chem.  Ges,  Ber.,  vii. 
488)',  the  latter  compound  isnot  obtained  by  the  action  of  phosphoric 
pentabromide  on  ethaldehyde^  the  product  in  this  case  being  the 
compound  CHj.CHBr(C,Hj02),  which  may  also  be  obtained  by 
combining  ethaldehyde  with  acetic  bromide.  On  heating  it  with 
a  solution  of  potassic  or  sodic  hydrate  the  liquid  becomes  coloured 
in  consequence  of  the  formation  of  so-called  aldehyde-resin,  a 
brown  amorphous  substance  of  unknown  composition,  but  which 
is  doubtless  a  product  of  condensation. 

When  the  vapour  of  ethaldehyde  is  passed  over  lime  heated  to 
dull  redness,  acetone,  C0(CHj)2,  and  homologous  compounds  are 
produced  (Schlomilch). 

(1626)  Polymerization  of  Ethaldehyde. — A  number  of  poly- 
merides  of  ethaldehyde  have  at  various  times  been  described,  but 
it  has  been  shown  by  Eekule  and  Zincke  (Ann.  Chem.  Pharml, 
clxii.  141)  that  only  two  exist — ^viz.,  metethaldehyde,  which  is 
crystalline^  and  parethaldehyde,  which  is  liquid,  at  the  ordinary 
temperature ;  both  may  be  formed  by  the  action  of  the  same  sub- 
stances on  ethaldehyde,  but  the  former  is  produced  at  low  and 
the  latter  at  higher  temperatures. 

Parethaldehyde ;  paraldehyde:  C^Hj^O,. — ^A  large  nainber  of  subfltanoM 
poMesB  the  power  of  conyertitig  ethaldehyde  into  this  polymeride ;  thus,  if  a  very 
ininate  quantity  of  hydrochloric  or  sulpharoos  acid,  or  of  carbonic  chloride,  COCl,, 
be  added  to  ethaldehyde,  the  temperature  very  noon  rises  and  may  even  reach 
38^ — 40^  (ioo°'4 — 104°  F.)  if  the  reaction  takes  pUce  in  a  closed  vessel,  the 
greater  part  of  the  aldehyde  being  converted  into  parethaldehyde.  On  the  addition 
of  a  drop  of  concentrated  sulphuric  acid  to  ethaldehyde,  boiling  at  once  sets  in  with 
explosive  violence,  and  much  of  the  aldehyde  is  volatilized ;  the  residue  consists  of 
parethaldehyde.  Diluted  acid  acts  less  violently.  Zincic  chloride  has  a  similar 
action,  but  calcic  chloride  and  potassic  acetate  do  not  produce  parethaldehyde, 
and  acetic  acid  appears  to  be  entirely  without  action.  The  paraldehyde  is  beet 
purified  by  submitting  the  crude  product  to  a  temperature  below  0°  (32^  F.)  for 
some  time;  it  then  crystallizes  out,  and  may  be  freed  from  the  liquid  by 
pressure  between  folds  of  bibulous  paper,  and  distilled.  It  is  a  colourless 
liquid,  of  pleasant  ethereal  odour,  soluble  to  the  extent  of  about  12  vols, 
in  100  vols,  of  water  at  13**  (S5*'4  F-) ;  it  solidifies  below  10**  (50**  F.)  to  au 
ice-like  mass,  but  sometimes  forms  large  transparent  prisms ;  the  crystals  melt 
at  io°-5  (50^-9  F.).  It  boils  at  124°  (2SS°-2  F.),  and  at  15°  (59*  F.)  has  the 
sp.  gr.  998.  Its  vapour  density  corresponds  to  the  formula  C^Ii^O,.  When 
distiUed  with  a  small  quantity  of  sulphuric  or  hydrochloric  acid,  or  with  zincic 
chloride,  <fec.,  it  is  reconyerted  into  ethaldehyde ;  it  also  furnishes  the  same  products 
as  ethaldehyde  when  acted  upon  by  phosphoric  pentachloride  or  hydrochloric  acid 
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gA»,  the  former  oonyerting  it  into  /9-dichlorethao6,  and  the  latter  into  the 
dichlorether,  CH,  CHaO.CHCl.CH,  (p.  672). 

Meteihaldehyde  ;  metaldehyde:  aiJ^H^O. — This  polymeride  separateii  in  long 
fine  needles  when,  after  the  addition  of  a  small  quantity  of  any  of  the  substances 
which  are  capable  of  converting  ethaldehyde  into  parethaldehyde,  the  liquid  is  well 
cooled ;  the  amount  formed,  however,  is  always  small,  and  does  not  increase  on 
standing.  The  best  method  of  preparing  it  is  to  pass  a  few  bubbles  of  hydro* 
chloric  acid  or  sulphurous  anhydride  into  the  pure  aldehyde,  and  then  to  cool  it 
by  ice,  or  still  better,  by  a  mixture  of  ice  and  salt ;  after  an  hour  or  so  the  crystals 
are  separated  by  filtration,  and  the  residue  is  distilled  with  a  small  quantity  of 
sulphuric  acid,  the  distillate  being  collected  in  a  well-cooled  receiver.  A  fresh 
quantity  of  metethaldehyde  then  forms  in  the  distilkte,  and  a  considerable 
quantity  may  be  prepared  if  these  operations  are  repeated  sufficiently  often ;  some- 
times it  is  desirable  to  add  a  further  small  quantity  of  the  substance  originally 
employed  to  eflTect  the  change  to  the  distillate,  or  to  distil  nearly  to  dryness,  which 
produces  a  sufficient  amount  of  sulphurous  anhydride.  Crystals  of  metethalde- 
hyde often  form  on  pieces  of  calcic  chloride  placed  in  pnre  ethaldehyde. 

Metethaldehyde  appears  to  crystallize  in  forms  belonging  to  the  quadratic 
system.  When  rapidly  heated,  it  suddenly  sublimes  in  small  needles.  When 
thus  sublimed,  however,  a  portion  undergoes  conversion  into  ethaldehyde,  and  it 
may  be  entirely  depolymerized  by  heating  at  112° — 115°  in  closed  tubes  for 
several  hours.  It  is  insoluble  in  water,  and  only  slightly  soluble  in  cold  alcohol, 
benzene,  or  ether ;  it  is  somewhat  more  soluble  in  the  hot  liquids,  and  crystsllizes 
out  in  long  needles  as  the  solutions  cool.  When  it  is  warmed  with  a  small 
quantity  of  dilute  sulphuric  acid,  pure  ethaldehyde  distils  over ;  in  presence  of  a 
small  quantity  of  hydrochloric  acid  gas,  it  gradually  disappears,  furnishing  a 
mixtui'e  of  ethaldehyde  and  parethaldehyde.  Phosphoric  pentachloride  converts 
it  into  /3-dichlorethane.  It  is  not  altered  by  heating  with  ammonia  at  120° 
(248°  F.)  (Kramer  and  Pinner). 

The  manner  in  which  the  paraldehyde  and  metaldehyde  are  probably  formed 
from  ethaldehyde  has  already  been  explained  (p. '7 1 7),  where  the  oonstitutiua  uf 
the  former  has  also  been  indicated.  At  pre^p^  there  are  no  data  which  enable  us 
to  decide  what  is  the  molecular  weight  of  metethaldeh\'de,  but  as  it  is  less  fusible 
and  also  less  soluble,  as  well  as  less  stable  than  parethaldehyde,  it  has  probably  a 
higher  molecular  weight  than  the  Utter. 

(1627)  Condensaiion  of  Ethaldehyde, — Pare  ethaldehyde  is  not 
altered  when  heated  alone  or  with  water  at  loo^  (212°  P.),  but  if  a 
mere  trace  of  hydrochloric  or  sulphuric  acid  or  of  zincic  chloride  be 
present,  the  aldehyde  is  converted  chiefly  into  crotonic  aldehyde 
(q.  v.),  C^HgOzrCHg.CH— CH.COH  ;  the  same  change  takes  place 
at  ordinary  temperatures,  although  much  more  slowly,  and  many 
salts  and  other  substances  besides  those  mentioned  induce  con- 
densation. Besides  crotonic  aldehyde,  higher  condensation  pro- 
ducts are  formed,  especially  if  the  heating  be  long  continued,  but 
these  have  not  yet  been  obtained  in  a  pure  state  (Kekule,  Ann. 
Chem.  PAarm.,  clxii.  196). 

If  well-cooled  ethaldehyde  be  saturated  with  hydrochloric  acid  gas,  the  latter  is 
at  first  absorbed,  but  after  a  time  two  layers  are  formed,  one  being  an  aqueous 
solution  of  hydrochloric  acid,  and  the  other  the  dichlorether  (CH,.CHC1),0.  If 
the  latter  be  allowed  to  remain  in  contact  with  the  acid,  it  ^idly  ondergoes 
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change,  becoming  brown  and  after  a  time  completely  resinified  (Baeyer).  Ope 
of  the  products  of  this  change  is  crotonic  aldehyde,  and  a  second  is  a  crystalling 
chlorobutyric  aldehyde,  CjHgOLCOH,  formed  apparently  by  the  combination  of 
the  crotonic  aldehyde  with  hydrochloric  acid ;  sometimes  a  crystalline  compound 
of  the  formala  C,^H,.C1,0.  is  also  obtained  (Kekal^). 

If,  however,  i  pt.  of  ethaldehyde  be  mixed  with  i  pt.  of  water  and  2  pts.  of  a 
saturated  solution  of  hydrochloric  aiud,  and  the  mixture  be  lefb  to  itself  for 
several  days  at  a  temperature  of  15° — 20°  (59**— 68®  F.),  aldol  or  ojy- 
butyric  aldehyde  ((I,  ▼.)»  C,H,0,  =  CH,.CH(OH).CH,.COH,  is  produced  (Wurtz). 

Hydriodic  acid  also  readily  acts  on  ethaldehyde  with  separation  of  water  and 
formation  of  condensation  products,  which  have  not  yet  been  examined,  however 
(Geuther  and  Cartmell,  Ann,  Chem.  Pharm.,  cxii.  16).  According  to  Ber- 
thelot,  ethane  is  produced  when  ethaldehyde  is  heated  with  hydriodic  acid  at  high 
temperatures. 

On  passing  trimethylamine  into  an  ethereal  solution  of  ethaldehyde,  water 
separates,  and  condensation  products  are  formed  (Lubavin,  Deui,  chem,  Ges,  JBer,, 
viii.  1684). 

Riban  (Compi,  Bend.,  Ixxv.  98)  states  that  sodium  dissolves  in  an  ethereal 
solution  of  ethaldehyde  with  evolution  of  hydrogen,  and  that  if  hydrochloric  acid 
gas  be  then  passed  into  the  liquid  until  it  is  slightly  aoid,  and  it  be  subsequently 
evaporated,  &c.,  ethaldol  is  obtained ;  but  from  Borodin's  experiments  on  isopental- 
dehyde  (Deut  chem.  Gee,  Ber.,  v.  480)  it  appears  probable  that  the  hydrogen 
evolved  cannot  have  been  derived  from  the  iddehyde,  and  that  the  alteration  of 
the  latter  was  caused  by  the  sodic  hydrate  or  ethylate  formed  from  the  water  or 
alcohol  present  in  the  ether.  Riban  also  obtained  condensation  products  of 
ethaldehyde  by  heating  it  with  zinc  turnings  at  100°  (212®  F.). 

(1628)  Action  of  Chlorine  and  Bromine  on  Ethaldehyde, — The 
nature  of  the  product  obtained  by  the  action  of  chlorine  on  ethalde- 
hyde depends  on  the  conditions  of  experiment.  Thus,  when  ethalde- 
hyde is  poured  into  glass  flasks  filled  with  chlorine,  acetic  chloride, 
CH3.COCI,  and  the  chloraceliln  of  aldehydrol,CH3.CHC1.0C3H30, 
are  the  chief  products;  these  substances  are  also  formed  on 
passing  chlorine  into  an  ice-cold  mixture  of  tetrachloromethaue 
with  one-tenth  of  its  weight  of  ethaldehyde  in  sunshine  (Wurtz, 
Compt.  Rend,,  Ixxiii.  528).  If,  however,  a  well-cooled  aqueous 
solution  of  the  aldehyde  be  submitted  to  the  action  of  chlorine, 
trichlorethaldehydrol  or  chloral-hydrate,  CCl3.CH(OH)2,  is  the 
final  product :  but  in  this  case  we  must  assume  that  ethaldehydrol^ 
CH8.CH{0H)j^  and  not  ethaldehyde,  CHj-COH,  is  acted  upon, 
and  hence  the  difierence  in  the  results.  On  passing  chlorine  into 
ethaldehyde  cooled  to— 10°  (14°,  P.),  the  gas  is  entirely  absorbed, 
but  after  a  time  the  liquid  becomes  filled  with  needles  of  met- 
ethaldehyde;  on  continuing  to  pass  the  chlorine,  a  colourless, 
heavy  liquid,  consisting  of  an  aqueous  solution  of  hydrochloric 
acid,  collects  at  the  bottom  of  the  vessel,  and  finally  a  yellow  or 
brownish  syrupy  mass  more  than  double  the  weight  of  the 
aldehyde  taken  is  obtained,  very  little  hydrochloric  acid  being 
evolved.    Farethaldehyde  furnishes  a  precisely  similar  product,  but 
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is  much  less  Tiolently  acted  on.  In  this  manner  the  ethaldehyde 
is  finally  converted  into  trichlorotetraldehyde,  CjH^CU.COH 
v(Kramer  aud  Pinner ;  Pinner,  Ann,  CJiem,  Pharm,,  clxxix.  21),  the 
formation  of  which^  however,  is  undoubtedly  the  end  result  of  a 
long  series  of  changes :  in  the  first  place  a  certain  quantity  of 
acetic  chloride  is  probably  produced,  but  the  hydrochloric  acid 
liberated  in  its  formation  rapidly  induces  the  conversion  of  the. 
aldehyde  in  part  into  polymerides  and  in  part  into  crotonic  alde- 
hyde ;  later  on,  however,  these  polymerides  doubtless  also  undei^ 
conversion  into  crotonic  aldehyde,  under  the  influence  of  the 
hydrochloric  acid.  The  crotonic  aldehyde  thus  produced  then 
either  combines  with  hydrochloric  acid,  forming  a  chlorotetralde- 
hyde,  which  is  acted  upon  by  the  chlorine  and  further  chlori- 
nated ;  or  it  combines  with  chlorine,  and  the  resulting  dichlor- 
aldehyde  is  converted  into  trichloraldehyde  by  the  further  action 
of  the  chlorine ;  or  it  becomes  partially  chlorinated,  and  then 
unites  either  with  hydrochloric  acid  or  chlorine.  The  water 
produced  in  the  formation  of  the  crotonic  aldehyde  doubtless 
plays  a  useful  part  in  preventing  the  formation  of  acetic  chloride, 
or  of  chlorides  corresponding  to  the  aldehydes  produced,  by 
combining  with  these  latter,  so  that  really  the  aldehydrols  and 
not  the  aldehydes  are  acted  upon  by  chlorine. 

Bromine  acts  even  more  violently  than  chlorine  on  ethaldehyde, 
and  in  order  therefore  to  examine  its  action  it  is  necessary  to 
dilute  the  aldehyde ;  but  parethaldehyde  being  less  violently  acted 
upon  is  more  conveniently  employed.  When  bromine  is  care- 
fully added  to  a  well-cooled  solution  of  parethaldehyde  in  two  or 
three  times  its  weight  of  carbonic  bisulphide,  the  reaction  appears 
to  take  place  in  precisely  the  same  way  as  when  chlorine  is  em- 
ployed, hydrobromic  acid  being  evolved,  while  water  is  seen  to 
separate;  but  on  distilling  the  product  it  is  entirely  decomposed. 
If,  however,  ethylic  acetate  be  employed  as  diluent,  the  di-  and 
tri-brominated  derivative  of  ethaldehyde  are  readily  produced ;  ap- 
parently monobromethaldehyde  cannot  be  prepared  in  this  manner, 
the  product  obtained  on  adding  bromine  to  a  solution  of  ethalde- 
hyde in  the  requisite  proportions  being  entirely  decomposed  on 
distillation  (Pinner,  loc.  cit.,  p.  67).  Iodine  is  dissolved  by 
ethaldehyde,  but  apparently  is  without  action  upon  it. 

(1629)  Combination  of  Ethaldehyde  with  Acid  Sulphites. — 
Ethaldehyde  dissolves  in  a  concentrated  solution  of  hydric  potassic 
sulphite  with  considerable  development  of  heat,  and  if  the  clear 
solution  be  concentrated  over  sulphuric  acid,  the  compound 
CH3.CH(0H).S0gK  is  obtained  as  a  hard  crystalline  mass  con- 
sisting of  needles  grouped  together  in  bundles.     This  salt  may  be 
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preserved  unchanged  nnder  ordinary  conditions,  but  is  decomposed 
at  100^  (212^  F.),  and  also  on  heating  its  aqueous  solution  ;  in  the 
latter  case  ethaldehyde  and  sulphurous  anhydride  are  given  off, 
potassic  sulphite  remaining  in  solution.  It  is  also  decomposed 
by  alkaline  carbonates,  with  formation  of  ethaldehydrol  and  a 
normal  sulphite. 

The  oorresponding  sodinm  compound  \b  prepared  in  a  similar  manner ;  it  is 
extremely  solnbl^  in  water,  orystallizing  from  the  eolation  on  slow  evaporation 
in  glistening  platee  of  the  composition  2CH,.CH(0H) JJaSO,  +  OH,.  The 
barium  compound,  (CH,.CH(0H).S0,),6a,  may  be  prepared  by  adding  a  slight 
excess  of  ethaldehyde  to  a  solution  of  sulphurous  acid,  then  neutralizing  with  baric 
carbonate,  and  adding  alcohol  to  the  dear  solution,  when  it  is  thrown  down  as  a 
glistening  precipitate.  The  aqueous  solution  of  this  salt  is  decomposed  by 
boiling,  either  alone  or  with  sodic  carbonate  or  baric  hydrate,  but  it  is  not  altered 
by  carbonic  or  sulphurous  acids. 

These  compounds  of  ethaldehyde  (and  of  its  homologues)  with  the  acid  sulphites 
may  be  regarded  either  as  derivatives  of  sulphurous  or  of  sulphuric  acid,  thus : 

CH.  CH. 

I  I 

I.   CH.OH  11.   CH.OH 

O.m^A  SO,Na. 

Their  slight  stability  would  appear  to  favour  the  former  assumption,  but 
there  is  evidence  of  the  latter  being  the  more  probable.  Thus  when  /3-dichlor- 
ethane,  CH,.CHC1,,  is  heated  with  a  solution  of  sodic  sulphite  in  sealed  tubes  at 
about  140°  (284^  F.),  one  half  the  chlorine  is  displaced  by  the  group  SO^Na, 
and  the  sodic  salt  of  a  body  which  from  its  behaviour  is  undoubtedly  a  snlpho- 
acid  is  produced ;  but  this  is  not  the  only  product  of  the  reaction :  the  contents 
of  the  tubes  exhibit  an  acid  reaction  and  smell  of  sulphurous  acid,  the  more  so  the 
higher  the  temperature  to  which  it  has  been  heated  and  the  longer  the  heating  has 
been  continued,  and  on  distillation  with  acid  ethaldehyde  is  obtained.  Ethalde- 
hyde is  also  produced  on  heating  the  pure  chlorosulpho-salt  with  20  times  its 
weight  of  water  for  24  hours  at  140"  {284°  F.)  (Bunte,  Ann,  Chem,  Pharm,, 
dxx,  305).  From  this  there  can  be  little  doubt  that  by  the  action  of  the 
sulphite  on  the  dichlorethane,  sodic  chlorethykulphonate  is  Gist  produced : 

CH,.CHC1,  +   SO,Na,   =  CH,.CHCLSO,Na  +  NaQ, 

and  that  this  is  then  decomposed  by  the  water  and  converted  into  sodic  oxethyl- 
sulphonate  and  hydrochloric  acid,  or  oxethylsulphonic  acid  and  sodic  chloride : 

CH,.CHa.SO^a   +   OH,  =   CH,.CH(OH).SO,Na   +    HCl. 

The  formation  of  an  oxethylsulphonic  acid  in  this  manner  from  ethaldehyde  is 
analogous  to  that  of  the  isomeric  sulpho-acid,  the  so-called  isethionic  acid,  from 
ethylenio  oxide,  the  isomeride  of  ethaldehyde : 


CHJ  CH,.OH 

■    •  0     +     H,SO,     =      1^  , 

'  •     •  CH,.SO,H 


CH,I 


the  sulpho-acid  and  its  salts  derived  from  ethaldehyde,  like  all  compounds  in  which 
several  negative  radicles  are  associated  with  the  same  carbon  atom,  being  a  body 
of  slight  stability,  whereas  the  isomeric  body  in  which  the  negative  radicles  are 
associated  with  different  carbon  atoms  is  comparatively  a  very  stable  compound. 
When  ethaldehyde  is  dissolved  in  a  solution  of  hydric  ammonic  sulphite,  and 
the   liquid  is  concentrated   by  evaporation   over   sulphuric  acid,  crystals  are 
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obtaiDed  of  a  com  pound  which  has  the  formula  C,H,NO^S,  and  therefore,  i 
tains  the  elements  of  a  molecule  of  water  less  than  would  be  the  case  with  a 
body  formed  by  the  union  of  ethaldehyde  and  hydric  ammonic  sulphite.  A  sub- 
stance of  the  same  composition  is  obtained  on  passing  sulphurous  anhydride  into 
an  alcoholic  solution  of  the  compound  of  ethaldehyde  and  ammonia.  Both  ay*- 
tallize  in  small  needles,  but  the  former  requires  somewhat  more  than  six  times 
its  weight  of  water  at  i6°  (6o°*8  F.)  to  dissolve  it,  whilst  the  latter  dissolves  ia 
less  than  one  and  a  half  parts  ;  the  former  also  is  scarcely  altered  when  heated  at 
1 00°  (212°  F.),  whereas  the  latter  rapidly  loses  weight  and  is  converted  into  a 
brown  resinous  mass  (Bonte,  loc,  cU,),  Perhaps  the  most  probable  explanation 
of  the  formation  of  these  two  compounds  ia  afforded  by  the  following  equations  : 

CH,.COH  +  HSOpra,  =  CH,.CH  |  q^'^™*  =  CH,.CH  {  ^H  }  "^  ^^ 

(1630)  EthaldehydrolChUyracetin;  Chloreihylic  Acetate:  CH,.CHC1(C,H,0 ). 
-^Thu  compound  is  formed  by  the  direct  union  of  ethaldehyde  and  aoetio  chloride, 
when  a  mixture  of  these  two  substanoas  is  heated  at  100^  (212°  F.).  It  is  a 
mobile  liquid  lighter  than  water,  which  slowly  decomposes  it,  boiling  at 
120° — 124°  (248° — 255**2  F.)  (Maxwell  Simpson,  Compi,  Rend.,  xlviL  874). 
By  the  action  of  potassic  acetate  it  is  converted  into  etkaldehydrol  diaeetin, 
CH,.CH(C,H,0,),  (R.  Schiff,  Deut.  chem.  Gee,  Ber.,  ix.  304),  which  is  aUo 
formed  on  heating  a  mixture  of  ethaldehyde  and  aeetic  anhydride  for  about  twelve 
hours  at  180°  (356°  F.) ;  it  boils  at  169**  (336®'2  F.),  but  appears  to  undergo 
slight  decomposition  (Geuther,  Ann,  Chem,  Pharm,,  cvi.  229). 

The  formation  of  the  monochlorether,  CH,.CH01.0C,H,,  on  passing 
hydrochloric  acid  gas  into  a  solution  of  ethaldehyde  in  alcohol,  and  of  acetal, 
CH,.CU(00,H,),  on  heating  ethaldehyde  with  alcohol  has  already  been  described 
(pp.  671,  680).  The  production  of  the  former  may  b6  regarded  as  the  result 
of  the  action  of  the  hydrochloric  acid  on  the  compound  CH^CH(OH).OC,H,, 
formed  by  the  union  of  the  aldehyde  with  the  alcohol. 

(1631)  Cyanethylic  Alcohol :  CH,.CH(CN).OH.— Anhydrous  hydrocyanic 
acid  and  ethaldehyde  gradually  combine  to  form  this  compound  when  the  mixture  of 
the  two  substances  is  left  at  rest  for  ten  or  twelve  days  at  20° — 30°  (60° — 86°  F.) ; 
heating  at  100^  (212°  F.)  apparently  does  not  facilitate  their  combination.  It 
is  a  colourless  liquid,  of  sharp  bitter  taste,  miscible  with  water  in  all  proportions ; 
it  ii«  scarcely  altered  when  heated  at  150°  (302^  F.),  but  on  distillation  boils 
at  about  180° — 184°  (356*— 363'''2  F.),  being  partially  resolved  into  ite 
generators.  It  may  also  be  heated  wi<^  water  at  1 50°  (302°  F.)  for  three  or  four 
hours  without  change ;  alkalies  decompose  it,  however,  with  separation  of  ethalde- 
hyde, and  coucentrated  hydrochloric  acid  at  once  acts  upon  it  at  ordinary 
temperatures,  but  the  two  substances  may  be  mixed  at  o**  (32**  F.),  and  if 
the  temperature  of  the  mixture  be  then  gradually  allowed  to  rise  it  soon 
solidifies  to  a  mass  of  crystals,  the  cyanide  being  converted  into  lactic  acid : 
CH,.CH(OH).CN  +  2OH,  +  Ha  =  CH,.CH(OH).COOH  +  NH^  (Simpson  and 
Gautier,  Compt  Bend.,  Ixv.  414).  Lactic  acid  is  also  formed  when  a  mixture 
of  ethaldehyde  and  of  solutions  of  hydrocyanic  and  hydrochloric  acids  is  gently 
heated  for  some  time. 

(1632)  Trigenic  Acid :  CJl^fi^, — On  passing  the  vapourof  cyanic  acid  over 
ethaldehyde,  violent  action  takes  place,  the  liquid  entering  into  ebullition,  and 
carbonic  anhydride  being  evolved ;  finally  the  whole  solidifies  to  a  mass  resembling 
calcined  borax,  and  on  boiling  this  for  some  time  with  moderately  strong  hydro- 
chloric acid  a  solution  is  obtained  from  which  trigenic  acid  crv^allizea  out  on 
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cooling  in  small  oolourlera  prismB.  It  is  probably  formed  by  the  displacement 
of  one  of  the  CO  groups  in  the  so-called  cyanuric  acid  (1145)  by  Uie  group 
CH^.CH,  and  the  name  trigenio  acid  is  therefore  a  misnomer ;  when  ammonia 
and  argentic  nitrate  are  added  to  its  aqueous  solution,  a  colourless  crystalline 
precipitate  of  the  silver  derivative  Cfi^AgNfi^  is  thrown  down. 

(1633)  Action  of  Ammonia  and  of  Amines  on  Ethaldehyde. — On 
passing  ammonia  gas  into  a  solution  of  ethaldehyde  in  ether,  crystals 
are  obtained  of  so-called  aldehyde  ammonia,  which,  however,  from 
the  manner  in  which  it  is  formed  and  from  its  properties,  may  be 
regarded  as  amidoethylic  alcohol:  CHg.CH(NH2).0H.  It  crys- 
tallizes in  well  formed  colourless  rhombohedra,  possessing  a 
peculiar  odour  like  that  of  mouse  excrement,  very  soluble  in 
water,  but  less  soluble  in  alcohol  and  still  less  so  in  ether ;  it 
melts  between  70®  and  80®  (158° — 176°  F.),  and  decomposes  when 
heated  higher  under  the  ordinary  atmospheric  pressure^  but  under 
a  low  pressure  it  may  be  volatilized  unchanged :  thus  Schroeder 
states  that  in  two  experiments  with  Hofmann's  apparatus  (p.  36) 
at  100°  and  160°  {212^  and  320°  F.)  respectively,  he  obtained  the 
numbers  30*33  and  30*36,  the  theoretical  density  being  30*5 ;  at 
185°  (365°  P.),  however,  the  density  was  only  27*77,  indicating 
that  partial  decomposition  had  taken  place  (DetU,  chem,  Ges.  Ber,, 
iv.  470). 

It  is  readily  decomposed  by  acids,  ethaldebydrol  being  formed, 
so  that  ethaldehyde  is  obtained  from  it  on  distillation  with  dilute 
acids ; .  no  ammonia  is  produced  on  treating  it  with  alkalies  in 
the  cold.  Acetic  chloride  and  anhydride,  and  phosphoric  penta- 
chloride  at  once  resolve  it  into  ethaldehyde  and  ammonia,  and 
then  act  upon  these  separately  (B.  Schiff). 

(1634)  (hmpounds  formed  from  Amidoethylic  Alcohol  (Aldehyde-AmmO' 
nic^, — If  kept,  especially  when  moist,  the  crystids  of  aldehyde-ammonia  become 
yellow ;  this  change,  according  to  Lubavin  (Deut.  chem.  Ges.  Ber,,  viii.  1684),  is 
due  to  the  action  of  the  carbonic  acid  from  the  air.  According  to  Strecker  (Ann. 
Chem,  Pharm.,  8up,,  vi.  255),  if  aldehyde-ammonia  moistened  with  water,  alcohol, 
or  ether,  be  left  to  itself  for  a  considerable  period,  it  is  converted  into  aldehydin, 
a  basic  substance  of  the  composition C.H^^,  =  3CH,.CH(NH3)OH  -  3OH,-  NH,. 
Schiff  has  obtained  the  same  substance  by  allowing  a  solution  of  ethaldehyde  in  an 
excess  of  a  not  too  concentrated  alcoholic  solution  of  ammonia  to  stand  for  five  ' 
or  six  months  in  a  closed  flask  (ibid.,  p.  i).  It  is  an  amorphous  subntanoe, 
very  soluble  in  water  and  alcohol,  forming  an  unstable  hydrochloride  with  two 
molecules  of  hydrochloric  acid,  and  a  granular  crystalline  platinochloride  of  the 
composition  PtCl,N,C^Hj^.  When  heated  with  water,  it  yields  oxytricUdin 
and  ammonia:  C,H^,N,  +  OH^  =  NH,  +  C.Hj^NO  (Schiff).  This  compound  is 
also  amorphous ;  it  combines  with  only  a  single  molecule  of  hydrochloric  acid. 
It  is  not  appreciably  altered  by  heating  at  150^  (302°  F.),  but  is  decomposed  at 
higher  temperatures;  phosphoric  pentachloride  only  slowly  acts  upon  it,  the 
greater  part  becoming  carbonized. 

By  heating  aldehyde-ammonia    with  alcohol  in  closed  vessels,  still  more 
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oomplez  unbRtanoes  are  formed,  bodies  which  Schiff  has  termed  oxytetraldin^ 
CjHjjNO,  and  owypentaldin,  Cj^H  NO,  being  obtained  when  the  temperatare  is 
maintained  at  about  iio° — 120  (230** — 248**  P.)  for  twenty -four  hours; 
ozytetraldin  is  also  the  chief  product  of  the  deoompoiiition  of  aldehjde-ammoiiia 
in  open  vessels  at  about  too"  (212°  ¥,),  If  the  product  obtained  by  heating 
aldehyde-ammonia  with  anhydrous  alcohol  at  120° — 130°  (248'— 266°  P.)  for 
twelve  hours,  be  distilled  from  the  water  bath  until  a  drop  of  the  liquid  whioh 
passes  over  diluted  with  water  is  rendered  turbid  by  the  addition  of  alkali,  and 
the  residue  be  then  distilled  in  a  current  of  superheated  steam,  finally  at  a 
temperature  of  180''  (356*'  F.),  after  which  it  is  diwtilled  alone,  an  oily  distillate 
is  obtained  from  which  »  considerable  quantity  of  eoUidine,  C,H^,N,  may  be 
separated  by  shaking  it  with  hydrochloric  acid,  neuti-alizing  the  acid  liquid  with 
alkali,  drying  the  oil  which  separates  over  solid  potassic  hydrate,  and  then 
submitting  it  to  fractional  distillation.  Other  banio  substances  of  lower  and 
higher  boiling  point,  amongst  them  a  body  apparently  polymeric  with  coUidine, 
and  bodies  free  from  nitrogen  are  also  formed  (Ador  and  Baeyer,  Ann.  Ckem. 
PharTn.,  civ.  294).  Collidine  is  one  of  several  basic  substances  contained  in  the 
Ho-called  Dippel's  oil,  obtained  by  distilling  bones ;  it  is  also  produced  on  heating 
3-dichlorethane,  CH,.CHCl,,  with  aqueous  ammonia  at  160^  (320°  P.)  (Kramer, 
D&ut.  ohem.  Get,  Ber,,  iii.  262).  Its  formation  from  ethaldehyde  is  doubtless 
the  end  result  of  a  series  of  changes,  crotonic  aldehyde  or  its  ammonia  com- 
pound being  probably  first  produced  ;  the  withdrawal  of  the  elements  of  a  single 
molecule  of  water  from  the  latter  obviously  would  furnish  a  body  of  the  oompoei- 
tion  of  ozytetraldin,  whilst  if  the  elements  of  two  molecules  of  water  were  split 
off,  a  body  of  the  composition  of  collidine  would  be  obtained. 

Aldehyde-ammonia  readily  enters  into  reaction  with  a  number  of  other 
substances.  When  it  is  heated  with  a  mixture  of  hydrocyanic  acid  and  dilute 
hydrochloric  acid,  alanine  or  amidopropionic  acid  is  obtained ;  it  may  be  sup- 
posed that  in  the  first  instance  an  amidocyanethane  is  produced: 

CH,.CH(NH,)OH    +    HCN   =    CH,.CH(NH,)CN    +   0H„ 

which  is  afterwards  converted  into  alanine : 

CH,.CH(NH,)CN   +   2OH,  +    HCl  =    CH,.CH(NHJCOOH    +   NH.Cl. 

But  the  formation  of  alanine  would  appear  to  be  preceded  by  that  of  more  com- 
plex bodies.  Thus  on  evaporating  a  solution  of  aldehyde-ammonia  in  aqueons 
hydrocyanic  acid  on  the  water  bath,  a  residue  is  obtained  from  which  ether 
extracts  the  compound  C.H^.N,  =  3CH3.CH(NH,)OH  +  3HCN  -  NH,  -  3OH,. 
It  crystallizes  in  long  needles,  which  sublime  undeoom posed ;  it  does  not  furnish 
a  precipitate  with  silver  solutions,  and  no  evidence  of  its  containing  the  cyanogen 
group  is  obtained  on  treating  it  with  alkali  and  a  ferrous  salt ;  by  dissolving  it 
in  hydrochloric  acid  and  allowing  the  solution  to  evaporate  spontaneously  a 
crystalline  hydrochloride  is  obtained  (H.  Strecker,  Ann.  Chem,  Pharm,,  cxxx. 
222).  If,  however,  aldehyde-ammonia  be  dissolved  in  hydrocyanic  acid  solu- 
tion, and  sufficient  dilute  hydrochloric  acid  be  added  to  render  the  mixture 
distinctly  acid,  and  it  be  then  left  to  itself  in  a  closed  vessel,  the  liquid 
sooner  or  later  becomes  filled  with  crystals  of  hydrocyanaldin :  C  H  N  = 
3CH,.CH(NHJ0H  +  3HCN-30H,-2NH.,  especially  if  exposed*  t^' sun- 
light This  compound  melts  at  a  high  temperature  and  sublimes  unchanged 
if  not  too  rapidly  heated ;  its  aqueous  solution  is  not  precipitated  by  silver 
salts,  but  if  nitric  acid  be  added  and  the  liquid  boiled,  argentic  cyanide 
is  thrown  down  and  an  odour  of  ethaldehyde  is  apparent;  on  heating  it 
with  alkali,  ammonia  is  evolved  and  aldehyde-resin  is  formed;  it  does  not 
combine   with  acids    (A.    Strecker,   ibid,,   xci.    349).       A   third   compound, 
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C.H,N,=  2CH,.CH(NHpOH+2HCN-20H,-NH,,  »  obtained  when  a 
mixture  of  pure  potadsic  cyanide  and  aldehyde-ammonia  is  decomposed  by 
means  of  a  spray  of  hydrochloric  acid ;  it  crystallizes  in  needles  melting  at 
67^  (i 52^*6  F.),  and  decomposes  when  heated  higher.  It  is  decomposed  when 
heateid  with  an  aqaeous  solution  of  argentic  nitrate  in  the  manner  represented 
by  the  equation : 

C.H,N;  +  2AgN0,  +  2OH,  =  2CH,.C0H  +  2AgCN  +  NH^NO,  +  HNO,, 

and  when  heated  with  hydrochloric  acid  yields  ethaldehyde  and  alanine  (Urech, 
Deut.  ehem,  Ges.  Ber.,  vii.  11 15). 

From  the  properties  of  these  different  substances  derived  from  aldehyde- 
ammonia,  it  appears  highly  probable  that  the  latter  is  first  converted  into  the 
compound  CHj.CH(NH,)CN,  and  that  even  if  the  alanine  be  not  directly  formed 
from  this,  the  more  complex  bodies  which  furnish  it  are  produced  from  this 
cyanamido-compound  by  the  union  of  several  molecules  and  simultaneous  elimina- 
tion of  the  elements  of  one  or  more  molecules  of  ammonia. 

When  a  mixture  of  aldehyde-ammonia  with  potassic  cyanide  and  cyanate  is 
acted  upon  by  acids,  a  crystalline  body  of  the  composition  of  lactylurea, 
C\H,N,0,;  is  produced,  which  yields  alanine,  carbonic  anhydride,  and  ammonic 
chloride,  when  heated  with  hydrochloric  acid  (Urech,  loc,  cit.). 

On  passinfi^  sulphuretted  hydrogen  into  an  aqueous  solution  of  aldehyde- 
ammonia,  glistening  colourless  crystals  of  thialdin,  C^H^NSo,  are  obtained ;  the 
formation  of  this  body  is  probably  preceded  by  that  of  the  thio-compound  cor- 
responding to  aldehyde-ammonia,  thus : 

CH,.CH(NHJ.0H    +    SH,   =   CH3.CH(NH,).SH   +    OH,; 

3CH,.CH{NHJ.SH         =   CH,.CH-NH-CH.CH,  +    2NH,  +  SH,. 

S  -  CH-S 

I 

Thialdin  may  also  be  prepared  by  the  action  of  ammonia  on  parathloethaldehyde, 
its  formation  from  which  may  be  regarded  as  the  result  of  the  displacement  of  one 
of  the  atoms  of  sulphur  by  the  group  (NH)" : 

CH,.CH— S    —   CH.CH,  CH,.CH— NH  —  CH.CH, 

I  I 

CH,  CH, 

Panthioetbaldehyde.  Thialdin. 

Thialdin  melts  at  43''  (i09°'4  F.) ;  it  may  be  distilled  with  the  vapour  of  water, 
and  sublimes  unchanged  at  ordinary  temperatures,  but  decomposes  when  distilled 
alone.  It  dissolves  readily  in  acids,  and  forms  crystalline  salts  such  aa  the 
hydrochloride  C,H,^NSjCl ;  it  also  exhibits  the  behaviour  of  a  tertiary  amine  in 
combining  with  the  moniodoparaffins.  It  furnishes  precipitates  with  a  number 
of  metallic  salts,  which,  however,  rapidly  decompose,  metallic  sulphide  being 
formed ;  it  is  decomposed  when  warmed  with  a  solution  of  argentic  nitrate, 
ethaldehyde,  ammonic  nitrate,  and  argentic  sulphide  being  produced. 

A  corresponding  selenaldin,  C^H^^Se,,  is  obtained  by  the  action  of  seleui- 
uretted  hydrogen  on  aldehyde-ammonia. 

On  adding  carbonic  bisulphide  to  an  alcoholic  solution  of  aldehyde-ammonia, 
the  alkaline  reaction  at  once  disappears,  the  temperature  rises,  and  in  a  few 
minutes  white  glistening  crystals  of  carbothialdin,  C^Hj^N^S,,  separate  from  the 
solution.  Perhaps  the  bisulphide  unites  in  the  first  instance  with  the  amido- 
ethylic  alcohol  to  form  a  thiooarbonate,  thus:  ^  , 
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CH,.CH|j^g^  +  CS.  =  CSJg^jj^^jj^j^jj^^ 
which  then  enters  into  reaction  with  a  second  molecule  of  the  amido-oompoimd  : 


<o 


vS.CH(NH,).CH,  >S.CH(NH).CH, 

+  NH,.CH(OH).CH,   =   CS:^  ]  +  2OH,. 

\NH.CH.CH, 

Carbothialdin  u  almost  insoluhle  in  water,  bat  dissolves  readily  in  hot  aloohoL 
It  18  immediately  dissolved  by  dilate  hydrochloric  acid,  and  is  reprecipitated 
unchanged  if  ammonia  be  then  added,  but  if  the  solution  be  allowed  to  stand  it 
coagulates  in  consequence  of  the  separation  of  a  yellowish  white  insoluble 
substance ;  on  boiling  it  with  an  excess  of  acid,  it  is  resolved  into  ethaldehyde, 
carbonic  bisulphide,  and  an  amraonic  salt.  It  furnishes  precipitates  with  « 
number  of  metallic  salts,  which  readily  decompose  on  standing. 

The  behaviour  of  ethaldehyde  with  the  amines  derived  from  the  i)araffins  does 
not  appear  to  have  been  investigated.  When  aniline  and  ethaldehyde  are  mixed, 
a  violent  reaction  takes  place,  a  thick  brown  liquid  and  water  being  formed ;  if 
the  two  substances  are  previously  cooled  in  a  mixture  of  ice  and  salt,  and  then 
mixed,  the  reaction  also  takes  place  at  once,  but  the  product  is  only  yellow.  To 
complete  the  reaction,  the  mass  is  heated  at  loo**  (212^  F.)  for  a  few  hours. 
The  product  then  consists  of  a  mixture  of  two  compounds  formed  by  the  addon, 
of  one  and  two  molecules  respectively  of  ethaldehyde  on  two  molecules  of  aniline, 
NH,.C,H^,  and  which  are  represented  by  the  formulse : 

CH.CH  { sS:c:S:     ^-^  { SS }  ^h-ch.. 

They  may  be  separated  by  means  of  boiling  alcohol,  in  which  the  former  is 
sparingly  but  the  latter  readily  soluble ;  only  the  former  has  been  obtained  in 
crystals  (Schiff,  Ann.  Chem.  Pkarm,,  8up,,  iii.  344). 

(1635)  Action  of  Ethaldehyde  on  Acid  Amidee, — By  heating  ethaldehyde 
with  acetamide,  CH,.CO(NH,),  in  sealed  tubes,  it  is  readily  converted  into  the 
compound  CHj.CH(NH.CO.CHg)j ;  this  body  crystallizes  in  large  prisms,  which 
melt  at  169°  (33^^' 3  F.);  acids  decompose  it  with  formation  of  ethaldehyde 
(Tawildarow,  Deut,  chem.  Get,  Ber.,  v.  477). 

Benzamide  yields  a  similar  compound:  although  this  amide  is  not  soluble  in 
pure  ethaldehyde,  it  readily  dissolves  on  the  addition  of  a  few  drops  of  dilute  hydro- 
chloric acid,  heat  being  developed ;  on  cooling,  the  solution  solidifies  to  a  white 
crystalline  mass  of  ethylidenedibenzamide,  CH,.CH(NH.CO.C,H J,.  It  melts 
at"  188^  (37o*''4  F')  »  ^^^T^  heated  with  dilute  acids,  it  is  readily  converted  into 
ethaldehyde  and  benzamide  (Nencki,  ibid.,  vii.  158).  The  same  compound  is 
formed  when  cyanobenzene  (benzonitrile)  is  added  to  a  solution  of  parethal- 
dehyde  in  sulphuric  acid,  and  other  cyanides  yield  analogous  products  (Hepp 
and  Spiess,  ibid.;  ix.  1424). 

Ethylic  carbonate  (nrethane),  NHj.CO.OC,H^,  behaves  in  a  precisely  similar 
manner,  the  formation  of  the  compound  CHj.CH(NH.CO.(X;,H^)j  taking  place 
at  once  on  the  addition  of  a  few  drops  of  hydrochloric  acid  to  the  solution  of 
urethane  in  ethaldehyde.  It  melts  at  1 26^  (258^*8  F.),  and  is  readily  decomposed 
by  acids  (Nencki).  The  same  compound  is  formed  when  a  mixture  of  aoetal, 
CH,.CH(OC,H^),,  and  urethane  with  concentrated  hydrochloric  acid  is  allowed 
to  stand  (Bischoff,  ibid.,  vii.  629). 

By  passing  chlorine  into  alcohol  saturated  with  the  vapoar  of  hydrocyanic 
acid,  or  a  solution  of  mercuric  cyanide  in  alcohol,  Stenhouse  obtained  a  crystalline 
compound  of  the  formula  C^Hj^CigNjO^.  On  repeating  these  experiments, 
Bischoff  (ibid.,  ▼.  80)  also  obtained  this  compound,  but  found^that  sometime* 
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a  oorresponding  monochlorinated  compound,  CgHj^ClN^O^,  was  formed,  the  latter 
being  more  frequently  produced  when  a  solution  of  mercuric  cyanide  was  em 
ployed ;  and  afterwards  he  succeeded  in  obtaining  this  monochlorinated  compound 
by  the  action  of  monochloraoetal  on  urethane  in  presence  of  hydrochloric  acid. 
Hence  there  can  be  no  doubt  that  the  bodies  thus  obtained  are  chlorinated  derivatives 
of  ethylideneurethane,  mono*  and  diohloraoetal  may  both  be  produced  by  the  action 
of  chlorine  on  alcohol  (p.  681),  and  as  hydrocyanic  acid  yields  cyanogen  chloride 
when  acted  upon  by  chlorine,  and  cyanogen  chloride  and  alcohol  yield  urethane ; 
the  formation  of  bodies  derived  from  urethane  and  mono-  and  dichloracetal  by 
the  action  of  chlorine  on  a  mixture  of  hydrocyanic  acid  and  alcohol  is  therefore 
readily  understood. 

Urea,  CO(NH,),,  readily  dissolves  in  a  mixture  of  ethaldehyde  with  an  equal 
volume  of  alcohol,  its  solution  being  attended  with  development  of  heat.  After 
a  few  hours  the  solution  begins  to  deposit  crystals,  and  finally  the  whole  solidifies 

to  a  mass  of  aggregates  of  small  needles  of  etki/lideneurea,  CH,.CH  {  ^y  [  CO. 

The  same  compound  is  obtiuned  if  an  aqueous  solution  of  ethaldehyde  be  employed. 
Moderately  concentrated  acids  at  once  reconvert  ethylideneurea  into  ethaldehyde  and 
urea ;  it  appears  to  be  destitute  of  basic  properties  (Schiff,  Ann.  Chem.  Pharm,, 
clL  206),  A  corresponding  compound  is  formed  on  heating  thiourea,  CS(NH,),, 
with  ethaldehyde  in  sealed  tubes  at  100°  (212''  F.)  (EeynoTds,  Deut,  chem.  Ges. 
Ber.,  W.S06). 

If  a  moderately  concentrated  solution  of  aldehyde-ammonia  and  thiourea  be 
heatod  in  an  open  dish,  as  soon  as  it  begins  to  boil  it  solidifies  to  a  mass  of 
crystals  of  the  composition  C,HjjN,S  (Nencki,  ibid.,  vii.  162).  On  boiling  the 
aqueous  solution  of  this  compound,  it  is  gradually  decomposed  into  ammonia, 
thiourea,  and  ethaldehyde ;  its  formation  probably  takes  place  in  the  following 
manner : 

.       2NH..CH(CHJ.0H  +  CS(NHJ.  =  SS;;cH(CH;)S  }  ^^  "^  "^^= 

NH,.CH(CH,).HN  I  cs  -  NH    +  NH  i  CH(CH^.HN  )  ^ 
NH..CH(CH,).HN  /  ^^  -  •^"»  +  ^^  t  CH(CH,).HN  /  ^^• 

When  cyanogen  gas  is  passed  into  crude  ethaldehyde,  a  white  pulverulent  pre- 
cipitate of  the  composition  C^H^^N^O^  is  obtained  (Berthelot  and  Saint  Gilles, 
Chmpt.  Bend,,  Ivi.  1 1 7 1  )•  This  body  is  doubtless  derived  from  oxamide,  which 
is  the  first  product  of  the  action  of  water  on  cyanogen,  and  may  be  represented 
by  the  formula,  CH,.CH(NH.CO.CO.NH,),.  Its  formation  in  this  manner 
explains  Liebig's  observation  that  when  a  small  quantity  of  ethaldehyde  is  added 
to  a  solution  of  cyanogen,  the  latter  remains  colourless,  gradually  depositing 
oxamide,  into  which  the  whole  of  the  cyanogen  ultimately  undergoes  con- 
version ;  whereas  without  the  aldehyde  the  solution  rapidly  becomes  brown, 
and  the  cyanogen  is  converted  into  ammouic  oxalate,  urea,  Ac.  In  presence  of 
the  aldehyde  the  cyanogen  is  probably  converted  into  ethylideneoxamide,  which 
18  gradually  decomposed  by  the  water  into  ethaldehyde  and  oxamide ;  and  the 
aldehyde  thus  liberated  again  forms  ethylideneoxamide,  which  is  again  decom- 
posed, so  that  a  small  quantity  of  aldehyde  suffices  to  effect  the  conversion  of  a 
large  amount  of  cyanogen  into  oxamide. 

The  isothiocyanates  also  enter  into  reaction  with  aldehyde-ammonia  (R. 
Schiff,  Deut  chem,  Qee.  Ber.,  ix.  565). 

(1636)  Action  of  Aldehyde  on  Hydrocarbons. — Concentrated 
sulphuric  acid  at  once  decomposes  ethaldehyde^  so  that  products  of 
its  action  on  benzene  are  not  obtained  on  mixing  it  with  a  solution  j 
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of  this  hydrocarbon  in  sulphuric  acid,  but  if  the  more  stable  pareth- 
aldehyde  be  carefully  dissolved  in  the  acid,  and  benzene  be  then 
added  to  the  solution,  the  hydrocarbon  diphenyUihane  is  produced : 

CH3.COH  +  aC^Hj  =  CH3.CH(CgH5),  +  OH,. 

Condensation  products  are  also  formed  by  Uie  action  of 
aldehyde  on  phenol  and  pyrogallol  in  presence  of  hydrochloric  or 
sulphuric  acid  (Baeyer,  Deui,  chem.  Ges.  Ber.,  vii.  1190). 

(1637)  PABATHiOETHALDEHTDE.^-On  passing  sulphuretted  hydrogen  into  an 
aqueous  solution  of  ethaldehyde,  the  liquid  becomes  turbid,  and  when  saturated 
deposits  a  viscid  oil  of  most  unpleasant  odour.  Weidenbusch  regarded  this  as  a 
compound  of  thioethaldehjde  and  sulphuretted  hydrogen,  but  Pinner  came  to  the 
conclusion  that  it  was  a  compound  of  ethaldehyde  and  thioethaldehyde  of  tlie 
formula  C,H^O.C,H^S  {Deui.  chem.Ge9.  Ber.,  iv.  257).  When  treated  with  addis 
it  solidifies  to  a  crystalline  mass  of  parathioethaldehyde,  C,H^,S, ;  it  has  recently 
been  stated  by  Klioger  (ibid.,  ix.  1893)  that  the  amount  of  parathioaldehyde  thus 
obtained  is  nearly  equal  to  the  amount  of  oil  acted  upon,  and  he  thertfore  eaa- 
cludes  that  the  oil  is  really  thioethaldehyde,  mixed  perhaps  with  a  small  quantity 
of  the  compound  CH^.CH(OH).SH,  which  doubtless  is  the  first  product  of  the 
action  of  sulphuretted  hydrogen  on  ethaldehydrol  (comp.  p.  7 1 9). 

If  sulphuretted  hydrogen  is  passed  into  an  acid  solution  of  ethaldehyde,  the 
solid  parathioaldehyde  at  once  separates.  It  crystallizes  in  brilliant  white  glistening 
needles,  soluble  in  alcohol  and  etheir ;  it  begins  to  sublime  at  45°  (113^  P-)t  *d<1 
may  be  volatilized  unchanged,  its  vapour  density  corresponding  with  the  formula 
C^H^jS,  (Hofmann,  ibid,,  iii.  588).  It  forms  a  crystalline  compound  with 
argentic  nitrate,  0,Hj,S,.2AgN0,,  which  is  obtained  on  adding  argentic  nitrate 
to  its  solution  in  alcohol.  When  parathioethaldehyde  is  warmed  on  the  water  bath 
with  acetic  or  benioio  chloride,  a  violent  reaction  takes  place,  and  it  is  converted 
into  a  body  of  th^  same  empirical  composition,  but  which  crystallizes  (rom  acetic 
acid  in  long  glistening  needles,  melting  at  125°  (^57°  ^0*  <^^  boiling  at 
14 j** — 150°  (293° — 302®  F.)  almost  without  change.  This  modification  of 
thioethaldehyde  lorms  two  crystalline  compounds  with  argeotio  nitrate  of  tha 
empirical  composition  C,H^jS,.AgNO,,  and  CjHjjS,.3AgN0,  (Elinger,  lac,  ct<.). 

(1638)  Haloid  Dbbivativbs  of  Ethaldbhydb — Chlobethaldbhydb. — 
According  to  Glinsky,  when  gaseous  monochlorethylene,  C,H,C1,  is  passed  into 
a  well-cooled  aqueous  solution  of  hypochlorous  acid  in  which  mercuric  oxide  is 
suspended,  it  is  readily  absorbed,  much  heat  being  developed ;  if  the  solution  be 
preserved  in  a  stoppered  flask,  a  crystalline  crust  forms  at  the  bottom  of  the 
vessel,  consisting  of  a  compound  of  chloraldehyde  with  merourous  chloride^ 
CjH^ClO.Hg^Cl,.  If,  however,  the  liquid  be  distilled,  a  distillate  containing  the 
hydrate  of  monochloraldehyde  is  obtained.  This  hydrate  is  said  to  ciystallize 
from  ether  in  flat  plates  of  the  composition  2C,H,C10.0H,,  which  melt  at  about 
75^  (167°  F.).  It  reduces  an  ammoniacal  solution  of  a  silver  salt,  and  oxidizea 
on  exposure  to  the  air,  forming  chloracetic  acid.  Sulphuric  acid  converts  it  into 
a  thick  brownish-yellow  oil.  It  unites  with  hydric  sodic  sulphite,  forming  the 
compound  (C,H,C10.HNaS0,),.0H,,  which  separates  from  boiling  alcohol  aa  a 
bulky  white  crystalline  powder.  On  boiling  its  solution  with  potassic  iodide, 
iodaldehyde  is  produced.  On  treatment  with  potassic  cyanide  it  forms  an  oil 
which  is  converted  by  the  action  of  hydrochloric  acid  into  dilorolactic  acid  (ZeiU. 
Chtfm,  [2].  iii.  676;  iv.  617  ;  vi.  513,  647). 

These  statements  with  regard  to  chloraldehyde  require  ttviaion^    iBrobably 
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the  so-called  hydrate  is  a  body  of  the  composition  (CH,C1.CH.0H),0,  formed 

.  by  the  action  of  water  on  the  compound  CH^CLCHCl.OH,  which  is  perhaps  the 

first  product  of  the  action  of  hypochloroos  acid  on  monochlorethylene,  thus : 

CHalzCHCl   +   CiOH   -   CH,Cl.CHC1.0H  5 

aCHjCLCHCLOH  +  OH,  =    (CH,acaOH),0   -f    2Ha. 

<%loraldehyde  would  doabUesa  be  obtained  on  treating  monoohloraoetal,  which 

according  to  Bischoff  may  be  produced  by  the  action  of  chlorine  on  acetal  {Dent, 

ckem.  (Tm,  3er.,  yiL  630),  with  salphnrio  ackL     According  to  Jacobsen  and 

Abeljanz,  monoohloraldehyde  is  a  product  of  the  action  of  sulphuric  acid  and  of 

water  on  diohlorether  (p.  672),  but  it  has  not  been  isoUted    Hepp  {Deut,  ckom. 

Get,  Ber,,  til  1409)  has  obtained  a  number  of  chlorinated  hydrocarbonas  by 

the  action  of  this  aldehyde — i.e.,  of  the  solution  of  dichloK^ther  in  sulphnrk  acid, 

on  benxene  and  its  homolognes. 

DiCHLosETHALDBHYDB :  CHC1,.C0H,  is  obtained  by  distilling  a  mixture  of 
diohloraoetal  (p.  681)  with  4 — 6  yols.  of  sulphuric  acid  from  an  oil  bath  at  about 
130"*  (266®  F.).  It  is  a  colourless  mobile  liquid,  boiling  at  88**— 90"* 
( 1 90^*4 — 1 94*^  F.).  Diohlorethaldehyde  is  readily  converted  into  diohloracetic  acid 
by  oxidation  with  nitric  acid,  but  little  alteration  takes  place  on  psssing  its 
vapour  mixed  with  air  over  heated  spongy  pbtinum.  When  poured  into  water 
it  first  sinks  to  the  bottom  and  then  dissolves,  forming  the  aldehydrol  (p.  514) 
(Paterno),  which  is  also  one  of  the  products  of  the  action  of  chlorine  on  a  solu- 
tion of  ethaldehyde  in  water  or  hydrochloric  acid  (Wurtz).  When  left  to  itself,  it 
changes  into  a  white,  amorphous,  insoluble  polymeride,  which  may  be  depoly* 
merized  by  heating  at  120°  (248^  F«).  This  polymeride  alone  is  formed  when 
dichlorethaldehyde  is  mixed  with  a  small  quantity  of  hydrochloric  acid,  but  if 
diohlorethaldehyde  be  left  in  contact  with  sulphuric  acid,  it  is  converted  into  a 
crystalline  polymeride  easily  soluble  in  hot  alcohol,  but  almost  insoluble  in  water. 
It  melts  at  130''  (266°  F.);  if  heated  in  a  closed  tube  at  245**— 250° 
(473° — 482®  F.),  it  is  readily  reconverted  into  the  liquid  modification,  this 
change  taking  place  at  120° — 130^  (248** — 266^  F.)  in  presence  of  concentrated 
sulphuric  acid  (Jacobsen,  DeuL  ckem,  Ges,  Ber,,  viii.  87). 

Tbichlobbthaldbhydx  or  Chloral :  CCl^COH. — This  compound  is  most 
readily  obtained  by  agitating  the  mixture  of  tricUethaldehydrol,  CC1,.CH(0H),, 
and  of  its  monethylin,  CCl,.CH(OH).OC,H^,  formed  on  saturating  anhydrous 
alcohol  with  chlorine  gas  (comp.  p.  429),  with  about  four  times  its  volume  of 
sulphuric  acid,  and  then  rectifying  the  oily  layer  which  separates.  It  may  be 
prepared  in  a  similar  manner  by  healing  trichloracetal  (p.  681)  with  sulphiiric 
acid  at  150°  (302°  F.).  AU  substances  which  furnish  ethaldehyde  on  oxidatbn 
fumbh  trichlorethaldehydrol  on  distillation  with  hydrochloric  acid  and  manganic 
peroxide ;  hence  chloral  may  be  obtained  from  bodies  such  as  sugar  and  starch* 

Chloral  is  a  colourless  mobile  liquid,  of  peculiar  pungent  odour  >  its  vapour 
exercises  a  very  irritating  action  on  the  eyes,  and  the  liquid  acta  strongly  on  the 
skin.  It  boils  at  94''-5  (ao2'*'i  F.),  and  at  18''  (64''-4  F.)  has  the  sp.  gr. 
1*502.  It  readily  undergoes  conversion  into  a  white  amoqihous  polymeride 
(metaeklaral),  which  distils  at  about  180''  (356  F.),  being  reconverted  into 
liquid  chloral ;  this  ehaugpe  apparently  requires  the  presence  of  a  ibveign  sub- 
stance, but  is  efiected  by  very  minute  quantities  of  the  polymerizing  agent  (comp* 
Grabowski,  Deut.  eAem,  Oea.  Ber,,  viii.  1437).  Metaohloral  is  insoluUe  in 
and  unaffected  by  water,  akokol,  and  etber. 

Chloral  is  reconverted  into  ethaldehyde  by  the  aotbn  of  the  nasoent  hydrogen 
furnished  by  a  mixture  of  oino  and  hydrochloric  acid.  It  does  not  absorb 
oxygen  on  exposure  to  the  air,  bat  is  converted  into  trichloracetic  acid, 
CClyOCX)H,  by  the  action  of  oxidizing  agents,  such  as  concentrated  nitric  aoid^ 
potasaio  permanganate,  &e.     It  readily  combiDes  with  water,  forming  «stallinet 
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trichlorethaldehydrol  or  cbloralhjdrate,  CC1,.CH(0H),  (p.  513),  mncli  heat 
being  developed  in  the  reaction.  In  a  similar  manner,  it  forms  compoondB  with 
ethjlic  alcohol  and  its  homologues  and  other  carbinols,  and  with  thioethylic 
alcohol  (comp.  1601),  glycol,  glycerol,  ethylic  lactate  and  tartrate,  and  indeed 
with  hydroxyl  compounds  generally  (Henry,  »6»rf.,  vii.  762).  It  also  unites  witii 
a«etic  chloride  and  acetic  anhydride,  forming  the  compounds  CC1^CHCI(C,H,0,) 
and  CC1,.CH(C,H,0,),  (Meyer  and  Dulk,  Ann.  Ckem.  Fharm.,  clxxi.  65). 
Alkalies  convert  it  into  trichloromethane  or  chloroform,  and  a  formate:  CCl^COlI 
+  EHO  t=  CCI^H  +  HCOOE.  When  distilled  with  phosphoric  pentachlonde  it 
yields  pentachlorethane,  CHCl^.CGl, ;  similarly,  the  chlorobromide  PCl,Br,  con- 
verts it  into  dibrofnotrioAlaretkane,  CCl,.CHBr,,  which  boils  at  about  200^ 
(392^  Fk)  with  partial  decomposition  (Patemo). 

When  chloral  is  digested  with  a  concentrated  aqueous  solution  of  hydrocyanic 
acid,  it  is  converted  into  the  hydrooyantde,  CC1,.CH(0H).CN,  which  on  digmtion 
with  moderately  concentrated  hydrochloric  acid  yields  trichlorolactic  acid, 
CC1..CH(0H).C00H  (Bischoffand  Pinner,  ^n».  Chem.  Fkarm,,  ckxix.  741). 
This  cyanide  is  probably  formed  from  the  aldehydrol  in  the  following  manner : 

CCl4.CH(0H),   4-   HON   =   CC1,.CH(0H).CN   +   OH,, 
for  it  is  hot  produced  when  chloral  and  hydrocyanic  acid  alone  are  digested  together. 
It  crystallizes  in  rhombic  prisms,  which  melt  at  about  61**  (i4i°'8  P.).     It 
combines  directly  with   cyanic  acid,  forming  a  crystalline  compound  of  the 
formula  Cfilfi^fi^  (Ceoh,  Deut  ckem,  €hs,  Ber.,  viii.  1174). 

Concentrated  sulphuric  acid  is  without  immediate  action  on  chloral,  but  after 
a  time  converts  it  into  metachloraL  If,  however,  chloral  (P  chloral-hydrate)  be 
mixed  with  fuming  sulphuric  acid,  the  mixture  solidifies  after  some  time  to  a  crys- 
talline mass  of  the  composition  C,H^Cl^,S,Ojj ;  whilst  if  the  vapour  of  sulphuric 
anhydride  be  passed  into  chloral  (P  chloral-hydrate),  a  body  of  the  oompoaition 
Cj^HgCljjSjOjj  is  obtained  (Grabowski,  Deut,  ckem,  Qes,  Ber,,  vi.  225,  1070). 
Both  are  decomposed  by  hot  water,  with  formation  of  sulphuric  acid  and  chloral- 
hydrute;  if  carefully  warmed  witii  alcohol,  however,  the  latter  dissolves  un- 
changed, crystallizing  out  on  cooling  in  needles  which  melt  at  70*  (158**  F.). 
Grabowski  has  also  described  two  other  compounds  of  a  nimilar  kind.  The  rela> 
tion  of  the  first  of  the  compounds  described  to  diloral-hydrate  may  be  represented 
by  the  following  formula ; 

€Cl,.CH(OH).0  )  g^ 

r^  ^,w^xxx  CCLCHt-— 0  i      * 

0C1,.CH(0H),  •        }0 

ca^cH-^ — 0^ 

CX)1,.CH(0H).0  /  ^« 
If  the  mixture  of  chloral  and  pyrosulphuric  acid  be  heated  lor  some  time,  so* 
called  ckloraUde,  C^H^Cl^O,,  is  obtained.  The  best  metiiod  of  preparing  this 
body  is  to  heat  a  mixture  of  t  part  fuming  sulphuric  acid  and  3  partin  chloral 
in  a  retort  with  reversed  condenser  until  the  temperature  of  the  mixture  reaches 
105''  (221*'  F.)  (Grabowski,  ibid.,  viii.  1433).  It  crystallizes  from  boiling 
alcohol  in  long  prisms,  possessing  a  faint  peculiar  odour,  which  melt  at  about 
115°  (239**  F.);  it  boib  at  268*  (5i4'*'4  F.),  or,  according  to  WaUach,  at 
272^  (521*^*6  F.),  without  undergoing  the  least  decomposition.  The  formation 
of  chloralide  affords  an  extremely  interesting  example  of  condensation.  WaUach 
found  (ihid,^  viii.  1578)  that  when  it  was  treated  with  zinc  and  hydrochloric 
acid  in  alcoholic  solution,  ethaldehyde  and  dichloracrylio  acid,  0,11,01,0,,  were 
produced ;  and  that  if  it  were  heated  iu  sealed  tubes  with  alcohol  it  was  converted 
into  chloral  alcoholate  and  ethylic  tricklorolactate,  Oa3.0H(OH).0000,Hp 
the  latter  compound  being  identical  with  the  ethylic  salt  of  the  tnojilorolac^c  add 
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obtained  from  chloral  as  described  on  p.  744.  He  was  thus  led  to  regard  it  as 
formed  from  trichloroUctic  acid  and  chloral  in  the  manner  represented  by  the 
following  equation,  and  succeeded  in  preparing  it  by  heating  a  mixture  of  tljiWe 
substances  at  150°— 160"*  (302*— 320°  F.)  {ibid.,  ix.  545) : 

CC1,.Ch|^J^2  +  CC1,.C0H  =  CC1,.Ch|2^JcH.CC1,  +  OH,. 

Trlchlorolaotic  add.  Chloral.  Chloralide. 

In  its  formation  from  chloral,  the  latter  is  probably  first  converted  into  chloro- 
lactide,  although  it  is  difficult  to  say  in  what  manner  the  change  takes  place,  and 
what  part  is  played  by  the  sulphuric  acid : 

cci,.coH  +  cci,.coH  =  cci,.ch|^^1  +  CHa,; 

and  the  ohlorolactide  thus  formed  then  enters  into  combination  with  a  molecule 
of  chloral : 

CC1,.CH  j^l    +  CC1,.C0H  -  CC1,.CH  I  ^^  I CH.CC1,. 

The  trichloromethane,  which  is  the  accessory  product,  is  decomposed  by  the 
sulphuric  acid  in  the  following  manner : 

CHCl,  +  H,S,Oy  =  CO  +  HCl  +  2S0,HCL 
Chloral  forms  crystalline  compounds  with  acid  sulphites.     When  cold  con- 
centrated solutions  of  chloral-h^'drate  and  of  potassic  sulphite  are  mixed,  the 
liquid  soon  solidifies  to  a  mass  of  glistening  crystalline  plates  of  the  compound 
CC1,.CH(0H).KS0,,  and  at  the  same  time  tricbloromethaue  is  produced : 

2CC1,.CH(0H),  +  K,SO,  =  CC1,.CH(0H).S0,K  +  H.COOK  +  CHCl,  +  OH,. 

If  the  solution  be  heated,  other  products  formed  by  the  displacement  of  the 
chlorine  in  the  compound  CC1,.CH(0H).S0,K  are  obtained — viz.,  a  difficultly 
soluble  salt  of  the  composition  CH(S0,K),.CH(0H).S0,K  +  0H„  and  a  very 
soluble  double  salt:  CC1(S0,K),.CH(0H).S03K  +  2CHC1(S0,K).CH(0H).S0,K 
+  7OH,.  The  former  salt  is  decomposed  when  boiled  with  potassic  carbonate 
solution,  its  behaviour  being  similar  to  that  of  chloral-hydrate  itself: 

CH(SO,K),.CH(OH).SO,K  +  K,CO,  =  CH,(SO,K),  +  K,SO^  +  HCOOK  +  CO.. 

By  the  action  of  bromine,  or  of  hydrochloric  acid,  it  is  converted  into  potassic 
aldehydodisulphonate,  CH(SO,K),.COH,  which  readily  combines  with  the  acid 
sulphite  to  form  the  parent  salt ;  when  digested  with  bromine,  it  yields  the 
bromo-derivative,  CBr(SO,K),.COH,  which  on  mere  boiling  for  a  few  seconds 
with  potassic  sulphite  yields  the  original  salt,  CH(SO,K),.CH(OH).SO,E. 
Pungent>smelling  volatile  products  are  also  formed  on  heating  chloral-hydrate 
with  potassic  sulphite,  so  that  probably  a  portion  of  the  former  is  reduced  to 
mono-  or  dichlonJdehyde  hydrate  (Rathke,  Ann.  Ckem,  Pharm.y  clxi.  149). 

Chloral  forms  a  crystalline  compound  with  ammonia,  CC1,.CH(0H).NH, ; 
this  body  is  obtained  on  passing  ammonia  into  well  cooled  chloral,  much  heat 
bein|p  developed  in  the  reaction,  so  that  unless  very  small  quantities  are  operated 
upon,  secondary  products  are  also  formed ;  but  it  is  much  more  readily  produced 
by  passing  a  rapid  current  of  ammonia  gas  into  a  well  cooled  solution  of  chloral 
in  chloroform  until  the  whole  suddenly  solidifies  (B.  Schiff,  Deut,  chem.  Gres. 
Ber,,  X.  65).  On  treatment  with  concentrated  sulphuric  acid,  it  yields  chloral 
and  ammonio  sulphate;  and  on  distillation  is  split  up  into  formamide, 
HCO.NH,,  and  trichloromethane.  By  the  actidn  of  acetic  chloride  at  the  ordinary 
temperature,  it  is  converted  into  the  compound  CC1,.CII(0H)NH(C,H,0), 
which,  on  heating  with  acetic  chloride  at  120°  (248*^.),  yields  the  oompo>und 
CC1,.CH(C,H,0J.NH(C,H,0)  (B.  Schiff).     The  primary  amines  derived  from 
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the  paraffins  behave  like  ammonia,  combining  directly  with  chloral,  and  yielding 
oompoands  which  are  split  up  on  distillation  into  triehloromethane  and  a 
Ibrmamide.  Thn8,  with  ethylamine,  it  forms  a  white  crystalliiie  compound, 
CC1,.CH(0H).NH(C,H,),  which  on  distillation  yields  farmelhylamide, 
HCO.NH(C,H^  ;  similarly,  ethylenediamine  and  chloral  act  energetically  upon 
each  other,  forming  triehloromethane  and  difarmylethylenediamide : 

(C,HJH,N,  +  2CC1,.C0H  =  (HCO),N,H,(C,HJ  +  2CHCly 
the  compound  first  fbrmed  being  at  onoe  decomposed  (Hofmann,  Deui,  ekem. 
Gh9,  Ber,,  v.  247).     The  primary  amines  derived  from  the  hydrocarbons  of 
the  benzene  series  behave  somewhat  differently,  acting  on  chloral  as  on  ethalde- 
hyde.     Thos  with  aniline  it  enters  into  reaction  in  the  following  manner : 

CC1,.C0H  +  2NH,.C.H,  =  ca,.CH(NH.C.H,),  +  OH,. 
The  product  is  a  crystalline  substance,  which  is  very  readily  deoompoaed, 
aniline  hydrochloride  being  at  once  separated  on  passing  hydroehlorie 
acid  gas  into  its  solution  in  benzene.  It  does  not  appear  to  possess  basic 
properties.  Paratduidine,  NH,.C,H^.CH,,  like  aniline,  readily  enters  into  re- 
action with  chloral,  much  heat  being  developed,  and  forms  a  corresponding  com- 
pound, CC1,.CH(NH.C,H,.CH,),;  if  alcohol  be  added  immediately  to  the  pro- 
duct  of  the  reaction,  or  even  if  it  be  several  times  recrystallized  from  alcohol,  it 

{OC  H 
NH  C* H  (CH  ^  ^^^  "■ 
remarkable  for  the  facility  with  which  it  crystallizea.  This  body  is  always 
formed  when  a  mixture  of  alcoholic  solutions  of  chk)ral  and  paratolnidine  ia 
maintained  for  several  days  at  a  gentle  heat,  but  corresponding  compouDda 
could  not  be  obtained  with  methylic  alcohol,  or  aniline,  or  zylidine,  although 
the  last-mentioned  substance  is  acted  upon  by  chloral  in  the  same  manner  aa 
aniline  (Wallach,  Ann,  Chem,  PAorm.,  (isxiii.  274). 

Acid  amides  act  towards  chloral  like  ammonia,  combining  directly  with 
it;  with  acetamide,  NH,.CO(CH,),  for  example,  it  forms  the  compound 
CCi,.CH(OH).NH.CO(CH,),  which  is  also  obtained  as  above  sUted  on  treating 
the  compound  of  chloral  and  ammonia  with  acetic  chloride.  Benzamide  and 
urea  furnish  similar  compounds,  the  latter  combining  with  one  and  two  molecules 
of  chloral  forming  bodies  which  may  be  represented  by  the  Cbrmala : 

Ca..CH(OH).(NH.CO.NH,)  and  CO(NH),.(CCI,.CH.OH), 
( Jacobsen,  ibid.^  dvii.  245  ;  Wallaoh,  loe.  cit)*     In  presence  of  hydrochloric  or 
sulphuric  acid,  chloral  and  ethylio  carbonate  (urethane),  NH,.CO.OC,H^  combine 
to  form  CC1,.CH(0H).NH.C00C,H,  (Bisohoff). 

When  chloral  is  brought  into  contact  with  trimetiiylamine,  a  Tigorons  re- 
action takes  place,  and  a  brilliant  white  solid  substance  is  produced,  entirely  free 
from  nitrogen.  It  apparently  is  a  mixture  of  several  substances — probably  of 
polyroerides  of  chloral — ^as  it  is  only  partially  diascdved  on  treatment  with  vaiioos 
solvents  (Meyer  and  Dulk,  ibid,,  clxxi.  76). 

On  passing  the  vapour  of  cyanic  acid  into  chloral,  it  is  abMMrbed  withont 
much  heat  being  developed ;  the  saturated  solution  sometimes  solidifies  imine- 
diatriy,  but  at  other  times  only  on  standing,  gas  being  also  in  some  cases 
evolved,  forming  a  vitreous  mass,  which  on  boiling  with  modeiatsly  concentrated 
hydrochloric  acid  is  converted  into  a  granular  powder,  insoluble  in  water,  but 
M>]uble  in  alcohol  and  ether.  The  compound  thus  produced  haa  the  composition 
C^H^Cl^NO,,  being  formed  of  the  elements  of  a  molecule  of  cyanic  add  and  of 
two  molecules  of  chloral  (Bischoff,  Deut,  €kem,,Q€s.  Ber.,  v.  86). 

When  chloral  is  mixed  with  concentrated  sulphnrie  acid  and  benssBe,  it 
enteiB  into  reaction  with  the  latter,  forming  the  chlorinated  hydrocarbon 
0C1,.CH<C,H^,  =  CCl,  COH  +  2C,H,  -  OH,.     The  homologues  rf  benaene  and 
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other  hydrocarbon!)  in  which  the  carbon  atoms  are  nnited  in  a  closed  chain 
behave  with  chloral  in  a  precisely  similar  manner ;  a  namber  of  the  products  so 
obtained  have  already  been  described  under  hydrocarbons.  The  phenols  also 
famish  analogous  products,  thymol  yielding  the  compound  CCl,.CH(Cj^Hj,.OH), 
(Jaeger,  ibid.,  vii.  1x97). 

From  the  foregoing  description  of  trichlorethaldehyde,  it  will  be  evident  that 
it  manifests  a  close  resemblance  to  ethaldehyde  in  many  of  its  properties,  the 
chief  difference  being  that  it  far  more  readily  enters  into  combination  with  other 
substances,  and  that  it  manifests  a  tendency  to  unite  directly  with  substances 
which  act  upon  it  rather  than  to  form  condensation  products  by  the  separatioa 
of  its  oxygen  in  oombini|tion  with  hydrogen  of  the  reacting  body — a  class  oi 
reaction  which  is  especially  characteristio  of  ethaldehyde. 

Dibromethaldehyde :  CHBr^.COH. — This  compound  may  be  prepared  by 
distilling  the  product  of  the  action  of  two  mols.  bromine  on  a  solution  of  one 
mol.  ethaldehyde  in  twice  its  bulk  of  ethylio  acetate,  and  agitating  the  portion 
which  passes  over  between  120° — 150®  (248** — 303*  F.)  with  3 — 4  vols,  of 
concentrated  sulphuric  acid ;  the  oil  separated  from  the  acid  is  then  submitted 
to  firactional  distillation.  It  is  a  heavy  oily  liquid,  very  easily  soluble  in 
water  and  alcohol,  with  which  it  combines;  it  boils  at  about  142°  (287°'6  F.). 
When  kept,  it  undergoes  conversion  into  a  white  solid  insoluble  polymeride.  It 
is  readily  decomposed  by  alkalies,  but  does  not  furnish  dibromomethane. 

Tribromelhaldehyde  or  Bromal :  CBr^.COH,  may  be  prepared  in  a  similar 
manner,  or,  like  chloral,  from  the  product  of  the  action  of  an  excess  of  bromine 
on  anhydrous  alcohol.  It  is  a  colourless  heavy  oil,  of  peculiar  pungent  odour, 
boiling  at  173°  (343^*4  F.) ;  it  appears  to  behave  in  every  respect  like  trichlor- 
ethaldehyde. 

(1639)  Higher  Homolooues  ot  Etha.ldehyde. — In  their 
general  properties  the  higher  homologaes  appear  to  closely 
resemble  ethaldehyde ;  but  as  the  series  is  ascended  they  become 
less  and  less  soluble  in  water ;  and  the  same  is  true  of  most  of 
their  derivatives,  as  compared  with  those  of  ethaldehyde.  Most 
noteworthy^  however^  is  the  fact  that  the  tendency  to  combine 
with  other  bodies^  and  the  stability  of  the  restdting  compounds, 
diminishes  as  the  series  is  ascended. 

(1640)  Propaldshtdb  ;  Pboptokic  OB  Proptmo  Albxhtdb  ; 
C,H,0  =  CH,.CH,.COH.— This  aldehyde  has  been  prepared  by  the  oxidation  of 
propylic  alcohol,  and  by  distillation  of  a  mixture  of  calcic  propionate  and  calcic 
formate ;  it  is  produced  together  with  acetone  on  heating  /3-diohloropropane, 
CH,.CHCl.CH,a,  with  water  at  210**— 220°  (410^— 428*  F.),  although 
/3-di&romopropane  yields  only  acetone  when  thus  treated  (Linnemann,  Ann, 
Chem.  Pkarm,,  dxi.  64). 

In  odour  and  i^pearance,  propaldehyde  closely  resembles  ethaldehyde,  but 
requires  five  times  its  volume  of  water  at  20^^  (68°  F.)  to  dissolve  it ;  according 
to  Linnemann  (loc.  eU.,  p.  22)  its  corrected  boiling  point  is  48'''8  (119^*8  F.), 
but  according  to  Rossi  {ibid,,  clix.  79)  it  boils  at  49** "5  (I2i''-i  F.)  under  the 
pressure  of  740  mm.  of  mercury;  it  has  the  sp.  gr.  '8074  at  21°  (<$9^'S  P-)* 
Propaldehyde  readily  oxidizes  on  exposure  to  the  air ;  it  dissolves  in  a  con- 
centrated solution  of  sodio  hydric  sulphite  with  eonsiderable  development  of 
heat,  the  resulting  compound  remaining  in  solution :  it  is  very  readily  altered 
by  potassic  hydrate. 

(1641)  Tetbaldbhtdbs  :  C,H^COH— ^oriMt/   Tstraldekyde  ;  BtOwri^ 

Digitized  by  VjOOQIC 


748  ALDEHYDES.  [164a. 

or  Buiylic  Aldehyde:  CH,.CH,.CH,.COH.— Thia  aldehyde  has  been  obtained 
by  didtillation  of  a  mixture  of  calcic  batyrate  and  calcic  formate,  but  ban  not 
yet  been  prepared  in  a  pure  state.  It  posBesses  the  peculiar  penetrating  odour 
which  characterizes  its  lower  homologues,  and  boils  at  about  75^(167*'^.); 
it  requires  about  27  parts  of  water  to  dissolve  it  (Lieben  and  Bussi,  ibid., 
dviii.  148). 

(1642)  Tetraldol;  OxyhuiyHcAldehydewAldol:*GR^,(m{OE).GR/^B^ 
— The  formation  of  this  compound  from  ethaldehyde  has  already  been  discussed 
(pp.  717 — 719).  To  prepare  it,  owe  part  of  ethaldehyde  is  mixed  with  one  part  of 
water  and  two  parts  of  hydrochloric  acid,  and  the  mixture  is  left  to  itself  for 
several  days  at  a  temperature  of  15°— 20°  (59° — 68°  F.).  As  soon  as  it  has 
acquired  a  tawny  colour,  and  smells  but  slightly  of  ethaldehyde,  it  is  neutralized 
with  solid  sodic  carbonate,  and  agitated  several  times  with  ether ;  the  ether  is 
then  distilled  off  from  the  extract,  and  the  residue  distilled  under  reduced 
pressure.  At  first  ether  and  water  pass  over,  and  afterwards,  between  90**  and 
105°  (194** — 221®  F.),  under  a  pressure  of  20  mm.,  the  tetraldol  distils  over 
as  a  colourless  limpid  liquid.  It  is  miscible  with  water  and  alcohol  in  all  pro- 
portions; when  heated  above  100^  (212°  F.)  under  the  ordinary  pressure,  it 
begins  to  decompose  at  about  135**  (275**  F.)  into  water  and  crotonic  aldehyde, 
C^HgO,  =  Cfifi  +  OH,.  It  is  a  powerful  reducing  agent,  precipitating  cuprous 
oxide  from  an  alkaline  solution  of  a  cuprio  salt,  and  metallic  silver  from  an 
ammoniacal  solution  of  argentic  nitrate ;  it  is  violently  oxidized  by  nitric  and 
chromic  acids,  and  on  treatment  with  argentic  hydrate  is  converted  mto  the 
silver  salt  of  the  so-called  /3-oxybutyric  acid,  CH,.CH(qH).CH,.COOH.  When 
submitted  to  the  action  of  nascent  hydrogen,  it  yields  the  glycol 
CH,.CH(OH).CH,.CH,.OH.  It  combines  with  ammonia,  forming  a  compound 
which,  on  decomposition  by  heat,  yields  ooUidine  or  an  isomeric  body  and  other 
basic  products. 

Tetraldol  rapidly  undergoes  polymerization.  Although  perfectly  limpid 
when  freshly  distilled,  it  soon  becomes  viscid,  the  change  being  attended  with 
development  of  heat,  and  if  allowed  to  stand  for  some  weeks,  crystals  separate. 
This  crystalline  polymeride  is  also  easily  soluble  in  water  and  alcohol ;  it  begins 
to  soften  at  80®  (176"  F.),  and  distils  in  vacuo  between  90**  and  100®  (194* — 
212^  F.),  being  reconverted  into  the  liquid  modification. 

If  the  liquid  obtained  by  heating  ethaldehyde  with  water  and  hydrochloric 
acid  as  above  described  be  allowed  to  stand  until  it  acquires  a  brown  tint  and 
opaline  appearance,  and  be  then  neutralized  and  treated  with  ether,  &o.,  a 
crystalline  product  is  obtained  which  is  apparently  formed  from  tetraldol  in 
precisely  the  same  manner  that  orotonie  aldehyde  is  formed  from  ethaldehyde : 

2CH,.C0H  =  CH,.CHr:CH.COH  +  OH,. 

Ethaldehyde.        Crotonio  sldehyde. 
2CH3.CH(0H).CH,.C0H   =    CH,.CH(OH).CH,.CHz:CH.CH(OH).CH,.COH 

+  0H,. 

The  "  aldol"  thus  produced  is  soluble  in  boiling  water,  but  crystallizes  out  in 
great  part  on  cooling  in  brilliant  scales;  it  melts  at  139^  (282^*2  F.),  and 
distils  at  139**  (278^*6  F.)  under  a  pressure  of  20  mm.  of  mercury.  By 
digestion  with  argentic  hydrate  it  is  converted  into  the  corresponding  monobasic 
acid,  C.H^,0,. 

Tetraldol  also  loses  water  when  heated  for  several  hours  at  60^  (140*^  F.)  in 

*  The  term  aldol,  although  originally  assigned  by  Wurtz  to  the  oompound 
under  discussion,  is  most  conveniently  employed  as  a  generic  term  to  denote  the 
hydroxyl  derivatives  of  aldehydes,  as  these  bodies  exhibit  properties  which  are 
in  part  characteristic  of  aldehydes,  and  in  part  of  alcohols.         ^^  f 
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a  current  of  dry  air ;  it  then  thiokens,  and  solidifies  on  cooling  to  a  colourless, 
transparent,  yiscid  mass,  insoluble  in  water (Wurtz,  ChwpU  Mend.fXsxLV.  136 1; 
Ixxvi.  1 165). 

(1643)  TrickloToUtraUekyde  or  Trichlorobut^c  Aldehyde :  C3H^C1,.C0H. 
— The  production  of  this  compound  from  ethaldehyde  by  the  action  of  chlorine  has 
also  already  been  alluded  to,  and  the  manner  in  which  it  is  probably  formed 
explained  (p.  734).  The  aldehyde  must  be  well  cooled  by  a  mixture  of  ice  and 
salt,  and  the  chlorine  at  first  passed  ?ery  slowly  into  it ;  when  the  gas  ceases  to 
be  absorbed  to  any  extent  in  the  cold,  the  liquid  is  slowly  heated  on  the  water 
bath,  but  the  action  is  almost  complete  in  the  cold.  A  small  quantity  of  water 
is  then  added,  and  sufficient  precipitated  calcic  carbonate  nearly  to  neutralize  the 
hydrochloric  acid ;  a  current  of  steam  is  subsequently  passed  through  the  liquid  heated 
to  about  110°  (230**  F.)  in  an  oil  bath..  Crystalline  trichlorotetraldehydrol 
or  trichlorohutaldehydrol  (p.  516),  C,H^Cl,.CH(OH)j,  then  passes  over,  and 
may  be  purified  by  recrystallization  from  hot  water ;  by  distilling  it  in  a  current 
of  hydrochloric  acid  gas,  it  is  resolved  into  water  and  triehlarotetraldehyde  or 
trichlorobutyric  aldehyde*  C,H^Cl,.COH. 

Trichlorotetraldehyde  is  a  colourless  oil  of  peculiar  odour,  which  boils  at 
164°  (327^*2  F.).  It  combines  more  readily  with  alcohol  to  form*  the 
monethylin,  C,H^Cl,.CH(OH).OC,H^,  than  with  water  to  form  the  aldehydrol, 
C,H^C1^.CH(0H),,  alcohol  decomposing  the  latter  and  converting  it  into  the 
former.  It  also  combines  with  other  substances,  entering  into  reaction  with 
various  bodies  in  the  same  way  as  trichlorethaldehyde,  although  less  readily;  more- 
over the  resulting  compounds  do  not  crystallize  with  the  same  facility,  and  are 
less  stable  than  those  derived  from  trichlorethaldehyde.  On  oxidation  with  nitric 
acid,  it  yields  trichlorobutyric  acid,  C,H^C1,.C00U,  which  is  also  obtained  on 
passing  chlorine  into  an  aqueous  solution  of  the  aldehydrol ;  this  acid  is  readily 
converted  by  the  action  of  reducing  agents  into  monochlorocrotonic  acid, 
C^H^Cl.COOH,  in  which,  however,  the  chlorine  is  only  with  difficulty  displaced 
by  hydrogen  (Kramer  and  Pinner,  Ann.  Chem,  Pharm.,  dviii.  37 ;  Pinner, 
iind,,  clxxix,  21 ;  Samow,  ihid,,  clxiv.  93;  GarzarolU-Thurulak,  ibid.y  clzxxii. 
81 ;  Bischoff,  Deut  chem.  Gee.  Ber.,  vii.  632  ;  Hepp,  ibid.,  vii.  1420). 

The  constitution  of  trichlorotetraldehyde  has  not  yet  been  ascertained  ;  from 
the  manner  in  which  it  is  formed,  however,  and  the  difficulty  of  displacing  the 
third  atom  of  chlorine,  it  may  be  inferred  that  the  chlorine  atoms  are  not 
all  associated  with  the  same  carbon  atom ;  the  most  probable  formula  being 
either  CH,.CHCI.CC1,.C0H  or  CH,.CC1,.CHC1.C0H. 

(1644)  Isotetraldehyde;  Isohwtyric or  Isolwtylic Aldehyde:  CH(CHj)j.COH, 
may  be  obtained  by  distillation  of  a  mixture  of  calcic  isobntyrate  and  calcic 
formate,  and  by  oxidation  of  isobutylic  alcohol ;  in  the  latter  case  the  product  is 
contaminated  with  acetone  as  well  as  with  isobutyric  and  acetic  acids  and 
isobutylic  isobutyrate,  and  can  only  be  separated  from  the  acetone  with  difficulty 
(Kramer,  Deut  chem.  Oes.  Ber.,  vii.  252  ;  Schmidt,  ibid.,  136 1).  According  to 
Linnemann  and  Zotta  {Ann,  Chem.  Pharm.,  clxii.  35)>  it  is  also  formed  on 
heating  the  dibromotetrane  from  isobutylene,  CBr(CU,)2.CH,Br,  with  water  at 
150° — 160**  (302° — 320**  F.).  Isotetraldehyde  is  a  colourless  mobile  liquid  of 
pungent  odour,  soluble  in  9  vols,  of  water  at  20°  (68°  F.);  it  boils  at  61^ 
(i4i**-8  F.),  and  at  20*»  (68°  F.)  has  the  sp.  gr.  -803.  It  readily  forms  a 
crystalline  compound  with  hydric  sodic  sulphite ;  it  is  apparently  much  more 

*  The  compound  thus  obtained  was  long  regarded  aA  a  chlorinated  deriva- 
tive of  crotonic  aldehyde,  and  termed  croton  chloral,  but  Pinner  and  GarzarolH* 
Thurnlak*s  recent  experiments  (Deut.  chem.  Ges.  Ber.,  viii.  1561 ;  Ann.  Chem, 
Pharm,^  clxxxii.  181)  have  shown  that  this  is  not  the  case.  ^<^  1 
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stable  in  presence  of  potaavic  hydrate  than  the  aldehydew  previoaslj  described. 
Hydrochloric  and  Kulphuric  acids  convert  it  into  a  crystalline  polymeride,  which 
melU  at  60**  (140^  P.)  and  boils  at  194'*  (38i°-2  F.)  (Barb^lia,  DetU.  ckem, 
Ges.  Ber,,  v.  1052  ;  Markownikoff,  vi.  1176). 

(1645)  Pbntaldbhtdbs  :  Cfi^.COR.^Normal  primary  Pentaldekyde : 
CH,.CH,.CH,.CH,.COH,  obtained  by  distillation  of  a  mixture  of  normal  calcic 
pentylate  (valerate)  and  calcic  formate,  boils  at  about  102°  (21  ^^'6  F.);  it 
requires  more  than  30  tiroes  its  volume  of  water  to  dissolve  it,  and  readily  famishes 
a  crystalline  compound  with  hydric  sodic  sulphite  (Lieben  and  Rossi,  Ann.  Chem. 
Pkarm.,  clix.  70). 

Isopentaldehyde  :  Isovaleric  or  Isoam^lic  Aldehyde ;  Valeral. — ^Noneofthe 
isopentaldehydes  have  been  prepared  in  a  pure  state,  but  a  mixture  of  isoprop- 

aeetaldehyde,  CH(CH,),.CH,.COH,  and  methetharetaldehyde,  ^^  I  CH.COH 

— the  so-called  valeral — is  formed  on  oxidizing  the  mixture  of  alcohols  which 
constitute  ordinary  fermentation  amy  lie  alcohol,  the  alcohol  being  gradually 
added  to  a  mixture  of  potassic  dichromat«,  sulphuric  acid  and  water,  maintained 
at  such  a  temperature  that  the  products  of  oxidation  at  once  distil  over  (comp. 
Kramer,  Deut.  chem.  Ges.  Ber.,  vii.  254).  To  isolate  the  aldehydes,  the 
product  is  neutralized  with  a  solution  of  an  alkali,  and  the  remaining  oil  well 
shaken  for  some  time  with  a  concentrated  solution  of  sodic  hydric  sulphite;  the 
crystals  which  separate  are  then  pressed  between  linen,  washed  with  a  little  ether, 
dried,  and  then  decomposed  by  distillation  with  a  concentrated  solution  of  sodic 
carbonate. 

When  purified  by  rectification,  the  mixture  of  aldehydes  thus  obtained  boils 
at  about  92°  ( 197^*6  F.) ;  it  possesses  a  pungent  odour,  somewhat  like  that  of 
apples,  and  excites  coughing  when  inhaled.  A  number  of  derivatives  have  been 
prepared  from  this  mixture  of  aldehydes.  It  is  not  acted  upon  by  sulphuretted 
hydrogen  alone,  but  when  this  gas  is  passed  into  its  aqueous  solution  crystals  of 
the  corresponding  tUioaldehyde  are  obtained.  This  compound  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether,  separating  from  the  latter  in  white 
asbestos-like  crystals,  which  melt  at  69^  (i56°*2  F.) ;  it  may  be  volatilized 
unchanged  in  vacuo,  its  vapour  density  corresponding  with  the  formula  C,H,S. 
A  corresponding  selentetraldehyde  may  be  obtained  by  the  action  of  seleniuretted 
hydrogen  (Schroeder,  DeuL  chem,  Oes,  Ber.,  iv.  402). 

When  valeral  is  shaken  with  ammonia  solution,  the  liquid  soon  solidifies  to 
a  mass  of  crystels  of  the  composition  C^Hy.CH(0H).NH,  +  70H,,  insoluble 
in  water,  but  soluble  in  alcohol  and  ether ;  when  fused  they  decompose  into 
water  and  the  anhydrous  compound  C^Hy.CH(OH).NH,  (H.  Strecker). 

The  anhydrous  compound  of  valeral  with  ammonia,  like  that  of  ethaldehyde, 
may  be  volatilized  unchanged  in  vacuo  (Schroeder) ;  it  also  resembles  that  of 
ethaldehyde  in  its  behaviour  with  hydrocyanic  acid,  sulphuretted  hydrogen  and 
carbonic  bisulphide,  and  when  heated  (comp.  Hiifner,  Joum,  pr.  Chem.  [2], 
i.  6;  Schroeder,  loc.  cit,;  Lubavin,  ibid,,  v.  iioi).  Valeral  also  appears  to 
enter  into  reaction  with  acid  amides,  to  form  compounds  analogous  to  those 
derived  from  ethaldehyde ;  thus,  on  the  addition  of  a  minute  quantity  of  hydro- 
chloric acid  to  a  solution  of  ethylic  carbamate,  NHj.COOCjH^,  in  valeral,  the 
liquid  becomes  warm,  and  soon  solidifies  to  a  mass  of  crystals  of  the  compound 
C^H,.CH(NH.COOC,H,),  (Bischoff,  JDetU,  chem.  Oes.  Ber.,  vii.  633). 

It  is  partially  converted  into  a  crystalline  polyraeride  when  allowed  to 
remain  for  some  time  in  contact  with  potassic  carbonate  (Bruylants,  ibid,,  viii. 
414).  Polymerides  and  condensation  products,  amongst  others  the  aldehyde 
Cj^HijO,  which  bears  to  it  the  same  relation  that  crotonio  aldehyde  bears  to 
ethaldehyde,  are  also  obtained  on  heating  it  alone  or  with  sodium  (Borodin), 
zinc  (Riban),  or  lime  (Fittig);  and  a  hexchlorinated  derivative  ofHhe  aldehyde 
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C^^H^fi  IB  prodaeed  on  saturatiDg  valeral  with  chlorine,  a  monochlorvaleral 
being  formed  when  the  action  of  chlorine  is  carried  on  for  a  short  time  only 
(Schroeder,  loc,  cit,).  The  aldehyde  C^^H^^O  is  also  formed  by  the  action  of 
zincic  ethide  (Ricth  and  Beilsteiu),  and  of  solid  potassic  hydrate  at  o^  (32^  F.), 
on  valeral  (Borodin). 

(1646)  Hbxaldbhtdbs  :  CjHjj.COH. — Normal  primary  Hexaldehyde : 
CH,.CH,.CH,.CH,.CH,.COH,  obtained  by  the  distillation  of  a  mixture  of  calcic 
normal  hexylate  (caproate)  and  calcic  formate,  is  a  colourless  liquid,  possessing  the 
characteristic  aldehyde  odour,  which  boils  at  I2  7°'9  (262^*2  F.)  under  a  pres- 
sure of  737*6  mm.  of  mercury,  and  at  0°  (32*^  F.)  has  the  sp.  gr.  '8498.  It 
ozidixes  with  remarkable  facility  on  exposure  to  the  air  (Lieben  and  Janeck»  Ann. 
Ckem.  Pkarm,,  clxxxvii.  130). 

According  to  Pinner  {Deut.  ckem.  Ges.  Ber.,  x.  1052),  a  trichlorinated 
hexylio  aldehyde  is  formed  in  small  quantity  in  the  preparation  of  trichloro- 
butyric  aldehyde  by  the  action  of  chlorine  on  eth aldehyde. 

By  distillation  of  the  calcic  salt  of  the  caproic  acid  from  optically  inactive 
amy  lie  alcohol  with  calcic  formate,  Boss!  obtained  an  aldehyde  boiling  at  121^ 
(249^*8  F.),  which  doubtless  consisted  chiefly,  if  not  entirely,  of  the  iaoprimary 
hexaldehyde  (CH,),CH  .CII,.CH5,C0H. 

(1647)  NoBMAL  Hbptaldbhydb;  OenautKol :  CH,.(CHJj.COH.— -This 
aldehyde  is  formed  on  oxidation  of  normal  heptylic  alcohol,  and  is  the 
chief  product  of  the  dry  distillation  of  castor  oil :  to  prepare  it,  the  oil  is 
distilleid  as  rapidly  as  possible,  and  the  crude  distillate  is  shaken  with 
ft  concentrated  solution  of  hydric  sodic  sulphite ;  the  crystals  which 
separate  are  purified  by  washings  and  pressing,  and  then  decomposed  by  dis- 
tillation with  sodio  carbonate  solution,  the  distillation  being  best  performed  in 
a  current  of  steam.  It  is  a  colourless  oily  liquid,  of  peculiar  unpleasant  smell, 
which  boils  at  154®  (309**- 2  F.).  Heptaldehyde  appears  closely  to  resemble 
ethaldehyde  in  its  behaviour  with  ammonia,  and  with  amines  and  acid  amides 
(comp.  Schifi;  Ann.  Ckem.  Pharm.j  Sup.,  iii.  351 ;  vi.  24;  Medicus,  ibid., 
clviL  44).  By  its  action  on  urea  under  various  conditions,  BchiS{ibtd.,  clL  186) 
has  obtained  a  series  of  bodies  formed  by  the  separation  of  the  oxygen  of  the 
aldehyde  in  combination  with  hydrogen  from  the  urea:  the  diureide, 
C,H^/NH.CO.NHj),,  being   produced  on  mixing   alcoholic   solutions   of  the 

two  substances,  and  the  triureide  CO  <  j^™  n  H  (NH  CO  NH  i  ^"  tnturatmg 
dry  urea  with  heptaldehyde  ;  still  more  complex  bodies  are  readily  formed  on 
digesting  these  two  compounds  with  the  aldehyde.  The  di-  and  triureide  are 
crystalline,  but  the  more  complex  bodies  are  amorphous ;  they  are  destitute  of 
basic  properties,  and  also  have  lost  the  power  possessed  by  urea  of  combining 
with  metallic  oxides ;  they  are  readily  decomposed  by  dilute  acids,  the  aldehyde 
and  urea  being  regenerated. 

(1648)  Hexdecaldbhydb;  Cetylic ot  Palmitic  Aldehyde:  Cj^H^^.COH. — 
According  to  Fridau  and  Dollfns  [Ann.  Chem.  Pharm.,  cxxxi.  287),  this  aldehyde 
is  formed  by  oxidation  of  cetylic  alcohol,  and  is  a  crystalline  substance  melting  a£ 
about  50^  (122°  F.),  almost  insoluble  in  cold  alcohol;  it  does  not  appear  to 
combine  with  ammonia  or  acid  sulphites,  and  has  but  very  feeble  reducing  powers. 
If,  however,  the  so-called  cetylic  alcohol  is  a  mixture  of  homologous  alcohols,  as 
Heintz  supposes,  the  aldehyde  thus  obtained  is  doubtless  also  a  mixture. 

§  II.  Aldehydes  of  the  C^Hgn.i.COH  Series. 
The  only  aldehydes  of  this  series  which  have  been  investigated 
are  acrylic  aldehyde  or  acrolein,  CjH^O,  and  crotonic  aldehyde, 
C^HgO ;  it  has  been  shown^  however^  that  their  homologues  may 
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be  obtained  from  the  aldehydes  of  the  acetic  series  in  the  same 
manner  that  the  latter  is  formed  from  ethaldehyde. 

(1649)    ACRALDEHYDE     OR     ACRYLIC      AlDEHYDE  ;       ACTOlein  : 

C2H8.COH=CH^CH.COH.— This  aldehyde  appears  to  be  the 
first  product  of  the  oxidation  of  the  corresponding  alcohol^  allylic 
alcohol  (comp.  p.  466)^  but  on  account  of  the  readiness  with 
which  it  undergoes  further  oxidation^  it  cannot  be  prepared  in 
this  way.  It  is  a  constant  product  of  the  destructive  distillation 
of  all  fats  containing  glyceric  salts  (glycerides)^  and  is  obtained 
in  considerable  quantity  on  distilling  glycerol  (glycerin)  with 
bodies  such  as  phosphoric  anhydride  or  hydric  potassic  sulphate. 
The  best  method  of  preparing  it  is  to  distil  a  mixture  of  one  part 
of  dehydrated  glycerol  and  two  parts  hydric  potassic  sulphate, 
collecting  the  distillate  in  a  receiver  containing  a  considerable 
quantity  of  calcic  chloride  and  a  little  plumbic  oxide,  which  is 
well  cooled  by  a  mixture  of  ice  and  salt ;  the  distillate  is  then 
twice  rectified  from  calcic  chloride  on  the  water  bath  (Hiibner 
and  Geuther,  Ann.  Chem.  Pharm,,  cxiv.  35;  Aronstein,  iUd,, 
Sup.y  iii.  180).  When  the  mixture  is  heated,  the  sulphate  gradually 
dissolves,  and  chiefly  water  passes  over ;  after  a  time  the  liquid 
froths  considerably,  but  later  on  again  boils  tranquilly,  and  very 
little  water  is  produced,  the  distillate  consisting  chiefly  of  acrolein. 
It  would  appear,  therefore,  that  a  glyceric  potassic  sulphate  and 
water  are  first  formed,  and  that  the  aldehyde  is  the  product  of 
the  decomposition  of  the  salt  by  heat.  The  calcic  chloride  and 
plumbic  oxide  are  used  with  the  object  of  at  once  removing  the 
water  and  sulphurous  acid  from  the  distillate,  in  presence  of 
which  the  acrolein  rapidly  undergoes  change. 

Acraldehyde  is  a  mobile,  colourless  liquid,  which  exercises  an 
intensely  irritating  action  on  the  eyes  and  nose,  a  few  drops  difiused 
through  a  room  rendering  the  atmosphere  entirely  insupportable ; 
it  boils  at  52°'5  (i26°'5  F.).  It  is  lighter  than  water,  of  which 
about  40  parts  are  required  to  dissolve  it;  alcohol  and  ether 
dissolve  it  in  all  proportions.  Pure  acraldehyde  may  apparently 
be  preserved  unchanged,  at  least  for  a  considerable  period ;  but 
as  ordinarily  prepared  it  soon  chang<>s  spontaneously  into  a  white 
amorphous  solid  substance,  called  by  Redtenbacher  disacryly 
which  is  probably  a  polymeride,  and  more  rarely  into  a  resinous 
body,  the  so-called  disacryl  resin.  It  is  also  very  readily  resinized 
by  caustic  alkalies  (comp.  Clans,  ibid.,  Sup.,  ii.  120).  Most 
oxidizing  agents  decompose  it  completely,  but  when  it  is  care- 
fully acted  upon  by  argentic  oxide,  the  silver  salt  of  the  cor- 
responding acid,  acrylic  acid,  C^Hj.COOH,  is  produced.    Nascent 
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hydrogen  converts  it  into  ally  lie  alcohol  (Claus,  Deut.  chem.  Ges, 
Ber,,  iii.  404) ;  at  the  same  time  a  body  of  the  composition 
Cf^H^Q0^=2C^llfi+li^  is  produced  (Linnemann,  Ann.  Chem, 
Pharm.,  Sup,,  iii.  268),  which  is  probably  a  dihydric  alcohol 
bearing  the  same  relation  to  the  parent  aldehyde  that  the  buty- 
leuic  glycol  CH3.CH(OH).CH2.CH2(OH)  bears  to  ethaldehyde. 

If  hydrochloric  acid  gas  be  passed  into  well-cooled  acraldehyde,  it  is  rapidly 
absorbed,  the  liquid  becoming  viscid;  if  the  product  be  freed  from  the  excess 
of  acid  by  washing  with  cold  water,  and  then  exposed  over  sulphuric  acid,  it 
solidifies  to  a  white  crystalline  mass  of  the  composition  C^H^CIO  =  Cj,H^O  +  HCl. 
This  body  melts  at  32°  (89°*6  F.)  ;  it  is  insoluble  in  water,  but  readily  soluble  in 
alcohol  and  ether,  and  if  pure  may  be  heated  with  these  liquids,  and  even  with 
dilute  alkidieM,  without  undergoing  appreciable  alteration.  It  reduces  an  ammo- 
niacal  silver  solution  also  only  very  slowly.  When  distilled  alone,  it  is  resolved 
into  acraldehyde  and  hydrochloric  acid ;  concentrated  hydrooloric  acid,  and  dilute 
sulphuric  and  nitric  acids  also  decompose  it  with  formation  of  acraldehyde.  When 
it  is  gently  heated  with  about  an  equal  weight  of  potassic  hydrate,  an  oil  passes  over 
which  soon  solidifies  to  a  mass  of  crystals  of  a  polymeride  of  acraldehyde,  the  so-called 
metacrolein.  This  forms  long  needles  of  peculiar  aromatic  odour,  which  melt  at 
50°  (122°  F.);  it  is  only  very  slightly  soluble  in  hot  water,  but  easily  soluble  in 
alcohol.  When  distilled  alone,  it  is  in  great  part  reconverted  into  acraldehyde, 
which  is  also  formed  from  it  by  the  action  of  acids ;  it  combines  with  hydro- 
chloric acid,  forming  the  compound  above  described  (Geuther  and  Cartmell, 
ibid.,  cxii.  3).  From  the  reactions  of  the  compound  formed  by  the  action  of 
hydrochloric  acid  gas  on  acraldehyde,  it  appears  probable  that  it  is  in  reality  a 
compound  of  metacrolein  with  hydrochloric  acid,  and  that  the  first  action  of  the 
latter  is  to  polymerize  the  aldehyde — that  is  to  say,  that  it  is  a  polymeride  of  a 
chloropropaldehyde — probably  of  that  having  the  formula  CH^.CHCl.COH. 

Chlorine  and  bromine  readily  combine  directly  with  acralde- 
hyde, forming  dichloro-  and  dibromo-derivatives  of  propaldehyde ; 
the  dibromide  is  converted  into  a  dibromopropiouic  acid  on  . 
oxidation  with  nitric  acid,  identical  with  that  formed  on 
oxidizing  the  dibromopropylic  alcohol  obtained  by  combining 
allylic  alcohol  with  bromine  (Linnemann  and  Penl,  Deut.  chem. 
Ges.  Ber,,  viii.  1097  ;  ToUens,  ibid.,  1448). 

Acraldehyde  is  violently  acted  upon  by  phosphoric  penta- 
chloride ;  according  to  Geuther  {Jahresb.,  j  864,  333),  the 
product  is  a  mixture  of  the  two  dichloropropylenes 
CHg^CH.CHClg  and  CHgZlCCl.CIIgCl. 

It  unites  with  a  single  molecule  of  acetic  anhydride,  but 
with  two  molecules  of  acetic  chloride  (Aronstein,  Ann.  Chem. 
Pharm.,  Sup.,  iii.  193). 

Acraldehyde  combines  readily  with  sodic  hydric  sulphite, 
forming  the  sodic  salt  of  the  oxypropanedisul phonic  acid, 
CH3.CH(S03H).CH(OH).S03H;  this  latter  is  decomposed  by 
alkalies,  and  converted  into  propaldehydosulphonic  acid, 
CH,.CH(S03H).C0H,  which,  on   oxidation  with  argentic  oxidcj, 
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yields  sulphopropionic  acid,  CHg.CH(SOjjH)  COOH,  and  wben 
submitted  to  the  action  of  nascent  hydrogen  is  converted  into 
oxypropanesulphonic  acid,  CH3.CH(S03H).CH2(OH),  identical 
with  that  formed  by  combining  allylic  alcohol  with  acid  sulphites, 
and  by  the  action  of  sulphuric  anhydride  on  propylic  alcohol 
{Miiller,  Dtut,  chtm,  Ges.  Ber,,  vi.  3441). 

When  a  well-cooled  solution  of  acraldehyde  in  at  most  an  equal 
Tolume  of  absolute  alcohol  or  ether  is  saturated  with  ammonia, 
and  then  mixed  with  ether,  a  white  or  yellowish  amorphous 
precipitate  of  the  composition  CgHgN0  =  2CgH^0H-NHg— OHg 
is  obtained,  the  compound  corresponding  to  that  formed  by  the 
direct  union  of  ethaldehyde  and  ammonia  being  unknown. 
When  this  so-called  acrolein-ammonia  is  submitted  to  dry  dis- 
tillation, it  yields  picoline,  C^H^N,  and  other  basic  substances  of 
unknown  composition  (Baeyer,  Ann.  Chem.  Pharm.,  civ.  283). 

Aniline  acts  violently  on  acraldehyde,  forming  with  it  the 
compound  Ci8HigN2=2CgHp+  jNHj.CgHg-aOH^  (Schiff).  It 
is  also  readily  acted  upon  by  ammouic  thiohydrate,  and  converted 
into  acrothialdin,  which,  however,  does  not  precisely  correspond 
in  composition  to  thialdin  (p.  739)^  as  it  contains  the  elements  of 
3  mols.  acraldehyde,  i  mol.  ammonia,  and  i  mol.  sulphuretted 
hydrogen  (Schiff).  Cyanic  acid  converts  acraldehyde  into  the 
compound  C^H^NgOg,  isologous  with  trigenic  acid  (Melms,  DeiU. 
chem.  Ges,  Ber,,  iii.  759). 

(1650)  Cbotonaldebyde  or  croUmic  aldehyde:  CfHg.CHirCH.COH. 
=  C^H^O — This  aldehyde  is  bent  prepared  by  heating  ethaldehyde  zniied  with  a 
very  small  quantity  of  zincic  chloride  and  a  few  drops  of  water  in  closed  vessels 
such  as  soda-water  bottles  for  one  or  two  days  at  100**  (212°  F.).  The 
unchanged  ethaldehyde  is  distilled  off  on  the  water  bath,  and  a  current  of  steam 
then  pasised  through  the  residue,  which  carries  over  the  crotonaldehyde ;  the 
latter  partly  swims  as  an  oily  layer  on  the  surface  of  the  water  and  partly 
dissolves  in  the  water,  from  which  it  is  separated  by  distillation,  dried  over 
calcic  chloride  and  rectified. 

Crotonaldehyde  is  a  colourless  liquid,  moderately  soluble  in  water,  boiling  at 
104^-2-105°  (2i9°-2— 221**  F.);  at  first  it  appears  to  have  a  pleasant. fruity 
odour,  which,  however,  afterwards  becomes  very  pungent  and  similar  to  that  of 
acraldehyde.  It  absorbs  oxygen  on  exposure  to  the  air,  being  converted  into 
crotonic  acid,  CH,.CHzilCH.COOH,  the  silver  salt  of  which  is  formed  on 
warming  its  aqueous  solution  with  argentic  oxide ;  when  oxidized  by  chromic  or 
nitric  acid,  it  yields  chiefly  acetic  acid.  Phosphoric  pentachloride  converts  it 
into  dichlorobutylene,  CH3.CHlzCH.CHCl,.  Crotonaldehyde  combines  readily 
with  hydrochloric  acid  gas,  forming  chlorobutyric  aldehyde,  C^H  CIO,  which 
crystallizes  in  thick  white  needles,  insoluble  in  water,  melting  at  96®  (204°'8  F.)  ; 
on  boiling  it  with  sulphuric  acid,  crotonaldehyde  is  re-formed ;  on  oxidation  with 
chromic  acid  it  yields  a  considerable  quantity  of  acetic  acid,  but  no  chlorobutyric 
acid  is  produced  :  hence  it  appeai^s  probable  that,  like  the  corresponding  acralde- 
hyde  derivative,  it  may  be  formed  from  a  polymeride  of  the  parent  aldehyde 
(Kekuld,  Ann,  Chem,  Pharm ,  clxii.  96). 
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§  III.  Aldehydes  op  the  CnHgn-r-COH  Series. 

The  only  aldehydes  of  this  series  at  present  known  are  the 
following : 

Benzoic  aldehyde C.H^.COH. 

Paratoluio  or  paramethylbenzoio  aldehyde  CH,.C^H^.COH. 

a-Toluio  or  phenylacetio  aldehyde .     .     .  C,Hj.CH,.COH. 

Cumic  aldehyde C^Hy.CH^.COH. 

Sycocerylio  aldehyde      ...... 

(1651)  Benzoic  Aldehyde  or  Benzaldehyde;  Benzoyl  hydride; 
Bitter  almond  oil:  0,11^0=0^115.0011.— This  aldehyde,  which 
forms  the  principal  constituent  of  the  volatile  oil  of  bitter  almonds, 
obtained  by  distilling  bitter  almonds,  the  leaves  of  the  cherry-laurel, 
peach  and  cherry  kernels,  &c.,  with  water,  may  be  obtained  by 
various  reactions. — (i)  By  the  general  method  of  distilling  a 
mixture  of  calcic  benzoate  and  formate.  (2)  By  the  action  of 
oxidizing  agents,  not  only  on  benzylic  alcohol,  OgH5.0H^(OH), 
but  also  on  numerous  other  compounds,  as  stiibene,  hydro- 
benzoin,  mandelic  add,  albumin,  gelatin,  &c.  (3)  By  passing 
the  vapour  of  benzoic  chloride,  OgHg.OOCl,  mixed  with  hydrogen 
over  heated,  finely  divided  palladium.  (4)  By  the  action  of  zinc 
and  hydrochloric  acid  on  benzoic  cyanide,  OgHg.CO.ON.  (5)  By 
the  action  of  an  alcoholic  solution  of  potassic  hydrate  on  (0—2)  di- 
chlorotoluene:  0,H5.0H0l3  +  2KHO=C,H5.0OH  +  2KOI  +  OH2; 
and  also  by  heating  this  compound  with  water  or  metallic 
oxides ;  or  by  treating  it  with  concentrated  sulphnric  acid, 
0,H5.CHOl2  +  2H3SO,=  2H01  +  OgH5.0H(S04H)2,  and  distilling 
the  product  with  water.  (6)  By  heating  (0—1)  monochlorotoluene 
or  benzylic  chloride  with  dilute  nitric  acid,  or  better  with  plumbic 
nitrate  and  water;  much  benzoic  acid  is  formed  at  the  same 
time,  however. 

Benzoic  aldehyde  is  usually  prepared  from  bitter  almond  oil, 
which  besides  the  aldehyde  contains  hydrocyanic  acid,  &c.,  from 
which  it  may  be  purified  by  agitating  the  crude  oil  either  with 
calcic  hydrate,  water,  and  ferrous  chloride,  and  then  rectifying ; 
or  with  a  concentrated  solution  of  hydric  sodic  sulphite,  after 
removal  of  the  mother  liquors,  and  purifying  the  crystals  of  the 
compound  of  the  aldehyde  with  the  sulphite  which  separate,  by 
washing  them  with  cold  alcohol  and  recrystallising  them  from 
water;  finally  decomposing  them  by  distillation  with  sodic  carbonate 
and  water.  It  has  also  been  prepared  on  a  commercial  scale  by 
the  action  of  sulphuric  acid  on  0-2  dichlorotoluene. 

Pure  benzoic  aldehyde  is  a  colourless  liquid  of  high  rrfractive 
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power,  having  a  pleasant  aromatic  odour,  and  burning  taste,  of 
the  specific  gravity  1-063  at  0°  (^2^F,).  It  boils  at  180° 
(35^^*7  ^O'  I*  requires  30  parts  of  water  for  solution,  but  is 
miscible  in  all  proportions  with  alcohol  or  ether. 

Benzoic  aldehyde  is  a  much  more  stable  compound  than  the 
aldehydes  of  the  series  previously  considered.  It  does  not 
exhibit  the  least  tendency  to  polymerize,  nor  does  it  undergo 
condensation  in  presence  of  minute  quantities  of  foreign  bodies ; 
it  also  readily  furnishes  a  number  of  well-characterized  sub- 
stitution derivatives.  It  gradually  oxidizes  on  exposure  to 
moist  air,  but  does  not  reduce  silver  solutions ;  ordinary  oxi- 
dizing agents  converting  it  into  benzoic  acid,  CgH..COOH.  The 
potassic  salt  of  this  acid  is  formed  when  it  is  heated  with 
potassic  hydrate,  hydrogen  being  evolved;  but  if  an  alcoholic 
solution  of  potassic  hydrate  be  employed,  benzylic  alcohol  is  also 
produced,  the  hydrogen  resulting  from  the  conversion  of  a  portion 
of  the  aldehyde  into  benzoate  reducing  another  portion  of  the 
aldehyde.  Benzylic  alcohol  is  also  produced  together  with  hydro- 
benzoin  and  isohydrobenzoin  (1525)  by  the  action  of  sodium 
amalgam,  zinc  and  hydrochloric  acid,  &c.,  on  benzaldehyde. 

Chlorine  and  bromine  readily  act  on  benzaldehyde,  displacing 
the  hydrogen  of  the  COH  group ;  when  chlorine  is  employed, 
together  with  benzoic  or  benzoyl  chloride,  CgHg.COCl,  a  com- 
pound formed  by  the  union  of  benzoic  chloride  with  benzaldehyde, 
CgHg.CHClCCgHg.COO),  is  also  produced.  It  crystallizes  in 
shining  laminae,  and  is  decomposed  by  water  into  benzaldehyde, 
benzoic  acid,  and  hydrochloric  acid.  Phosphoric  pentachloride 
converts  benzaldehyde  into  (0-2)  dichlorotoluene,  CgHg.CHClg. 

By  heating  benzaldehyde  with  acetic  anhydride  at  150^ 
(302°  F.),  it  is  converted  into  the  diacetin,  C^H^,CH(C^Hfi^)^ 
which  may  also  be  obtained  by  heating  (0—2)  dichlorotoluene 
with  argentic  acetate  :  this  compound  crystallizes  very  readily, 
and  melts  at  45"^  (113°?.). 

Benzaldehyde  forms  crystalline  compounds  with  the  acid 
sulphites  of  potassium  and  sodium,  which  are  readily  decomposed 
by  acids  and  alkalies. 

According  to  Herzfeld  (Deut,  cJiem,  Ges,  Ber,,  x.  1271),  benz- 
aldehyde absorbs  only  about  11  per  cent,  of  its  weight  of 
ammonia  when  submitted  to  the  action  of  this  gas ;  on  exposing 
the  product  in  vacuo  over  sulphuric  acid  it  is  gradually  converted 
into  hydrobenzamide :  CgiH^gNg  =  3C6H5.COH  +  2NH3-3OH2. 
The  latter  compound  is  also  slowly  produced  on  digesting  benz- 
aldehyde with   aqueous  ammonia.      It  forms  colourless  crystals. 
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insoluble  in  water,  by  beating  with  which  it  is  gradually  recon- 
verted into  its  generators ;  hydrobenzamide  is  a  perfectly  neutral 
substance,  but  when  heated  alone  for  some  time  at  about  130° 
(266°  F.),  or  boiled  with  potassic  hydrate  solution,  it  is  converted 
into  an  isomeric,  powerfully  basic  substance,  amarine,  which  is 
also  formed  on  digesting  beuzaldehyde  with  an  alcoholic  solution 
of  ammonia. 

On  digesting  beuzaldehyde  with  ammonic  sulphide  solution, 
a  crystalline  compound  is  obtained  which  apparently  consists  of 
thiobenzaldine,  (?)  Cg^H^^NSg, 

Beuzaldehyde  resembles  ethaldehyde  in  its  behaviour  with 
aniline ;  the  two  bodies  at  once  enter  into  reaction  with  separa- 
tion of  water,  forming  a  crystalline  compound  of  the  formula 
C2gH33N2=2CgH5.COH-h2CgH5.NHj,-20H„  which  is  entirely 
destitute  of  basic  properties,  however.  It  also  acts  in  a  similar 
manner  on  acid  amides ;  thus  9  mixture  of  beuzaldehyde 
and  acetamide,  heated  to  boiling  for  some  time,  yields  the  com- 
pound CgH5.CH(NH.CO.CH3)g;  and  analogous  bodies  may  be 
prepared  in  a  similar  manner  from  the  homologues  of  acetamide 
and  from  benzamide  (Roth,  Ann.  Chem.  Pharm.,  cliv.  72).  On 
adding  a  small  quantity  of  hydrochloric  acid  to  a  solution  of 
ethylic  carbonate  in  beuzaldehyde,  the  liquid  ^t  once  solidifies  to 
a  mass  of  crystals  of  the  compound  CgH5.CH(NH.COOC2Hg)2 
(Bischoff,  Deut.  chem.  Ges.  Ber.,  vii.  634).  .  On  adding  beuz- 
aldehyde to  an  alcoholic  solution  of  urea,  a  mass  of  crystals  of 
the  diureide  CeH5.CH(NH.CO.NH2)3  is  soon  formed;  and  by 
beating  the  dry  substances  together,  the  triureide  and  still  more 
complex  bodies  are  formed  (SchiflT). 

Beuzaldehyde  unites  with  hydrocyanic  acid  to  form  the  com- 
pound CgH5.CH(0H).CN,  which  is  decomposed  into  its  gene- 
rators even  by  warm  water ;  when  digested  with  hydrochloric  acid 
it  is  converted  into  mandelic  acid,  CgHg.CH(OH).COOH.  This 
acid  is  most  readily  prepared  by  gently  boiling  a  mixture  of 
beuzaldehyde,  hydrocyanic  acid,  and  dilute  hydrochloric  acid  in 
a  flask  attached  to  a  reversed  condenser.  If  a  mixture  of  beuz- 
aldehyde, hydrocyanic  acid,  and  of  a  saturated  solution  of  hydro- 
chloric acid  be  allowed  to  stand  for  some  time  at  the  ordinary 
temperature,  a  crystalline  substance  of  the  formula  CigH^gNOj 
is  obtained;  it  melts  at  195®  (385®  F.) ;  when  heated  with 
hydrochloric  acid,  it  is  decomposed  with  formation  of  beuzalde- 
hyde, mandelic  acid,  and  ammonic  chloride  (Zinin,  Zeit.  Chem. 
[2],  iv.  709),  and  probably  therefore  is  a  compound  of  the 
formula  aH5.CH(OH).O.CH(CN).aH6.     A  still  more  complexi 
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compound,  the  so-called  benzimide  of  Laurent,  CgjHjgNoOg,  is 
said  to  be  formed  when  a  mixture  of  benzaldehyde  and  hydro- 
cyanic acid  is  heated  with  an  alcoholic  solution  of  potassic 
hydrate.  In  presence  of  a  dilute  alcoholic  solution  of  potassic 
cyanide,  benzaldehyde  undergoes  a  most  remarkable  transforma- 
tion, being  converted  into  benzoin,  Cfi^.CO,CK(0\i),Cfi^y  which 
it  may  be  supposed  is  formed  by  condensation  of  2  mols.  of  the 
compound  Cj,H5.CH(0H).CN  (comp.  Zincke,  Deut.  chem.  Ges. 
Ber.,  ix.  1772). 

Benzaldehyde  appears  to  enter  into  reaction  with  all  the 
phenols  in  a  similar  manner,  first  forming  a  compound  containing 
the  elements  of  a  molecule  of  aldehyde  and  of  a  molecule  of  the 
phenol,  from  which,  in  the  second  stage  of  the  reaction,  a  more 
complex  substance  results  by  the  union  of  two  molecules  with 
separation  of  the  elements  of  a  molecule  of  water.  Thus  by  the 
action  of  phenol  on  benzaldehyde  in  presence  of  sulphuric  acid, 
probably  the  compound  C^H^.CH(OH).CgH^.OH  is  first  produced, 
two  molecules  of  which  then  unite  with  separation  of  the  elements 
of  a  molecule  of  water.  Similarly,  when  a  mixture  of  benzaldehyde 
and  pyrogallol  is  heated,  a  reddish-brown  resinous  mass  is 
obtained,  consisting  chiefly  of  a  difScultly-crystallizable  resinous 
body  of  the  composition  CggH^jO^  and  a  red  oxidation  product ; 
the  former  substance  is  at  once  obtained  in  a  pure  state  on 
mixing  a  cold  solution  of  pyrogallol  in  hydrochloric  acid  with  a 
cold,  well-incorporated  mixture  of  benzaldehyde  and  a  large 
quantity  of  hydrochloric  acid :  after  a  few  seconds  the  solution 
becomes  turbid,  and  deposits  the  perfectly  colourless  substance. 
Oi)  heating  the  product,  a  part  becomes  red,  and  a  part  is  con- 
verted into  a  crystalline  substance  of  the  same  composition  : 
the  latter  is  at  once  obtained  when  very  concentrated  solution 
of  hydrochloric  acid  is  added  in  small  portions  at  a  time  to  a 
boiling  solution  of  pyrogallol  and  benzaldehyde  in  a  large  quan- 
tity of  absolute  alcohol  until  the  precipitate  no  longer  increases 
in  amount  (Baeyer,  Deut.  chem.  Ges,  Ber.y  v.  280).  Probably  in 
this  case  the  first  action  is  between  the  pyrogallol  and  the  com* 
pound  of  the  aldehyde  with  hydrochloric  acid ;  thus : 

C,H,.CHC1(0H)  +   C,H,(OH),   =  C,H,.CH(OH).C,H,(OH),   +  HcL 

It  was  first  shown  by  Bertagnini  (^?i».  Chem.  Pharm.,c.  125), 
and  afterwards  confirmed  by  Kraut  {ibid.,  cxlvii.  110),  that 
when  benzaldehyde  is  heated  for  some  hours  with  acetic  chloride 
at  120^ — 130°  (248° — 266°  P.),  a  viscid  mass  is  obtained,  from 
which  water  extracts  a  small  quantity  of  cinnaniic^  phenacrylic 


l653*]  THIOBENZALDBHYDE.  759 

acid,  CgH-.CH— CH.COOH.  The  formation  of  this  acid  is 
perhaps  brought  about  in  cousequeuce  of  the  hydrochloric  acid 
contained  in  the  acetic  chloride  combining  with  the  aldehyde, 
thus  producing  the  compound  CgH5.CHCl(0H),  which  then  enters 
into  reaction  with  the  acetic  chloride  to  form  cinnamic  chloride, 
water,  and  hydrochloric  acid:  CgH5.CHCl(OH)H-CH3.COCl  = 
CgHg.CH— CH.COCl-h  HCl-hOHjj ;  or  it  may  be  supposed  that  a 
compound  of  the  aldehyde  and  acetic  chloride  is  first  formed, 
which  then  enters  into  reaction  with  acetic  chloride,  thus : 
C.Hj.CHClCC^HjO,)  +  CH3.COCI  =  C.Hg.CH— CH.COCl  -f 
HCl-hCjH^Og.  Fittig  and  Bieber  subsequently  obtained  the 
homologous  .acid,  phenangelic  acid,  Cj^H^gOg,  by  heating  a 
mixture  of  benzaldehyde  and  butyric  chloride.  Perkin,  however, 
has  recently  shown  (Joum,  Chem,  Soc,  1877,  i.  389)  that  cinnamic 
acid  and  its  homologues  may  be  far  more  readily  obtained  by 
heating  a  mixture  of  benzaldehyde  and  acetic  anhydride  or  the 
homologous  anhydrides,  with  the  sodic  salt  of  the  acid  of  the 
acetic  series  corresponding  to  the  anhydride  employed,  benzalde- 
hyde yielding  as  much  as  84  per  cent,  of  its  weight  of  cinnamic 
acid ;  the  formation  of  cinnamic  acid  from  benzaldehyde  in  this 
manner  has  already  been  discussed  (p.  722). 

(1652)  Thiobenzaldehydes: — When  heated  with  an  alooholic  solution  of 
potassic  thiohydrate,  (0-2)  dichlorotoluene,  C^H^.CHClg,  is  converted  into  a 
body  of  the  composition  C^H^S,  soluble  in  alcohol  and  ether,  and  which  crystaUizea 
from  the  latter  in  four-sided  prisms  melting  at  about  69**  (156°' 2  F.);  it 
decomposes  when  distilled,  and  on  oxidation  with  dilute  nitric  acid  apparently 
yields  a  thiobenzoic  acid,  (?)  C^H^.CSOH  (Fleischer,  Ann,  Chem,  Pharm,, 
cxL  234). 

According  to  Laurent  {Ann.  Ch,  Thys,  [3],  i.  291),  a  body  which  also  has 
the  composition  of  thiobenzaldehyde  is  obtained  on  mixing  alcoholic  solutions  of 
benzaldehyde  and  ammouio  thiohydrate,  bat  this  is  amorphous  and  insoluble  in 
alcohol,  and  only  softens  when  heated  at  90° — 95°  (194" — 203°  F.). 

Klinger  has  recently  found  (Dent,  chem,  Ges,  Ber.,  ix.  1895),  that  when  sul- 
phuretted hydrogen  is  passed  into  an  alcoholic  solution  of  benzaldehyde,  according 
to  the  concentration,  either  an  amorphous  reddish  fioccolent  sub;stance,  or  an  oil 
which  soon  solidifies  and  consists  of  essentially  the  same  substance,  is  obtained. 
When  purified  by  washing  with  alcohol  and  sodio  carbonate  solution,  solution  in 
benzene  or  chloroform,  and  precipitation  by  alcohol,  it  forms  an  amorphous  mass 
of  the  composition  O^^S,  easily  soluble  in  benzene  and  chloroform,  and  some- 
what difficultly  soluble  in  hot  ^cohol,  which  softens  at  about  84°  (183^*2  F.), 
and  decomposes  when  heated  to  a  higher  temperature.  Acetic  chloride  converts 
this  substance  into  a  crystalline  polymeride,  easily  soluble  in  hot  acetic  acid* 
from  which  it  separates  on  cooling  in  glistening  white  needles  melting  at  225 
(437°  F.);  when  heated  with  metallic  copper  it  is  almost  entirely  converted 
into  stilbene,  C.H..CHz=CH.C.H,. 

(1653)  Haloid  akd  Nitbo- debit atites  op  Benzaldehyde. — Haloid 
derivatives  have  not  yet  been  directly  prepared  in  a  pure  state  from  benzaldehyde, 
but  several  have  been  obtained  from  chlorinated  derivatives  of  (o-i)  chlorotolueile^ 
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or  benzylic  chloride  by  boiling  them  with  plumbic  nitrate  and  water,  and  from 
chlorinated  derivatives  of  (0-2)  dichlorotoluene  by  heating  them  with  water 
alone  at  high  temperatures.  Parachlurohenzaldehyde,  C^H^CLCOH,  prepared 
from  parachlorobenzylic  chloride,  is  liquid,  and  very  readily  oxidizes  to  parachloro- 
benzoic  acid  on  ex^JOriure  to  the  air  (Beilstein  and  Kuhlberg,  Ann.  Ckem. 
Pharm.,  cxlvii.  352).  An  ipomeric  orthochlorobenzaldehyde  is  formed  by 
distilling  salicylic  aldehyde,  CgII^(OH).COH,  with  phosphoric  pentachloride,  and 
heating  the  resulting  (1-2)  trichlorotoluene  with  water;  it  boils  at  210^ 
(410^  F.).     Di-  and  trichlorobenzaldehyde  are  crystalline. 

Nitric  acid  alone  appears  always  to  oxidise  benzaldehyde  to  benzoic  acid, 
but  unless  the  very  strongest  acid  be  used,  the  action  takes  place  but  slowly  in  the 
cold;  if,  however,  benzaldehyde  be  mixed  with  20  times  its  volume  of  a  mixture 
of  1  vol.  ordinary  concentrated  nitric  acid  and  2  vols,  concentrated  sulphuric 
acid  which  is  kept  oold,  the  product  is  a  mass  of  crystals  saturated  with  an  oil. 
The  former  consists  of  metanitrobenzoic  aldehyde,  C^H^(NOj).COH,  which 
crystallizes  from  alcohol  in  small  white  needles,  melting  at  58'  {i36*'*4  F.)  ; 
this  compound  appears  closely  to  resemble  benzaldehyde  in  its  reactions  (Berta- 
gnini,  Ann.  Chem.  Pharm.,  Ixxix.  259;  Lippmann  and  Hawliczek,  DeuU 
chem.  Ges.  Ber.,  ix.  1463).  The  oil  which  accompanies  the  crystals  may  be 
purified  by  shaking  with  a  solution  of  hydric  sodic  sulphite,  which  combines 
with  the  aldehyde,  and  extracting  the  liquid  with  ether ;  on  distilling  off*  the 
ether  an  oil  remains,  which  may  be  freed  from  water  by  heating  in  vacuo  at 
105° — iTO°  (221^ — 230°  F.);  if  heated  higher  it  decomposes.  This  product 
ha«i  the  same  empirical  composition  as  nitrobenzaldehyde,  but  on  oxidation  it 
yields  benzoic  acid  without  evolution  of  carbonic  anhydride,  and  therefore  is 
probably  formed  from  benzaldehyde  by  the  displacement  of  hydrogen  in  the 
COH  group  by  NO,  (Lippmann  and  HawHceek). 

(1654)  Hydroxyl  derivatives  of  !ti|jBNZALDEHTDB ;  PhenaldoU. — 
Several  aldehydes  are  known,  formed  from  benzaldehyde  by  the  displacement  of 
hydrogen  atoms  in  the  C,  group  by  the  group  OH,  which  exhibit  certain  of  the 
properties  characteristic  of  the  phenols  as  well  as  the  properties  of  aldehydes* 
Two  of  these  compounds  are  of  especial  interest,  as  they  are  closely  related  to  a 
number  of  substances  which  occur  naturally  in  planU.  We  are  acquainted  with 
the  following  *•  phenaldols"  :* 

Orthoxybenzaldehyde  or  salicylic  aldehyde    .     •     •  I  n  H  iOTii  COH 

Paroxybenealdehyde j     •    4^       '* 

Metoxyparoxybenzfaldehyde  or  protocatechuic  aide-  J  p  jt  /qxi\  COH 

(1655)  Obthoxybenzaldehydk  ;  Salicylic  aldehyde,  sdLicylol,  or  *a/i- 
cylotuacid:  C,H.O,  =  C,H^(OH).COH  (OH  :  COH  =  1:2).  — This  aldehyde 
was  discovered  by  Pagen:<techer  in  1835,  who  obtained  it  by  distilling  the 
flowers  of  meadow  sweet,  Spiraa  ulmaHa,  with  water ;  it  may  be  procured  from 
other  species  of  spirtea,  and  also  from  the  larvae  of  Chrysamela  papuU,  and  from 
the  beetles  themselves  by  distillation  with  water.  It  is  formed  on  oxidation  of  the 
corresponding  alcohol,  saligenol  (saligenin),  CgH4(0H).CHg(0H),  and  also  by 
the  action  of  oxidizing  agents  on  the  glucosides  which  yield  this  alcohol — viz., 
populin  and  salicin,  and,  in  fact,  is  usually  prepared  from  the  latter :  2  parts  of 
salicin,  2  of  potassic  dichromate  and  16  of  water  are  placed  in  a  retort,  and  a 
mixture  of  3  parts  of  sulphuric  acid  and  eight  of  water  added  ;  a  slight  evolution 
of  gas  takes  place  during  30  to  45  minutes,  and  the  liquid  becomes  green. 
When  the  evolution  of  gas  ceases,  heat  is  applied  and  the  aldehyde  distilled  over; 
the  oil  is  then  separated  from  the  water,  and  the  portion  which  remains  dissolved 
extracted  with  ether.  By  this  process  salicin  yields  about  24  per  cent,  of  its 
weight  of  the  aldehyde. 
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The  most  interesting  method  of  preparing  salicylic  aldehyde,  however,  is  by 
the  action  of  trichlorotn ethane  (chloroform)  on  sodium  phenol  (comp.  p.  7'^)  • 
20  parts  of  phenol  are  ditfsolved  in  a  Bolution  of  60  parts  of  sodic  hydrate  in  at 
least  twice  the  weight  of  water  heated  to  56° — 60°  (122° — i40**F.),and  slightly 
more  than  the  equivalent  amount  of  trichloromethane  is  gradually  added,  the 
mixture  being  constantly  agitated ;  the  reaction  is  completed  by  boiling  the 
mixture  for  half  an  hour,  the  excess  of  chloroform  is  then  distilled  off,  a  slight 
excess  of  sulphuric  or  hydrochloric  acid  added,  and  the  salicylic  aldehyde  together 
with  the  unatt-acked  phenol  distilled  off  by  passing  a  current  of  steam  through 
the  liquid.  To  separate  the  aldehyde  from  the  phenol,  the  mixture  is  dis- 
solved in  ether,  and  the  former  extracted  with  a  solution  of  hydric  sodic 
sulphite,  &c. 

Salicylic  aldehyde  is  a  colourless  oily  liquid,  of  pleasant  aromatic  odour, 
boiling  at  about  196°  (384'  8  F  ),  of  the  sp.  gr.  1-173  at  15°  (59°  F.).  It  is 
moderately  soluble  in  water,  and  miscible  with  alcohol  and  ether  in  all  propor- 
tions; its  solutions  are  coloured  deep  violet  by  ferric  chloride.  On  oxidation 
it  is  converted  into  salicylic  acid.  It  combines  with  the  acid  sulphites,  forming 
crystalline  compounds  which  are  readily  decomposed  by  acids  with  separation  of 
the  unaltered  aldehyde.  It  is  acted  upon  by  aniline  and  by  urea  in  the  same 
manner  as  benziildehyde.  With  potassic  chlorate  and  hydrochloric  acid,  it  yields 
tetraehloroquinone,  C^CI^O,.  Salicylic  aldehyde  readily  dissolves  in  solutions  of 
the  alkalies,  and  even  decomposes  carbonates,  forming  cr^^stalline  metallic  de- 
rivatives, such  as  C,H/OK).COH  and  C8H^(0Na).C0H,  from  which  other 
metallic  derivatives  may  be  obtained  by  double  decomposition ;  crystalline  me- 
tallic derivatives  consisting  of  a  molecule  of  the  potassium  or  sodium  de- 
rivative  united  with  a  molecule  of  the  aldehyde  are  also  known.  Ammonia 
combines  with  salicylic  aldehyde,  probably  forming  the  ammonium  derivative, 
C^H^(ONH^.COH ;  on  heating  this  compound,  water  and  hydrosalicylamide, 
C^H^gNjO,  =  3C,H^0,  +  2NH,  -  3OH.,  are  formed. 

The  hydrogen  of  the  OH  group  may  also  be  displaced  by  both  positive  and 
negative  organic  radicles.  By  heating  the  sodium  derivative  C^H^(ONa).COH 
with  methylio  iodide,  methylsalicylol  or  orihomethoxyhenzaldehyde, 
C<,H^(OCH,).COH,  is  produced,  and  the  corresponding  ethyl  derivative 
may  be  formed  by  the  action  of  ethylio  iodide;  both  are  colourless  oils,  which 
boil,  the  former  at  about  238°  (46o°-4  F.),  the  latter  at  about  248*'(478°-4  F.) ; 
they  form  crystalline  compounds  with  the  acid  sulphites,  and  enter  into  reaction 
with  ammonia,  the  hydramide,  C^yHj^N^O,,  derived  from  the  latt«r  as  well 
as  that  derived  from  the  former,  undergoing  conversion  into  an  isomeric  basic 
substance  when  heated  (Perkin,  Joum,  Chem.  Soc,  xx.  418).  Bj  the  action 
of  benzylic  chloride  on  the  sodium  derivative  of  salicylic  aldehyde,  a  benzyl 
derivative  is  obtained  corresponding  in  its  properties  to  the  methyl  and  ethyl 
derivatives  (Perkin,  ibid,,  xxi.  122). 

Mono-  and  di-chlorinated  and  brominated  derivatives  of  salicylic   aldehyde 

have  been  prepared  by  the  action  of  chlorine  and  bromine,  and  a  mononitro- 

derivative  by  the   action   of  nitric   acid ;  by  the   action  of  pentachloride  of 

phosphorus,  the  dichlororthocresol,  C,H^(0H).CHC1^,  and  1-2  trichlorotoluene 

'  are  formed. 

When  salicylic  aldehyde  is  mixed  with  acetic  chloride,  hydrochloric  acid  is 
evolved,  and  the  liquid  on  cooling  deposits  crystals  of  a  body  of  the  composition 


r  C  H  OOH" 
Cj^Hj^O,,"  which  Perkin  represents  by  the  formula  0  <  q*tj*Viqxt  :— Considering 

the  difficulty  with  which  the  phenols  form  ethers,  however,  this  formula  appears 
scarcely  probable.  The  product  in  question  is,  perhaps,  a  condensation  product 
of  the  formula  C.H,(0H).CHIZC,H,(0H).C0H.      It  is  also  obtaioed  by  ihe 
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action  of  benzoic  and  sncoinic  chlorides.  It  does  not  combine  with  acid  sul- 
piiites,  and  when  heated  with  acetic  chloride  is  converted  into  a  non-distillable 
oil  (Perk in). 

If,  however,  aortic  anhydride  be  added  to  the  sodium  derivative  of  salicylic  al- 
dehyde suspended  in  pure  dry  ether,  action  giadually  takes  place,  and  acetosalicyHc 
aldehyde,  CgH^(C,HjOg).COH,  is  produced,  toy^ether  with  sodic  acetate ;  it  is  a 
crystalline  substance  which  melts  at  37°  (98°*6  F.),  and  boils  at  about  253° 
(487°*4  F.)  with  but  very  little  decomposition.  It  combines  with  the  acid 
sulphites;  when  heated  with  acetic  anhydride  at  150°  (302^  F.),  it  combines 
with  it,  forming  the  comfound  C.H^(C,H,0,).CH(C,H,0^)^,  which  decompoees 
into  its  generators  on  distillation  (Perkin,  ibid.,  xxi.  182).  The  corresponding 
compound  of  salicylic  aldehyde,  C,H^(OH)  CH(C,H,Oj)„  is  obtained  by  heating  a 
mixture  of  the  latter  with  acetic  anhydride  at  150°  (302°  F.) ;  when  distilled  it 
partially  decomposes,  and  on  heating  with  water,  it  yields  acetic  acid  and 
salicylic  aldehyde.  The  methyl  and  ethyl  derivatives  of  salicylic  aldehyde  also 
combine  with  acetic  anhydride  in  a  precisely  similar  manner  (Perkin,  ibid,^  xx.  , 
586).  If  instead  of  acting  upon  the  sodium  derivative  of  salicylic  nnhydrido-  with  ^>^*^:  ^^ 
acetic  anhydride  in  presence  of  ether  the  two  substances  be  simply  mixed  together, 
the  sodium  derivative  soon  dissolves,  much  heat  being  developed;  and  if  the  mixture 
be  boiled  ibr  a  few  minutes,  then  poured  into  water,  and  the  oil  which  separates 
be  distilled,  at  first  small  quantities  of  acetic  acid  and  of  unaltered  aldehyde 
pass  off,  after  which  nearly  pure  coumarin,  C^H^Oj,  distils  over  at  about  290** 
{554°  F.)  (Perkin,  ibtd.,  xxi  53).  Coumarin  is  contained  in  the  tonka  bean, 
Which  derives  its  sweet  odour  from  it,  and  is  also  present  in  woodruff,  Asperula 
odarata,  in  the  flowers  of  sweet  vernal  grass,  Anthoxantkutn  odoraium,  and 
in  other  plants.  Tiemann  and  Herzfeld  have  recently  shown  (Deut,  chem.  Ges, 
Ber,,  X.  283)  that  its  formation  in  the  above  manner  is  preceded  by  that  of 
acetorthocoumaric  acid.  Doubtless  the  salicylic  aldehyde  is,  in  the  first  place, 
converted  into  the  acetyl  derivative  C,H/O.C,H,0).COH  ;  this  product  then 
either  enters  into  reaction  with  a  molecule  of  acetic  anhydride  to  form  the  mixed 
anhydride  of  acetic  and  orthocoumario  acids  : 

C  jj    (  COH         .   CH..CO  I  o-  OH    +    r  H  J  CHZZCH-CO;  "; 
^•"«  t  O.C,H.O  +  CH,.CO  j  O  -  OH,  +    C.H.  I  Q^^^^Q 

or  it  combinM  with  the  anhydride,  forming  C,H^(O.CiH,0).CH(O.C,HjO)i,and 
the  mixed  anhydride  in  produced  by  the  action  of  this  acetodiacetin  on  a  molecule 
of  acetic  anhydride.  On  pouring  into  water,  the  anhydride  in  decomposed  into 
acetic  and  acetorthocoumaric  aoidii ;  on  distilling  the  latter,  it  breaks  up  into 
coumarin  and  acetic  acid : 


p„   fCH— CH.COOH_  „„  / 


CHzrCH 

Acetorthocoumurio  acid.  Coumurln.  Acetic  add. 

The  presence  of  sodic  acetate  is  necessary  to  the  formation  of  coumarin,  which  is  ^ 
not  produced  by  merely  heating  together  salicylic  aldehyde  and  acetic  anhydride ; 
it  apparently  plays  the  part  of  a  dehydrating  agent,  but  it  is  difficult  to  explain 
the  precise  manner  in  which  it  acts :  if,  however,  4t  be  supposed  that  the  mixed 
anhydride  of  acetic  and  orthocoumario  acid  which  is  produced  results  from  the 
action  of  the  acetic  anhydride  on  the  acetodiacetin,  C,H^(CjH,OJ.CH(C,HjOj)j, 
it  is  not  improbable  that  the  function  of  the  sodic  acetate  in  inducing  Uid 
formation  of  this  anhydride  is  the  consequence  of  the  tendency  which  this  aalt| 
possesses  to  combine  with  acetic  acid :  C^  \ 
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^       (  CH(C,H.O,).       CH..CO  I  0  -  C  H  /  CHIZCH.CO  /  ^     ^  ^^  ^ 

Perk  in  has  shown  that  hy  employing  the  homologuea  of  acetic  anhydride,  a  fteries 
of  bodies  homologous  with  coumarin  may  be  obtained,  and  also  that  ortho- 
methozybenzoic  aldehyde  and  the  lower  haloid  derivatives  of  salicylic  aldehyde 
enter  into  reaction  with  the  anhydrides  of  the  acetic  series  in  the  same  manner 
as  salicylic  aldehyde. 

From  Baeyer's  experiments  it  appears  that  salicylic  aldehyde  resembles  benz- 
aldehyde  in  its  action  on  phenols  in  presence  of  hydrochloric  and  sulphuric  acids. 
According  to  Liebermann  and  Schwarzer  {Deut  cAem,  Ges,  £er,,  ix.  800), 
salicylic  aldehyde  is  rapidly  converted  into  a  red  solid  substance,  closely 
resembling  the  so-called  rosulic  acid  in  its  properties,  when  warmed  with  con- 
oontratea  sulphuric  acid ;  and  by  the  action  of  the  acid  on  a  mixture  of 
salicylic aldehydeaiidphenol,"ro8olicacid":  C^H^^O,  =  C.H^O  +  20^11,0,— 2OH,, 
identical  with  that  produced  on  heating  phenol  with  oxalic  and  sulphuric  acids,  is 
obtained.  From  this  it  appears  probable  that  in  the  formation  of  "  rosolic  acid" 
from  phenol  and  oxalic  acid,  nalicylic  aldehyde  is  first  produced  by  the  action  on  the 
phenol  in  presence  of  the  sulphuric  acid  of  the  formic  acid  resulting  from  thedecom- 
position  of  the  oxalic  acid  :  C.H,.OH  +  H.COOH  =  C,H^(OH).COH  +  OH,. 

(1656)  Paboxybbnzoic  aldehyde  :  C^H^(OH).COH,  the  isomeride  of  sali- 
cylic aldehyde,  is  obtained  on  heating  parHmethoxybenzoic  or  anisic  aldehyde, 
C,H^(OCHJ.COH,  with  hydrochloric  acid  at  200°  (392"  F.),  for  three  or  four 
hours  (Bucking,  ibid ,  ix.  527),  but  is  most  readily  prepared  from  phenol  by  the 
action  of  chloroform  in  presence  of  potassic  or  sodic  hydrate,  100  grams  of 
phenol  yielding,  according  to  Tiemann  and  Herzfeld  (ibid.,  x.  63),  10  grams  of 
the  pure  aldehyde.  It  crystalh'zes  in  slender  needles,  which  in  the  dry  state 
melt  at  112**  (233®'6  F.),  but  under  water  at  about  60'  (140**  F.).  It  has  a 
pleasant  aromatic  odour,  and  dissolves  readily  in  alcohol  and  ether,  but  not  in 
cold  water,  although  hot  water  dissolves  it  more  readily ;  its  aqueous  solution  is 
coloured  a  dirty  violet  by  ferric  chloride.  It  forms  crystalline  alkali-metal 
derivatives,  and  an  oily  ammonium  derivative,  which  soon  loses  ammonia  on 
exposure  to  the  air ;  aniline  enters  into  reaction  with  it  to  form  a  crystalline 
body  of  the  composition  C^H^jNO  =  C,H.O.  +  C.H^N  -  OH,  (Herzfeld,  ibid.,  x. 
1 267).  It  combines  with  the  acid  sulphites,  and  reduces  an.ammoniacal  solution 
of  a  silver  salt,  but  it  is  not  easily  oxidized  by  the  ordinary  oxidizing  agents. 
Fused  potassic  hydrate,  however,  readily  oonveils  it  into  potassic  paroxybenzoale. 
When  submitted  to  the  action  of  nascent  hydrogen  it  furnishes  a  mixture  of 
paroxybenzi/lic  alcohol,  C,H^(OH).CHg.OH,  and  of  hydroparoxybenzoin, 
[C,HJ0H).CH.0H]2;  apparently  there  is  no  isomeride  of  the  latter  formed. 
By  the  action  of  acetic  anhydride  on  its  potassium  derivative,  acetoparoxybenzoic 
aldehyde,  CjH^(CjHjO,).COH,  is  formed ;  and  by  boiling  it  with  acetic  anhydride 
the  aceto-diacetin,  C,H/C,H,0,).CH(C,H,0,),,  is  produced.  If  the  sodium 
derivative  of  paroxybenzoio  aldehyde  be  boiled  with  acetic  anhydride  and  sodio 
acetate,  the  acetyl  derivative  of  paracoumaric  acid,  C^H^(0H).CHIZCH.C00H, 
is  formed. 

(1657)  Pabahethoxybbnzoic  or  anisic  aldbbydb;  hydride  ofanisyl  : 
C^H^(OCH,).COH,  may  be  obtained  by  digesting  a  mixture  of  paroxybenzoic 
aldehyde,  potassic  hydrate,  methylic  iodide,  and  methylio  alcohol  (Tiemann 
and  Herzfeld),  but  is  usually  prepared  by  the  oxidation  of  oil  of  anise  (comp. 

-  Kossel,  Anrin  Chem,  Fharm,,  cli.  25).  It  is  a  colourless  liquid  of  aromatic 
odour,  boiling  at  about  250^  (4^2^  F.),  which  rapidly  absorbs  oxygen  from 
the  atmosphere,  being  converted  into  anisic  or  paramethoxybenzoic  acid; 
when    heated   with    an   alcoholic  solution    of  potassic  [^Jt^e^C!^   yields   a 
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mixture  of  potassic  anisate  and  of  anisic  alcohol.  In  other  respectn  it  roost 
closely  resembles  benzoic  aldehyde :  forming  a  crystalline  coraponnd  with  hjdric 
sodic  sulphite;  being  converted  in  to  h^dranisoin  and  inohydranisoin,  the 
methoxy-derivativea  of  hydro-  and  isohydrobenzoin,  by  the  action  of  nascent 
hydrogen;  into  anishydramid  by  the  action  of  ammonia;  and  into  anisoin,  the 
analogue  of  benzoin,  by  treatment  with  potassic  cyanide  solution.  When  heated 
with  acetic  chloride,  it  is  converted  into  a  humus-like  substance  (Rossel).  According 
to  Perkin,  it  yields  paramethoxyphenacrylic  acid,  C^H^(OCHJ.CH~CH.COOH, 
when  heated  with  sodic  acetate  and  acetic  anhydride ;  and  by  employing  propionic 
and  butyric  anhydrides  the  homologous  paramethoxyphenylcrotonic  and 
phenylangelic  acids  may  be  obtained.  These  acids,  on  distillation,  are  decom- 
posed with  evolution  of  carbonic  anhydride,  paramethoxyphenylcrotonic  acid, 
C^H^(OCH,).C,H^.COOH,  yielding,  moreover,  a  body  which  is  apparently 
identical  with  anethol,  C^H^(OCHj).C,H^,  the  chief  constituent  of  oil  of  anise. 

(1658)  Pa-rametadioxybenzoic  or  Pbotocatechuic  aldehyde  : 
C,H.O,  =  C,H,(OH),.COH  (COH  :  OH :  OH  =  i :  3  : 4). —Considerable  interest 
attaches  to  ttiis  aldehyde  on  account  of  its  relation  to  vanillin  and  piperoual.  It 
is  formed  from  the  latter  by  heating  it  with  dilute  hydrochloric  acid,  carbon 
being  separated ;  alno  on  warming  dichlorpiperonal  with  water,  and  on  heating 
the  former  with  hydrochloric  acid.  It  crystallizes  from  water  in  flat  crystals, 
which  are  usually  arranged  in  concentric  groups;  it  melts  at  150*^  (302°  F.), 
at  which  temperature,  however,  it  begins  to  decompose.  Its  aqueous  solution 
becomes  of  an  intense  pure  green  colour  on  the  addition  of  ferric  chloride ;  on 
the  addition  of  a  small  quantity  of  sodic  carbonate  solution,  the  colour  changes 
to  violpt,  whilst  a  larger  quantity  renders  it  a  magnificent  red.  If  dissolved  in 
an  excess  of  sodic  carbonate  solution,  it  may  be  extracted  by  ether,  but  not  if 
dissolved  in  a  solution  of  hydrio  sodic  sulphite.  It  exhibits  powerful  reducing 
properties,  and  when  carefully  fused  with  potassio  hydrate,  it  is  oxidized  to 
protocatechuic  acid,  C^H,(OH)g.COOH  (Fittig  and  Remsen,  Anfi,  Ckem,  Pharm., 
clix.  148;  clxviii.  93). 

(1659)  Paboxymetambthoxtbenzoic  ALDEHYDE;  methylprotocatechuic 
aldehyde;  orvanillin:  C.H.O,  =  C.H,(OH)(OCH,).COH  (COH:OCH.:OH  =  i  :3:4). 
— The  formation  of  this  compound  trom  coniferin,  a  glucoside  occurring  in  the 
cambium  of  coniferous  trees,  has  already  been  described  (p.  691);  it  is  also 
obtained  on  carefully  heating  opianic  acid,  C,Hjj(OCH,)g(COH).COOH,  with  a 
concentrated  solution  of  zincic  chloride  (Armstrong),  and  it  is  to  this  substance 
that  vanijla,  the  fruit  of  a  climbing  orchidaceous  plant.  Vanilla  planifolia, 
growing  wild  in  Mexico,  Brazil,  and  other  tropical  countries,  owes  its  peculiar 
pleasant  aromatic  odour.  It  forms  colourless  needle-like  crystals,  soluble  with 
difficulty  in  cold,  bat  easily  in  hot  water,  and  readily  soluble  in  alcohol  and 
ether;  it  melts  at  about  80*^  (176°  F.),  and  if  carefully  heated  may  be  sublimed 
unchanged.  Its  aqueous  solution  is  strongly  acid,  and  it  furnishes  a  series  of 
metallic  derivatives  of  the  general  formula  C.H,(OR')(OCHJ.COH,  which 
mostly  crystallize  well.  By  digesting  the  potassic  derivative  with  methylic  alcohol 
and  methylic  iodide,  parametadimethoxy benzoic  aldehyde,  C^Hj(OCHj),.COH,  is 
produced ;  whilst,  if  eth^'lic  alcohol  and  iodide  be  employed,  the  corresponding 
parethoxymetamethoxybenzoic  aldehyde,  C^H,(0C2H,)(0CHj).C0H,  is  obtained. 
The  former  crystallizes  in  colourless  needles,  melting  between  15°  and  20°  (59* 
and  68°  F.),  and  boils  at  285**  (545°  F.)  without  decomposition ;  on  oxidation 
it  yields  the  corresponding  dimethoxybenzoic  acid.  The  latter  crystallizes  in 
large  prismatic  tables,  melting  at  65°  (149°  F.),  and  yields  an  ethmethoxy benzoic » 
acid  on  oxidation,  identical  with  that  obtained  on  oxidation  of  ethyleugenol 
(1603).  When  vanillin  is  submitted  to  the  action  of  bromine  or  of  iodine,  it  is 
converted  into  bromo-  and  iodovanillin,  C,HyBrO,  and  CgH^IO^rboth  of  firhich 
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are  crystalline.  By  digesting  it  for  some  time  with  dilute  hydrochloric  acid  at 
200°  (392°  F.),  protocatechuic  aldehyde  and  methylic  chloride  are  produced ;  and 
when  it  is  heated  with  potaanic  hydrate,  the  potaasic  salt  of  protocatechuic  acid 
is  obtained.  It  yields  a  mixture  of  vanillylic  alcohol,  CjH,(OH)(OCHjj).CH,.OH, 
and  of  hydrovanilloin,  (CyHyOj.CH.OH)^,  when  submitted  to  the  action  of  nascent 
hydrogen  ;  the  former  is  easily  soluble  in  ether,  alcohol,  and  warm  water,  and  like 
saligenol  (saligeniu)  is  converted  into  an  insoluble  resinous  compound  analogous  to 
saliretiu  when  treated  with  di.ute  acids ;  the  latter  is  aimont  insoluble  in  cold  water, 
very  slightly  soluble  in  boiling  water  or  alcohol,  and  insoluble  in  ether.  Vanillin  is 
not  extracted  by  ether  when  dissolved  in  a  solution  of  hydric  sodio  sulphite  (Tiemana 
wadRsannann,  JDeul,chem.Ge8.  Ber,,  vii.  608;  Tiemanu,f^icif.,viii.  1 123;  ix.409. 

(1660)  Pabametamethtlbn  xtbbnzoic    ALDsaYDE  ;     m^hyleneproto* 

catechuic  ov pijperonylic  aldehyde;  piperonal :  CgH^O,  =sC,Hj(C0H)|^|CH2. 

— This  aldehyde  is  formed  on  oxidation  of  piperio  acid  (q.  v.),  Cj^H^^O^,  with 
potassic  permanganate*  It  is  only  sparingly  soluble  in  cold,  but  more  readily  in 
hot  water,  from  which  it  crystallizes  ou  cooling  in  large,  colourless,  transparent, 
lustrous  prisms,  having  an  odour  resembliug  that  of  ooumariu  ;  it  melts  at  37° 
(98°'6  F.),  and  boils  at  263°  (505^4  F.).  It  forms  a  crystalline  compound 
with  hydric  sodic  sulphite,  and  on  oxidation,  it  is  converted  into  piperonylic  acid, 
CgHgO^.  When  submitted  to  the  action  of  nascent  hydrogen,  it  yields  piperonylic 
alcohol,  CgHgO,,  together  with  hydropiperoin  and  isohydropiperoin,  Cj^Hj^O^, 
two  isomeric  dihydric  alcohols  which  manifest  the  closei^t  resemblance  in  their 
properties  to  hydrobenzoin  and  isohydrobenzoin  (1525);  piperonylic  alcohol 
melts  at  51°  (i23®*8  F.),  hydropiperoin  at  202°  (395°'6  F.),  and  isohydro- 
piperoin  at  135**  (275°  F.);  of  the  last  two  compounds  the  latter  is  far  more 
soluble  in  water  and  alcohol,  and  both  are  more  soluble  than  the  monohydrio 
alcohol.  When  piperoual  is  acted  upon  b}'  phosphoric  pentachloride,  it  yields 
either  piperonal  chloride,  CyH^O.^.CHClj,  or  dichloropiperonal  chloride, 
CyHjCljOj.CHClg,  according  to  the  proportions  employed ;  both  these  compounds 
are  liquids,  and  boil  respectively  at  240° — 250^  (464° — 482°  F.)  and  280° 
(536°  F.);  the  former  in  contact  with  water  is  reconverted  into  the  aldehyde, 
whilst  the  latter  yields  a  dichlorinated  derivative  of  the  aldehyde,  C,H,CljjO,.COH, 

which  doubtless  has  the  formula  C,Hj(COH)  \  r^\  CCl^,  as  ou  warming  with 

water  it  completely  decomposes  into  protocatechuic  aldehyde,  carbonic  anhydride, 
and  hydrochloric  acid : 

C.H3(C0H)  I  ^  I  CCl,  +  2OH,  =  C,H,(OH),.COH   +   CO,  -f    2HCI. 

The  formula  assigned  by  Fittig  aud  Remsen  to  piperoual  is  placed  beyond  doubt 
by  their  discovery  that  piperonylic  acid  may  be  synthesized  by  heating  proto- 
catechuic acid  with  potassic  hydrace  and  mothylenic  iodide,  CH,!,  {Ann,  Chem. 
Phartn,,  clii.  25  ;  clix.  129;  clxviii.  93). 

(1661)  JSomologues  of  benzoic  aldehyde, — Two  aldeh^-des  derived  from 
toluene  or  methylbenzene  and  one  from  (?)  isopropylbenzene  are  known;  by 
boiling  sycocer^'lic  alcohol  (1482)  with  a  dilute  aqueous  solution  of  chromic 
acid  (De  la  Rue  and  Miiller,  Journ.  Ohem,  800.,  v.  62)  obtained,  ou  one  ooja- 
sion,  a  crystalline  neutral  substance,  which  probably  was  the  CDrresponding 
aldehyde.  Paratoluic  or  paramethylhenzoic  aldehyde,  CHg.C^H^.COH,  and 
a  ioluic,  phenylacetic  or  pJienethaldehyde,  CjH^.CHj.COH,  are  respectively 
obtained  by  distilling  the  calcic  salts  of  paratoluic  and  phenylacetic  acids  with 
calcic  formate.  The  former  is  an  oily  liquid,  boiling  at  204°  (399°' 2  F.) ;  the 
latter  is  solid,  bat  has  not  been  obtained  in  a  crystalline  state,  separating  from 
its  ethereal  solution  as  a  gelatinous  mass  (Eadziszweski). 
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Cumic  or  euminic  aldehyde,  or  euminol,  C,Hy.C^H^.COH,  h  contained 
together  with  cjmene  in  the  essential  oil  of  camin  {Cuminum  ryminum)^  and  also 
in  that  of  the  water  hemlock  (Cicuta  virosa).  It  maj  he  separated  hy  shaking 
the  oil  with  a  concentrated  solution  of  hydric  sodic  sulphite,  and  then  decomposing 
the  crystalline  compoand  which  separates  hy  sodic  carbonate,  after  purification  in 
the  usual  way  by  pressure  and  washing  with  alcohol.  Oumio  aldehyde  is  a 
colourless  oil,  having  a  powerful  odour  of  cumin,  boiling  at  about  237^ 
(458^*6  F.).  In  all  respects  it  exhibits  the  closest  resemblance  to  benzoic 
aldehyde,  absorbing  oxygen  on  exposure  to  moist  air,  and  being  converted  into 
cumic  acid,  which  is  also  formed  from  it  by  the  action  of  the  weaker  oxidising 
agents;  when  boiled  with  chromic  acid,  however,  it  yields  terephthalic  acid, 
which  is  a  proof  that  the  groups  C^H,  and  OOH  are  relatively  in  the  positions 
1-4.  It  is  generally  supposed  that  the  group  C,H,  has  the  constitution  of 
isopropyl,  CH(Cn,),,  as  according  to  the  investigation  of  Fittig,  Ahrens,  and 
Mattheides  {Ann.  Ckem,  Pharm.,  cxlix.  325),  the  hydrocarbon  C^H^^  obtained 
on  distilling  cumic  acid  with  calcic  hydrate  is  not  identical  with  normal  propyl- 
benzene;  but  the  correctness  of  this  conclusion  is  somewhat  open  to  doubt, 
especially  as  cumic  aldehyde  occurs  together  with  cymene  or  normal  propyl- 
roethylbenzene,  and  as,  moreover,  thymol  and  carvacrol,  and  apparently  also  the 
terpenes  are  normal  propyl  derivatives. 

§  lY.     MONALDEHTDES    OF    OTHER    SeRIES. 

The  only  monaldehydes  known  besides  those  already  described 
are  the  so  called  furfurol  and  fucusol^  C^H,O.COH,  cinnamic 
aldehyde,  CgH^COH,,  diphenethaldehyde,  CH(CgH5)2.COH,  and 
two  isomeric  naphthoic  aldehydes,  CjpH^.COH. 

(1662)    FUBFUBALDBHTDB      Or      a-PYBOMUCIC      ALDBHTDE  ;     Jurfurol  -• 

C,H^O,  =  C^H.O.COH.— This  aldehyde  is  formed  on  heating  flour,  bran,  sawdust, 
and  other  v^^etable  substances  with  dilute  sulphuric  acid  or  zincio  chloride  solution ; 
it  is  also  produced  in  small  quantity  on  heating  various  kinds  of  wood  merely  with 
water  in  closed  vessels,  at  an  elevated  temperature  (G.  Williams ;  Hugo  Miiller), 
and  is  the  chief  constituent  of  the  oil  which  passes  over  with  the  steam  on 
rectifying  the  crude  product  of  the  distillation  of  wood  at  temperatures  below 
200°  (392°  F.)  (Mil,  Deut  chem.  G^.  Ber,,  x.  936).  According  to  Sten- 
house,  a  very  advantageous  process  for  preparing  it  is  to  distil  bran  with  more 
than  half  its  weight  of  sulphuric  acid,  previously  diluted  with  two  parts  of 
water.  Schwanert,  however  {Ann.  Ckem,  Pharm,,  cxyi.  257),  recommends  the 
proportions  100  pts.  sulphuric  acid,  300  pts.  water,  and  100  pts.  bran,  from 
which  he  obtains  3  pts.  of  the  aldehyde. 

Furfuraldehyde  is  a  colourless,  highly  refracting  oil,  which  soon  becomes 
coloured  when  kept,  doubtless,  however,  in  consequence  of  the  presence  of 
impurity  (comp.  Stenhouse,  B.  Soc.  Proc,  xviii.  537);  it  boils  at  about  163^ 
(3^S°*4  P-)»  *n<l  a^  I5**'6  (60®  F.)  has  the  sp.  gr.  t'x648.  It  dissolves  in 
about  1 2  pts.  of  cold  water,  but  mixes  with  alcohol  in  all  proportions.  When 
boiled  with  water  and  argentic  oxide,  it  yields  the  silver  salt  of  pyramucie 
arid,  C^H,0  GOOH ;  and  the  potassic  salt  of  this  acid  is  formed,  together 
with  furfurylic  alcohol,  C^H,O.CHj.OH,  when  it  is  treated  with  an 
alcoholic  solution  of  potassic  hydrate  (Limpricht,  Ann.  Chem.  Pharm.,  clxv. 
300).  This  alcohol  is  more  readily  prepared  by  the  action  of  sodium  amalgam 
on  an  aqueous  solution  of  the  aldehyde  maintained  acid  by  the  addition  of  acetic 
acid ;  on  extracting  the  solution  with  ether,  and  distilling  off  the  ether  from  the 
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extract,  it  remains  m  a  syrup  ;  this,  when  exposed  over  snlphurio  acid,  gradaally 
dries  up  to  a  colourless  resin,  which  at  once  beooraes  green  when  moistened  with 
hydrochloric  acid  (Baeyer,  Deui,  chem.  Ges.  Ben,  x.  355).  Furfuraldehyde 
forms  a  crystalline  compound  with  hydric  sodic  sulphite ;  and  by  the  action  of 
sulphuretted  hydrogen  it  is  converted  into  ikkfurfurol,  C^H^O.CSH,  which  is  a 
white  crystalline  substance.  In  contact  with  ammonia  it  forms  furfuramid^t 
C„H,,N,0,=  3C,Hp,+  2NH3-30H,,  a  white  crystalline  neutral  body,  in- 
soluble in  water,  melting  at  117°  (242***6  F.)  (R.  Schiff),  which  is  at  on^e 
decomposed  by  acids  with  formation  of  furfuraldehyde  and  an  ammonic  salt, 
whilst  on  heating  it  at  120°  (248^  F.),  or  by  boiling  with  potassic  hydrate 
solution,  it  is  converted  into  the  isomeric  furfurine,  a  strongly  basic  substance. 
Fnrfurine  crystallizes  in  white  needles,  which  melt  at  116°  (240^*8  F.) ;  it 
yields  a  number  of  crystalline  salts,  such  as  the  hydrochloride, 'C^^H^^N^OgCl. 
On  treatment  with  acetic  anhydride  it  furnishes  a  monacetyl  derivative, 
CjjHj^(CjH,0)NjO,,  which  combines  with  6  atoms  of  bromine  (R.  Schiff,  ibid,,  x. 
1 186).  By  the  action  of  aniline  hydrochloride  and  aniline  on  furfuraldehyde  in 
alcoholic  solution,  furfuraniline  hydrochloride,  (?)  CjyHjgOjNjCl,  is  obtained,  in 
the  form  of  beautiful  purple-coloured  crystals.  Furfuraldehyde  is  not  affected  by 
hydrochloric  acid,  but  on  addin^r  this  acid  to  a  mixture  of  phenol  with  the 
aldehyde,  a  blue  colour  is  produced,  which  becomes  green  on  dilution  with  alcohol, 
a  condensation  product  being  formed  (Baeyer).  On  heating  furfuraldehyde  with 
acetic  anhydride  and  sodic  acetate,  <&c.,  it  is  converted  into  furfaracrylic  acid : 
C,H,O.COH  +  CH,COOH  =  C,H,aCH=zCH.COOH  +  OH,  (Baeyer,  loc.  cit, 
and  ibid.,  695,  1358). 

The  most  satisfactory  expression  of  the  constitution  of  furfuraldehyde  appears 
to  be  afforded  by  the  following  formula,  the  arguments  for  the  adoption  of  which 
will  be  discussed  under  pyroinucic  acid : 

HC  CH 

I  I 

HC  CH 

(1663)  FUCFSALDBHYDE  or  /3-PrBOMUCIC  ALDBHTDS  ;  fuCUSol  :  C^H^O^  = 

C^HjO.COH. — This  inomeride  of  furfuraldehyde  is  formed  on  distillation  of  sea- 
weed— e,g,,  Fucus  nudosus,  vesiculatus,  serrattis,  <&c.,  with  dilute  sulphuric 
acid ;  and  is  perhaps  also  produced  on  similar  treatment  of  some  mosses  and 
lichens  (St^nhouse,  Ann.  Chem.  Pharm,,  xxxv.  301  ;  Ixxiv.  278 ;  B.  Soc, 
JProc.,  XX.  80).  Fucusaldehyde  boils  at  about  172°  (341  "'d  F.)j  it  resembles 
furfuraldehyde  in  most  of  its  properties,  but  appears  to  be  less  stable.  It  is 
converted  into  the  silver  salt  of  ^-pyromucic  acid  on  boiling  with  water  and 
argentic  oxide,  and  in  contact  with  ammonia  forms  fucusamide,  C^Hj^N^O,, 
which  by  boiling  with  potassic  hydrate  solution  is  transformed  into  the  isomeric 
fticusinet  which  is  distinguished  from  the  isomeric  furf urine  by  crystallizing  i^ 
small  laminse  united  in  stellate  groups ;  fucusine  yields  crystalline  salts  such  as 
the  nitrate  Ci,H„N,0,(NO,). 

(1664)  CiNNAMic  or  Phentlacbtlic  ALDEHYDE:  C^H^.CHzzCH.COH 
or  C.HgO. — This  aldehyde  forms  the  greater  portion  of  the  oils  of  cinnamon  and 
cassia,  in  which  it  occurs  along  with  a  small  quantity  of  hydrocarbons  (terpenes) ; 
it  may  readily  be  extracted  by  agitating  either  of  the  oils  wit;h  a  concentrated 
solution  of  sodic  or  potassic  hydric  sulphite,  separating  the  crystalline  mass,  and 
washing  it  with  alcohol.  When  this  is  decomposed  with  dilute  sulphuric  acid, 
the  aldehyde  separates  as  an  oil  which  may  be  washed,  dried,  and  distilled. 

Cinnamic  aldehyde  is  formed  on  oxidization  of  cinnamic  alcohol  (1483)  by 
oxygen  in  presence  of  platinum   black,  and  is  produced  synthetically  whenja 
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mixture  of  benzaldehvde  and  ethaldehyde  in  Haturated  with  hydrochloric  acid 
gas  :  C.H^.COH  +  CH,.COH  =  C.H^.CHlzCH.COH  +  OH,. 

It  is  H  colourleRH  oil,  heavier  than  water,  and  insoluble  in  it;  it  boils  at  about 
248°  (478^*4  F.),  being  slightly  decomposed,  and  readily  volatilizes  with 
vapour  of  water.  It  gradually  absorbs  oxygen  on  exposure  to  the  air,  being 
converted  into  cinnamic  acid ;  the  more  powerful  oxidizintr  agents  convert  it 
into  benzoic  aldehyde  and  benzoic  acid.  When  submitted  to  the  action  of 
ammonia,  it  yields  crystalline  hydrocinnamide,  C^yH^^Nj.  By  heating  it  with  acetic 
anhydride  and  sodic  acetate  and  the  homologous  compounds,  Perkin  has  obtained 
a  series  of  aciils  such  as  cinnamenylacnflic  acid,  C^H,.CH~C1I.CH~CH.C00H 
(Journ.  Chem.  Soc.,  1877,  i.  403). 

(1665)  Dij»nENETHA.LDEHYDE ;  CH(CgHJ^.COH,  is  formed  together  with 
diphenylethylenic  oxide  on  distillation  of  hydrobenzoin  and  isohydrobenzoin  with 
dilute  sulphuric  acid  ;  it  is  a  colourless  oil,  yielding  diphenylketone,  CO(CgHj),, 
on  oxidation  (Zincke,  Deut.  chem.  Ges,  Ber.,  ix.  1769). 

(1666)  NAPHTHOIC  ALDEHYDES:  Cj^HgO  =  C,^Hy.COH. — When  a  mix- 
ture of  the  calcic  salts  of  a-  and  /3-naphthoio  acids  is  distilled  with  calcic 
formate,  a  mixture  of  the  corresponding  aldehydes  is  obtained.  The  pure 
/ij-aldehyde  is  formed  together  with  much  naphthalene  when  pure  /3-naphtho&te 
is  employed,  but  the  a-aldehyde  cannot  be  prepared  from  the  pure  a-naplithoate, 
prub-ibly  owing  to  the  comparatively  low  temperature  at  which  the  salt  decomposes. 
aSaphthoir  aldehyde  is  an  oily  liquid,  boiling  at  about  280®  (536"  F.),  but  it 
cannot  be  distilled  alone  without  decomposition.  ^Naphthmc  aldehyde  crys- 
tallizes in  lustrous  plates,  which  melt  at  59°*5  (139°'!  F.);  it  is  only  very 
slightly  soluble  in  cold  water,  but  readily  in  alcohol  and  ether  (Battershall,  Ann, 
Chem,  F harm.,  cljLwiu.  114), 

§  Y.    DiALDEHYDES. 

The  only  dialdeliydes  at  present  known  are  oxalic  aldehyde 
or  glyoxal,  COH.COH,  succinic  aldehyde,  C2H4(COH)2,  and  the 
isomeric  phthalic  and  terephthalic  aldehydes,  CgH^(COH)g. 

(1667)  Oxalic  alvbrydh  ;  glyoxal :  C2HjOj  =  COH.CQH.— This  alde- 
hyde bears  the  same  relation  to  glycol  and  oxalic  acid  that  ethaldehyde  does  to 
eth^'lic  alcohol  and  acetis  acid.  It  was  discovered  by  Debus  in  1856,  when 
examining  the  products  of  the  action  of  nitric  acid  on  ethylic  ale  thol,  being 
formed  together  with  glycollic  acid,  CHj(OH).COOH,  glyoxylic  acid, 
CH(OH),.COOH,  and  oxalic  acid,  COOH.COOH,  &c.  Glyoxal  is  obUined  from 
the  neutral  liquid  remaining  after  the  separation  of  these  acids  as  calcic  salts 
(v.  glyoxylic  acid),  by  evapoi*atiug  it  to  a  syrup  and  mixing  the  residue  with 
several  tiroes  its  volume  of  a  concentrated  solution  of  hydrio  sodic  sulphite ; 
afler  a  time,  the  sides  of  the  vessel  become  covered  with  a  white  crystalline  crust 
of  the  compound  of  the  aldehyde  with  the  acid  sulphite  [CH(OH).SO,Na],  +  OH,  ; 
this  may  be  purified  by  dissolving  it  in  the  smallest  possible  quantity  of 
boiling  water,  and  allowing  the  solution  to  cool  quickly.  This  compound  is  con- 
verted into  the  barium  salt  by  mixing  a  concentrated  solution  with  baric  chloride 
solution ;  the  barium  salt  is  then  exactly  decomposed  with  sulphuric  add,  and 
the  filtrate  from  the  baric  sulphate  evaporated  to  dryness.  The  aldehyde  cannot 
be  separated  by  means  of  sodic  carbonate,  as  on  adding  this  salt  the  liquid 
becomes  yellowish-brown,  and  a  dark-coloured  precipitate  is  produced.  According 
to  Lubavin  {Deut,  chem.  Ges,  Ber.,  viii.  768;  Wyss,  ihid.,ji,  '^3^$)^  it  is  far 
more  advantageous  to  employ  a  mixture  of  equal  pirts  of  ethaldehyde  atd  water 
than  alcohol:  TOO  parts  of  ethaldehyde  yielding  from  45  to  100  of  the  com- 
pound of  glyoxal  with  hydric  sodic  sulphite. 
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Oxalic  aldehyde  is  a  transparent,  amorphous,  deliqaescent  substanoei  extremely 
soluble  in  water,  alcohol,  and  ether.  It  reduces  an  ammpniacal  solution  of  a 
silver  salt  with  great  facility  ;  a  small  quantity  of  very  dilute  nitric  acid  converts  it 
into  glyoxylic  acid,  CH(OH)j.COOH,  while  by  a  larger  quantity  even  of  the 
very  dilute  aoid  it  is  converted  into  oxalic  acid.  Alkalies  convert  it  even  in  the 
cold  into  the  corresponding  salt  of  glycolio  acid,  CHJ0H).C00H.  On  passing 
ammonia  into  its  ethereal  solution,  a  white  precipitate  is  ibrmed,  apparently  con- 
sisting of  the  compound  with  ammonia,  but  when  it  is  submitted  to  the  action 
of  strong  aqueous  ammonia,  glyoxaline,  C^H^Nj,  and  glycosine,  C^H^N^,  are  pro- 
duced, the  former  being  the  chief  product.  Glycosine  is  produced  merely  by  the 
separation  of  the  elements  of  water :  3CjO,H,  +  4NH3  =  C^H^N^  +  60Hg.  but  the 
formation  of  glyoxaline  is  accompanied  by  that  of  formic  acid ;  2Cfifi^  +  2NHj,  = 
CgH^N,  +  HCOOH  +  2OH,  (Debus,  j4ii«.  Chem,  PharntyOVi.  20;  cvii.  199; 
ex.  316;  cxviii.  253).  Glycosine  is  nearlj'insoluble  in  cold,  sparingly  soluble 
in  hot  water  ;  it  may  be  sublimed  by  careful  heating,  forming  a  bulky  sublimate 
consisting  of  needle-shaped  cryrttals ;  it  dissolves  in  hydrochloric  axsid  solution, 
yielding  a  crystalline  hydrochloride  ;  and  also  dissolves  in  sodic  hydrate  solution 
on  boiling.  Glyoxaline  is  very  soluble  in  water,  and  the  solution  is  strongly 
alkaline.  According  to  Wyss  (loc.  cit.)  it  crystallizes  in  large  -glistening 
prisms,  which  melt  at  about  88**  (i90°*4  F,),  and  it  boils  constantly  at  255° 
(491°  F.).  Its  vapour  density  corresponds  with  the  formula  C^H^Nj.  It  is 
not  acted  upon  by  acetic  chloride  or  anhydride,  or  b}'^  benzoic  chloride ;  but  when 
it  is  warmed  with  ethylio  bromide,  a  single  atom  of  hydrogen  is  displaced  by 
ethyl,  and  the  resulting  compound  unites  with  a  molecule  of  the  bromide.  It 
is  entirely  decomposed  by  potassic  permanganate,  but  is  not  affected  by  chromic 
acid ;  reducin;^  agents  are  without  action.  Bromine  converts  it  into  trihromo- 
glyoxaline^  CgHBr^jNg,  which  exhibits  marked  acid  properties,  dissolving  in 
alkaline  solutions,  from  which  it  is  precipitated  unchanged  on  the  addition  of  an 
acid  ;  by  the  addition  of  salts  of  the  heavy  metals  to  solutions  of  the  alkali  metal 
derivatives,  white  insoluble  or  difficultly  soluble  precipitates  of  the  corresponding 
metallic  derivatives  are  produced.  The  silver  derivative,  C,AgBrgN,,  is  remarkable 
for  its  stability ;  by  digesting  it  with  methylic  or  ethylic  iodide,  methyl-  and  ethyl- 
tribromoglyoxaline  are  obtained.  A  silver  derivative  of  glyoxaline,  CjA.gIIjjN2, 
'is  obtained  as  a  white  voluminous  precipitate  on  adding  argentic  nitrate  to  its 
aqueous  solution ;  and  from  this  compound  corresponding  methyl  and  ethyl 
derivatives  may  be  prepared  by  the  action  of  methylic  and  ethylic  iodides.  From 
these  observations  Wyss  concludes  that  glyoxaline  and  its  silver  and  bromo- 
derivatives  are  most  probably  represented  by  the  following  formulse: 


HCj,  HC  BrC 

|>  l>  l> 

I  I  I 

HCrNH  HCHNAg  BrClZNrt 

Glyoxaline.  Silver  glyoxaline.  Tribromo^lyoxaline. 


According  to  Schiff((Ta«.  chim,  ital.,  iv.  16),  when  hydrochloric  acid  gaa  is 
passed  into  a  solution  of  glyoxal  in  acetic  acid,  and  the  mixture  is  allowed 
to  stand,  it  deposits  a  white  crystalline  powder  very  similar  to  potato-starch 
in  appearance.  This  compound,  hydrohexaglyoxal,  Cj^H^^O^,,  is  formed  by  the 
condensation  of  6  mols.  of  glyoxal,  and  the  assimilation  of  i  mol.  of  water ;  it  is 
destitute  of  aldehydic  character,  however,  but  appears  to  contain  a  single  OK 
fi^roup,  as  it  yields  a  monaceto-derivative  when  treated  with  acetic  anhydride. 
It  is  almost  insoluble  in  all  ordinary  solvents,  and  is  a  bjdy  of  great 
stability. 
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(1668)  Succinic  aldehyde:  C.H^O,  =  CH,(C0H).CH,(C0H).  —  Thw 
aldehyde  is  prodaced  by  the  action  of  sodium  amalgam  on  a  mixture  of  anocinic 
chloride,  acetic  acid,  and  ether.  It  is  liqaid  and  soluble  in  water,  and  boila  at 
about  202®  (395^*6  F.).  It  forma  a  crystalline  compound  with  hydric  sodic 
sulphite;  oxidizing  agents  convert  it  into  succinic  acid;  on  heating  it  with 
baric  or  calcic  hydrate  and  water  the  corresponding  salt  of  normal  oxybntyrie 
acid,  CH,(OH).CH,.CH,.COOH,  is  formed  (A.  Saytzeff,  Ann,  Ckem.  Pkarm., 
chad,  251.) 

(1669)  Phthalic  ALDEHYDE:  C.H.O,  =  (P)  C,H/COH),.— This  aldehyde 
is  formed  when  phthalic  chloride  is  digested  with  zinc  and  dilute  hydrochloric  acid 
(Kolbe  and  Within,  Joum.  Chem.  80c.,  xiz.  339),  or  with  magnesium  and 
acetic  acid  (Baeyer),  and  is  best  prepared  by  the  former  method,  using  an  ethereal 
aolutien  of  the  chloride  (Baeyer,  Deut,  ckem.  Qes,  Ber,,  x.  123  ;  Hesaert,  Md,, 
1445).  ^^  crystallizes  in  small  rhombic  plates,  melting  at  65°  (149*^  F.),only 
slightly  soluble  in  cold,  but  more  readily  in  hot  water ;  it  is  readily  oxidized  to 
phthalic  acid  by  an  alkaline  solution  of  potansic  permanganate.  Like  the  aldehydes 
generally,  it  forms  a  crystalline  compound  with  hydric  sodic  sulphite.  Alkalies 
readily  transform  it  into  phthalaldehydic  acid,  C^HgO,,  which  on  mere  boiling 
with  water  is  reconverted  into  the  aldehyde.  By  the  action  of  sodium  amalgam 
on  its  alcoholic  solution,  a  crystalline  compound  of  the  formula  0^^H^,O^  = 
C,H,(CH,.OH).CH(OH).CH(OH).C.H^(CH,.OH)  is  produced,  together  with  a 
non-crystalline  body  which  perhaps  is  the  compound  C^U^(COH).CH,.OH. 

(1670)  Tebephthalic  aldehydc  C,H,0,  =  C,H^(COH),(COH : 
COH  =  1:4. — According  to  Grimaux  {Compt.  J^»d^.,lzxxiii.  82  5),  this  aldehyde  is 
formed  on  heating  the  dichloroparaxylene  of  the  formula  C,H^(CH,C1),  with 
plumbic  oxide  and  water.  It  crystallizes  in  long,  slender,  colourless  needles, 
which  melt  at  about  114°  (237**'2  F.). 


CHAPTER   IX. 

TBB    KETONES. 

§  1.  Ketones  of  the  CO{C^H^^^\  Series ,— ^  II.  Ketones  of 
the  C^H,^^yCO,C^H^_^  and  CO(C^H^_^\  Series;—^  III. 
Ketones  of  other  Series.  Camphor ; —  ^  IV.  Quinones  ; — - 
^  Y.  Sulphines  and  Sulphones, 

The  ketones  are  closely  relaied  in  their  properties  to  the 
aldehydes^  and  may  be  regarded  as  derived  from  them  hj  the 
displacement  of  the  hydrogen  of  the  group  COH  characteristic 
of  the  aldehydes  by  hydrocarbon  radicles;  they  may  also  be 
regarded  as  compounds  of  carbonic  monoxide  with  hydrocarbon 
radicles^  or  as  formed  by  the  displacement  of  the  OH  groups  in 
carbonic  acid,  C0(0H)2,  by  hydrocarbon  radicles ;  and  they  bear 
a  similar  relation  to  the  secondary  monohydric  carbinols  that 
the  aldehydes  do  to  the  primary  monohydric  carbinols^  being 
formed  from  them  on  oxidation  in  precisely  the  same  manner  as 
the  aldehydes  are  from  the  primary  carbinols ;  thus ': 
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R'.CH,(OH)       R'.COH       R',.CH(OH)       R',.CO 

Primary  carbinol.  Aldehyde.  SeooDdary  carbinol.  Ketone. 

With  few  exceptions,  the  ketones  at  present  known  all  correspond 
to  the  general  formula  COR'j^ :  that  is  to  say,  they  consist  of 
only  monad  radicles  associated  with  the  group  CO. 

(1671)  Formation. — i.  By  oxidation  of  the  secondary  mono- 
hydric  carbinols^  which  may  be  represented  as  occurring  in  the 
following  manner : 

RVCH(OH)    -f.   (O  +  OH3)  =  RVC(0H)3   +  OH^; 
RVC(0H)2   =  R^.CO   -h   OH3. 
(CH3)2.CH(OH)    +    (0  +  OH,)   =   (CH3),.C(OH)3   +   OH,; 

Dimethyl  carbinol. 

(CHj),.C(OH),  =  (CH,),.CO   +   OHg. 

Dimethyl  ketone. 

2.  By  distillation  of  the  metallic  salts  of  the  acids,  and  par- 
ticularly of  the  baric  or  calcic  salts^  either  alone  or  mixed  with 
that  of  another  acid,  this  method  being  more  especially  appli- 
cable to  the  preparation  either  of  ketones  containing  only  radicles 
of  the  C^Hjo+i  scries,  or  a  radicle  of  that  series  in  association 
with  an  isologous  radicle ;  the  reaction  is  precisely  analogous  to 
that  which  takes  place  in  the  formation  of  aldehydes  by  distil- 
lation of  the  salts  of  acids  with  a  formate^  the  group  OH  of  the 
COOH  group  in  the  acid  becoming  in  the  one  case  displaced  by 
hydrogen,  and  in  the  other  by  a  hydrocarbon  radicle  : 

(R'.COO),Ca  =   R'g-CO   +   CaCOj. 

Calcic  salt  of  acid.  Simple  ketone. 

(CHj.COO),Ca  =   (CH,)j.CO   +   CaCO,. 

Ctldo  ueUte.  Dlmatlvl  ketona. 

(R'.COO),Ca  +  (/r.COO)jCa  =   aR'.CO.R'   +   aCaCO,. 

Calcic  talt  of  acid.        Calcic  salt  of  iBomeric,  Mixed  ketone, 

homologous  or  laolo^us  acid. 

(C,H,.COO),Ca  +  (CHj.COO),Ca  =  2C,H,.C0.CH,  +  aCaCO,. 

Calcic  bensoate.  Caldo  acetate.  Phenylmethyl  ketone. 

3.  By  the  action  of  the  zinc  organo-metallic  compounds  on 
acid  chlorides,  the  product  being  at  once  treated  with*  water. 
This  method  has  hitherto  only  been  applied  to  the  preparation  of 
simple  and  mixed  ketones  of  the  (CnHjj„^.^)j,CO  series,  and  of 
mixed  ketones  containing  a  radicle  of  the  CnH^^^  series  in 
association  with  an  isologous  radicle. 

According  to  Pawlow's  recent  experiments  (Ann.  Chem.  Pharm,,  chczzTiii. 
104),  the  reaction  takes  place  in  the  manner  suggested  hy  Wagner  and  Saytzeff 
{pomp.  p.  412),  thus: 

E'.COCl  +   Zn(C„Hto+,),   =   R'.C(C«H,„+0(O.ZnC„H^+,)Cl 

the  product  at  this  stage  heing  decomposed  on  treatment  with  water  in  aopq;rdanoe  ^ 
with  the  following  equations :  Digitized  by  VjOOQ IC 
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K'.C(C„H,„^;)(O.ZnC„H^„)Cl   +    2OH,  = 

E'.C(C.H,„^,)(0H)C1   +   Z.i(OH).  +    CJl^^,: 
R'.C(C„H^«)(0H)C1   =   R'.CO.C„H„^,  +   HCl, 

But  the  product  of  the  first  action  may  be  directly  converted  into  the  ketone  by 
the  action  of  a  further  quantity  of  the  acid  chloride  (Pawlow)  : 

Il'.C(C^H,„+,)(O.ZnC„H,„+i)Cl   +    R'COCl  =    2R'.C0.C„H,„^i    +   ZnCl,, 

HO  that  the  amounts  of  acid  chloride  and  zinc  organo-metallic  compound 
required  for  the  formation  of  the  ketone  would  appear  to  be  in  the  proportion  of 
2R'.C0C1 :  Zn(CnHjn  +  i), ;  Pawlow  finds,  however,  that  it  is  often  advautag«oas 
to  employ  an  exccHs  of  the  zinc  compound,  especially  in  the  preparation  of  ketones 
containing  tertiary  radicles  of  the  form  C(CRHjn+  j),  {pinacolini),  tlie  most 
favourable  proportions  being  about  i  niol.  R/COCl  to  ij  mols.  Zn(CnHjn+  i)|- 

4.  By  the  action  of  carbonic  monoxide  on  the  sodium 
organo-metallic  compounds  (Wanklyn) ;  as  only  the  radicles  of  the 
Cnllgn+j  series  are  known  to  combine  with  sodium,  this  method 
is  restricted  to  the  formation  of  ketones  of  the  CO(CnH2n+i)3 
series : 

CO   +   2NaCJI,„^i  =   CO(C„H,„^i)j  +   ^Na. 
CO  +   2NaCjHj  =   CO(C3H5)j  +   aNa. 

Sodic  cthide.  Diethyl  ketone. 

5.  By  the  action  of  acid  chlorides  on  hydrocarbons  in 
presence  of  aluminic  chloride  (Friedel  and  Crafts,  Compt,  Rend., 
Ixxxiv.  139:2.  1450 ;  Ixxxv.  74) ;  for  example  : 

C«H,   +  C,H,.C0C1  =   C,H,.CO.C,H,   +  HCl. 

Beuiene.  Bezoic  chloride.  DipheDjl  ketone. 

Other  chlorides,  such  as  zincic  and  ferric  chloride,  exert  a  similar  influence, 
and  not  only  organic  acid  chlorides,  but  also  the  chlorinated  as  well  as  bromi- 
nated  and  iodated  derivatives  of  hydrocarbons  having  the  halogen  associated 
with  carbon  atoms  forming  part  of  an  '*  open  chain"  in  like  manner  enter  readily 
into  reaction  with  hydrocarbons,  considerable  heat  being  developed  in  most 
cases.  Thus  on  passing  methylic  chloride  into  a  warm  solution  of  abiniinio 
chloride  in  benzene,  mono-,  di-,  tri-,  and  even  tetramethylated  benzenes  are 
formed  ;  similarly,  benzylic  chloride  and  benzene  yield  di-  and  triphenylmethaiie, 
as  well  a^  other  products  not  yet  investigated ;  and  by  the  action  of  aluminic 
chloride  on  a  mixture  of  benzene  and  tetrachloromethane,  tetraphen3*lm ethane, 
C(CgHJ^,  is  produced.  Chlorobenzene,  however,  is  entirely  without  action  on 
benzene  in  presence  of  aluminic  chloride.  The  manner  in  which  the  metallic 
clilorideM  act  is  at  present  obscure,  however ;  Friedel  and  Crafts  suppose  that  an 
aluminic  compound  is  first  formed  by  the  action  of  the  aluminic  chloride  on  the 
hydrocarbon,  which  then  enters  into  reaction  with  the  haloid  organic  oonijMund, 
aluminic  chloride  being  regenerated;  thus: 

C„n,    4.    Al.Cl,   =    C,H,.A1,C1,   +   HCl; 
C.H,.A1,C1,   +    C,11,.C1I,C1  =    C,1I,.CH,.C.H,   +   AlA- 

The  discovery  of  this  property  of  certain  metallic  chlorides  of  inducincj,  as  't 
were,  the  foi*mation  of  haloid  acid  is  of  much  interest,  and  serves  to  throw  li^ht 
on  tlie  production  of  hydrocarbons  by  Zincke's  method  (P^^C^^f^S^]^^  of  a 


167 1.]  FORMATION    OP    KETONES.  773 

complex  mixtare  of  olefines  and  paraffins  on   distilling    fermentation    amylid 
alcohol  with  zincic  chloride  (p.  194). 

6.  By  heating  acids  of  the  benzoic  and  naphthoic  series  with 
hydrocarbons  such  as  benzene  and  naphthalene  and  phosphoric 
anhydride,  whereby  under  the  dehydrating  influence  of  the 
anhydride  the  OH  of  the  COOH  group  of  the  acid  beconcies 
separated  together  with  an  atom  of  hydrogen  from  the  hydro- 
carbon ;  thus : 

C,H,   -h  C.H^.COOH   +   PA   =   {C,H,),CO  +   c^nVO,. 

7.  By  oxidation  of  the  acids  of  the  lactic  series,  and  of 
other  oxy-acids  of  the  general  formula  R'jjC(OH).COOH;  for 
example : 

(CH3)2C(OH).COOH  +  (O  +  OH3)  =  (CR^^CiOll)^  +  H3CO3 ; 

Oijisobutyric  acid. 

(CH,),C(OH),  =  (CH,),CO  +   OH,. 

Dlmethjl  ketone. 

8.  By  the  action  of  alkalies  on  ethylic  acetoacetate  and 
allied  compounds ;  thus  : 

CH,.CO.CH,.COOC,H,  +    Ba(OH),    =    CH,.CO.CH,  +  BaCO,  +  C.H^.OH. 

£thylie  acetoacetate.  Dimethyl  ketone. 

This  method  is  perhaps  one  of  the  most  geoerally  available  for  the  preparation 
of  ketones.  Ethylic  acetoacetate  is  a  product  of  the  action  of  sodium  on  ethyliu 
acetate  (q.  v.)  ;  when  treated  with  sodium,  it  yields  a  monosodium  derivative, 
CH,.CO.CHNa.COOCjHj,  from  which  by  the  action  of  monohaloid  hydrocarbon 
derivatives  a  variety  of  compounds  of  the  form  CHj.CO.CHR'.COOCjH^  may  be 
obtained,  which  all  yield  ketones  of  the  form  CH,.CO.CH,R'  on  decom- 
position with  alkali;  and  by  the  action  of  sodium  and  then  of  monohaloid 
hydrocarbon  derivatives  on  these  compounds,  a  series  of  bodies  of  the  form 
CHj.CO.CR'i^.COOCjHj  are  produced,  which  also  furnish  corresponding  ketones 
CHj.CO.CHR'^.  Ethylic  propionate  may  in  a  similar  manner  be  converted 
into  the  compound  CH,.CH,.CO.CHj,.CH,.COOC,H,  (Hellon  and  Oppenheim), 
from  which  doubtless  a  series  of  ethylated  ketones  are  derivable. 

9.  By  distilktion  of  the  glycols  formed  by  hydrogenation  of 
the  ketones  with  sulphuric  acid ;  for  example : 

(CH,),C(OH).C(CH,),.OH   -   OH,  =  CH,.CO.C(CH33). 

Tetramethyl  glycol  (pinaoone).  Methyl  tertiary-batyl  ketone  ^inaoolln). 

The  formation  of  ketones  in  this  manner,  however,  is  obviously  the  result  of 
isomeric  change,  and  it  is  only  quite  recently  that  some  light  has  been  thrown 
on  the  manner  in  which  this  takes  place  by  the  experiments  of  Thorner  and 
Zincke  (Deut  chem.  Gen,  Ber.,  ix.  1738,  1761).  According  to  Thorner,  two 
isomeric  compounds  are  formed  simultaneously  from  diparatolyl-diphenyl  ketone, 
one  being  a  derivative  of  ethyienic  oxide  and  the  other  a  ketone,  and  of  these  the 
former  is  readily  converted  into  the  latter  by  merely  warming  with  benzoic 
chloride  or  heating  with  acids;  thus: 
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(0H)C(C.HJ(C.H..CH.)       /C(C^^C.H..CH.)        ,  C.H. 

0       I  CO 

(OH)C(C.H.)(C.H,.CHJ      ^C(C.H^(C.H..CH,)        '  qc  HJ(C.H,.CH^. 

Dttolyldiphenyl  glyco'.  DitolyldipheDethylemc  oxide.  Ketooe. 

Tbe  gljcold  formed  by  bydrogenation  of  tbe  aldehydes  apparently  exhibit  a 
similar  behaviour,  as  the  so-called  hydrobenzoin  and  isohydrobenzoin  yield  both 
an  ethylenio  oxide  derivative  and  an  aldehyde  (Zincke) ;  thus : 

(OH)CH.C,H,  ^CH.C,H,  CH(C,H,), 

I  <<l  I 

(OH)CH.C.H,  ^CH.C.H  COH 

Qydro-  and  iaohydrobenxoin.  Diphenethylenic  oxide.  Diphenetbaldehjde. 

The  formation  of  derivatives  of  ethylenio  oxide  in  this  manner  is  perfectly 
normal,  being  analogoos  to  that  of  ethylenic  oxide  itself  from  glycol ;  their 
conversion  either  into  an  aldehyde  or  a  ketone  is  the  oonseqaence  of  the  trans- 
ference of  the  hydrocarbon  radicle  to  a  contignoas  carbon  atom,  so  to  speak,  in 
exchange  foe  oxygen,  and  is  a  further  illustration  of  the  accumulation  of  hydro- 
carbon radicles  leading  to  the  production  of  more  stable  compounds,  of  which 
several  instances  have  been  previously  described  (pp.  399, 442). 

10.  By  heating  dihaloid  hydrocarbon  derivatives  of  the 
form  CCljRj  with  water ;  for  example  : 

CC1,(C,H,),  +   OH,  =  CO(C,H,),  +  aHCl. 

Diphenyldlohloromethaae.  Diphenyl  ketone. 

IT.  Ketones,  and  espiecially  dimethyl  ketone  .or  acetone^ 
are  often  obtained  as  products  of  the  dry  distillation  of  complex 
highly  oxygenated  bodies  such  as  sugar,  and  of  wood. 

(167a)  Properties, — i.  The  majority  of  the  ketones  are 
volatile  liquids,  difficultly  soluble  or  insoluble  in  water;  they 
are  much  more  stable^  and  less  liable  to  change  and  to  enter  into 
reaction  with  other  bodies  than  the  aldehydes,  and  especially  do 
not  exhibit  the  tendency  to  polymerize  which  is  so  characteristic 
of  many  of  the  latter ;  they  also  oxidize  much  less  readily,  being 
without  action  on  an  ammoniacal  solution  of  a  silver  salt. 

2.  When  submitted  to  the  action  of  nascent  hydrogen,  they 
yield  a  mixture  of  a  monohydrij  secondary  carbinol,  and  of  a 
dihydric  alcohol  (so-called  pinacone)  :  • 

R'.C(OH) 
R' .CO  +  HH  =  RVCH(OH)  ;  aR'-CO  +  HH  =         I 

RVC{OH) 
CH3.CO.CH3   +    HH   =   CH3.CH(OH).CH3. 

Dimethyl  ketone.  Dimethyl  carbiuol. 

a(CH3)3.CO  +    HH   =  (CH3),C(OH).C(OH)(CH3),. 

Dimethyl  ketone.  Tetrametbyl  glycol. . 

The  proportion  in  which  the  two  compounds  are  formed  depends  mnoh  on 
the  conditions  of  experiment.  According  to  Friedel,  if  an  aqueous  solution  of 
acetone  be  treated  with  sodium  amalgam,  isopropylic  alcohol  is  almost  exclusively 
produced,  but  if  the  amount  of  ketone  dissolved  be  diminished  by  adding  potaasio 
carbonate  to  the  water,  the  glycol  is  the  chief  product. 
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3.  The  ketones  do  not  furnish  corresponding  acids  on  oxi- 
dation^ hut  are  decomposed  into  products  containing  fewer  carhon 
atoms ;  it  has  been  shown,  chiefly  by  Popoff,  that  one  of  the 
hydrocarbon  groups  always  remains  in  combination  with  the 
CO  group,  and  forms  by  assumption  of  OH  the  corresponding 
acid,  whilst  the  other  is  split  off  and  separately  oxidized.  For 
example : 
CH  .CO.CH,.CH,.CH,  +  3(0  +  OH^  =  CH,.COOH  +  CH,.CH  COOH  +  3OH,. 

Hethjlpropyl  ketoae.  Acetio  add.  Propionio  acid. 

CH,.CO.CH,   +   3(0  + OH.)   =   C,H,.COOH   +    HCOOH   +    3OH,. 

Hethjlphenjl  ketoue.  Bensoiu  add.  Fonnio  add. 

Apparently  it  is  always  the  less  stable  radicle  which  is  thus  split  off,  and 
the  product  or  products  of  the  oxidatiou  of  this  radicle  are  identical  with  those 
obtained  on  oxidation  of  the  oorrei^ponding  alcohol :  it  may,  in  fact,  be  supposed 
that  the  ketones  are  in  the  first  instance  resolved  into  an  acid  and  an  alcohol  on 
oxidation  in  the  manner  shown  by  the  general  equation : 

R'.CO.E'   +   (0  +  OHJ  =   E'.COOH   +    R'.OH ; 
Ketone.  Add.  Alcohol. 

the  alcohol  being  then  at  once  further  oxidized. 

If  both  radicles  are  of  the  same  type — that  is  to  say,  if  both  are  normal  or 
iso-primary,  secondary  or  tertiary — but  contain  a  different  number  of  carbon 
atoms,  the  radicle  which  is  split  off  is  always  that  which  contains  the  greater 
number  of  carbon  atoms.  From  ketones  containing  radicles  of  different  types, 
however,  if  they  belong  to  the  CO(CnHs„  4. ,),  series  and  contain  a  normal  and 
iso-primary  radicle,  the  iso-primary  is  removed ;  while  from  those  containing  a 
normal  or  iso-primary  associated  with  a  normal  or  iso-secondary  radicle,  the  normal 
or  iso-secondary  radicle  is  split  off;  and  those  which  contain  a  normal  and  an 
iso-secondary  radicle  lose  the  latter.  The  behaviour  of  ketones  of  this  series 
containing  identical,  isomeric  or  homologous  normal  primary  or  isoprimary  radi- 
cles, may  therefore  be  briefly  expressed  by  the  general  equation : 

C,H„+,.CH..CO.CH,.C„H^  +  .   +   3(0  +  0HJ  = 

tfumial  or  iau-primary  ketone. 

C,H^+,.CH,.COOH  +  C„H.„+   COOH  +   3OH,. 

Primary  add.  Add. 

where  n  and  m  may  have  the  same  or  different  values,  the  nature  of  the  acid  or 
acids  obtained  depending,  of  course,  on  the  nature  of  the  radicles. 

The  behaviour   of  ketones  containing   identical,   isomeric   or  homologous 
normal  secondary  or  isosecondary  radicles,  may  in  a  similar  manner  be  exhibited 
by  the  equation : 
(C.H„  +  .).CH.CO.CH(C„H^  +  ,).   +    2(0  + OH.)   = 

Normal  or  iao-ieoondary  ketone. 

(C.H^+.).CH.COOH   +    CO(C„H^  +  ,).  +   20H.; 

Seoondaiy  add.  Ketone. 

whilst  the  following  expression  indicates  the  nature  of  the  oxidation  products  of 
ketones  containing  a  normal  primary  or  isoprimary  radicle  associated  with  a 
normal  secondary  or  isosecondary  radicle : 
C„H^+  CH..CO.CH(C„H^+,).   +   (O  +  Off.)   = 

Normal  or  iso-priuiary  normal  or  ieo-eeoondary 


ketone. 


C„H^  +  ^.CH,.COOH  +    CO(C^Hto+,),   +   OH.. 
Primary  add.  Ketone.  /<-^  i 
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The  ketoncB  containing  tertiary  radicles  of  the  CnHj^  ^/series  associated 
with  normal  primary  radicles  of  the  same  series,  which  are  almost  the  only 
ketones  with  tertiary  radicles  tliat  have  been  prepared,  behave  somewhat 
differently,  as  the  tertiary  radicle  remains  in  combination  with  the  CO  group, 
tlie  primary  radicle  being  split  off  and  separately  oxidized,  Bo  that  their  behaviour 
may  be  represented  by  the  equation : 

0(C„H^+,VCO.CH..C„H^  +  .   +   3(0  + OH,)   = 

Prunary  tertiary  ketone. 

C(C.H^+,),.COOH    +   C^H^+.COOH    +   sOH^ 

Tertiary  acid.  Acid. 

These  ketones,  in  fact,  closely  resemble  those  containing  radicles  snch  as  phenyl 
— i.e.,  in  which  the  CO  group  is  associated  with  a  carbon  atom  forming  part  of 
a  closed  chain — together  with  a  radicle  of  the  O^ta  +1  series,  from  which  the 
latter  is  always  split  off  and  separately  oxidized  ;  thus : 

CJT^.CO.C.H.   +    3(0  + OH.)    =   C.H.COOH   +    CH,.COOH    +   3OH.. 

Ethyl  phenyl  ketone.  Benzoic  acid.  Acetic  acid. 

In  those  cases  in  which*  the  methyl  group  is  split  off,  instead  of  formic  acid, 
which  is  the  normal  oxidation  product  of  this  g^oup,  carbonic  anhydride  and 
water  are  obtained,  owing  to  the  further  oxidation  of  the  acid;  the  lower  ketones 
formed  as  the  first  products  of  oxidation  of  the  ketones  containing  secondary 
radicles  also  very  readily  undergo  further  oxidation  at  the  moment  of  formation. 

The  behaviour  of  several  of  the  ketones  of  the  C0(C„H2n+i)j 
series,  when  oxidized  by  concentrated  nitric  acid,  is  somewhat 
peculiar,  substances  beiug  produced  which  apparently  are  mono- 
nitro-derivatives  of  acids  of  the  acetic  series.  Thus,  dipropyl 
ketone  yields  a  body  of  the  composition  of  nitropropionic  acid, 
C2H4(N02).COOH,  and  dibutyl  and  dipentyl  ketones  furnish  com- 
pounds bearing  to  them  a  similar  relation  in  composition  (com p. 
Schmidt,  Deut,  chem,  Ges,  Ber,,  v.  599). 

4.  Certain  of  the  ketones  form  crystalline  compounds  with 
the  acid  sulphites  analogous  to  those  furnished  by  the  aldehydes, 
but  this  property  is  only  common  to  those  which  contain  the 
group  CH3  associated  either  with  a  primary  or  secondary  radicle 
of  the  Cnllgn+i  series,  and  to  those  in  which  the  CO  group  is  not 
associated  with  a  carbon  atom  forming  part  of  a  closed  chain  ; 
those  which  contain  the  CH3  group  and  a  tertiary  radicle  of  the 
Cnlljjjj^i  series  or  a  radicle  such  as  phenyl,  tertiary-butylmethyl 
ketone  or  pinacolin,  C{CH3)3.CO.CH3,  and  phenylmethyl  ketone, 
CgH5.CO.CH3,  for  example,  do  not  form  such  compounds. 

5.  Dimethyl  ketone  or  acetone  unites  with  hydrocyanic  acid, 
forming  an  exceedingly  unstable  cyano-derivative,  which  on 
digestion  with  hydrochloric  acid  solution  is  conyerted  into  oxyiso- 
butyric  acid  : 

CH3.CO.CH3  +   HCN   =   (CH3)2C(OH).CN ; 

Dimethyl  ketone.  Cyanodimethyl  carbinol. 

(CHg),C(0H).CN  +  20H,  +  HCl  =  (CH3),C(0H).C00H  +  NHp, 

Cyaolsopropyllc  alcohol.  Oxyiaobatyric  vdd,^<~>  j 
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It  has   not   been  ascertained,  however,  whether  this  property  is 
common  to  all  the  ketones ;  probably  it  is  not. 

6.  Crystalline  compounds  with  ammonia  analogous  to  those 
furnished  by  the  aldehydes  have  not  been  obtained  from  the 
ketones,  but  many  of  them  appear  to  enter  into  reaction  with 
ammonia  somewhat  after  the  manner  of  the  aldehydes,  forming 
more  or  less  complex  basic  compounds  with  separation  of  the 
elements  of  water  (comp.  p.  780).  Amines^  such  as  aniline, 
which  are  violently  acted  upon  by  the  aldehydes,  are  unaffected 
by  the  ketones ;  and  they  are  not  known  either  to  combine  or  to 
form  condensation  compounds  with  the  acid  amides,  such  as  are 
readily  yielded  by  the  aldehydes.  By  the  action  of  ammonia  and 
sulphuretted  hydrogen,  and  of  ammonia  and  carbonic  bisulphide 
respectively  on  dimethyl  ketone,  crystalline  compounds  are  formed, 
which  apparently  are  the  analogues  of  thialdin  and  carbothialdin 
(p.  739),  but  this  property  has  not  been  observed  of  other 
ketones. 

7.  By  the  action  of  phosphoric  pentachloride  on  ketones,  the 
oxygen  is  displaced  by  the  equivalent  amount  of  chlorine  : 

CH3.CO.CH3    +    PCI5   =   CH3.CCI2.CH3   +    POCI3. 

Dimethyl  ketone.  d-Dichloropropane. 

The  pentabromide  has   a  similar  action  in  many  cases,  and  in 
others  acts  as  a  brominating  agent. 

8.  When  submitted  to  the  action  of  chlorine  or  bromine,  they 
furnish  haloid  substitution  derivatives.  Dimethyl  ketone  forms 
an  unstable  additive  compound  with  bromine,  but  this  has  not 
been  observed  to  take  place  with  other  ketones. 

9.  Their  behaviour  when  heated  with  alkalies  is  somewhat 
similar  to  that  on  oxidation,  one  of  the  hydrocarbon  radicles 
being  split  off  in  combination  with  hydrogen,  and  displaced  by 
the  residue  OM'  of  the  metallic  hydroxide  HOM',  so  that  a 
hydrocarbon  and  a  metallic  salt  are  produced  ;  thus  : 

C,H6.CO.C,H6  +    HOK  =   CgHg  +  C^Hg.COOK. 

Dipbenyl  ketone.  Benzene.  fienzolo  acid. 

Probably  the  radicle  which  is  split  off  is  the  same  as  is  removed 
and  separately  oxidized  on  treatment  with  oxidizing  agents. 

10.  The  ketones  undergo  condensation  under  the  influence  of 
various  reagents,  especially  hydrochloric  and  sulphuric  acid, 
although  much  less  readily  than  the  aldehydes. 

The  changes  are  apparently  of  a  precisely  nimilar  character  to  those  which 
result  in  the  I'ormalion  of  condensation  products  of  the  aldehydes  (comp.  p.  717). 
Thus  when  acetone  is  saturated  with  gaseous  hydrochloric  acid,  and  the  solution 
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allowed  to  stand  for  some  dayci,  two  ketones  resnlUng  from  the  condensation  of 
two  and  three  molecules  respectively  of  acetone  are  produced,  termed  mesityloxide, 
C^H^^O,  and  phorone,  C^H^^O;  the  formation  of  the  former  may  be  represented 
in  the  following  manner : 

CH,.CO.CH,   +   HCl   =   CH,CCl(OH).CH,; 
CH,.CCl(OH).CH,  +  CH,CO.CH,  =  (CHJ,C— CH.CO.CH,  +  OH,  +  HQ; 

and  the  latter  may  be  regarded  as  formed  in  a  precisely  similar  manner  from  the 
former  and  acetone.  Again,  when  acetone  is  carefully  distilled  with  concentrated 
sulphuric  acid,  mesitylozide  and  the  modification  of  trimethylbenzene  known  ae 
mesitylene  are  obtained,  this  hydrocarbon  being  probably  the  product  of  the 
interaction  of  several  molecules  of  the  compound  formed  by  the  union  of  the 
acetone  with  the  acid ;  thus  : 

CH,.CO.CH,   +   H,SO,  =  CH,.C(OH)(HSOJ.CH,; 
3CH,.C(0HXHS0J.CH,   =^   C.H.(CHJ,   +   3OH,  +   3H,S0,. 

Condensation  products  are  also  obtained  by  the  action  of  sodium,  calcic  oxide» 
zincic  chloride,  the  zinc  organo-metallic  compounds,  <&c. ;  and  by  acting  on 
mixtures  of  ketones  with  hydrochloric  and  sulphuric  acids,  ^c,  compounds 
homologous  with  mesityloxide  and  with  mesitylene  may  be  produced.  Apparently 
the  condensation  of  the  ketones  requires  the  presence  of  a  very  much  larger 
amount  of  the  condensing  agent  than  suffices  to  induce  similar  changes  in  the 
case  of  the  aldehydes.  Thus,  if  methylphenyl  ketone,  CH^CO.C^H^,  be  merely 
saturated  with  hydrochloric  acid  gas,  no  change  takes  place,  but  if  it  be  super- 
saturated, and  the  mixture  allowed  to  stand,  the  hydrocarbon  triphenylbenzeue, 
C,H,(C,H^,,  is  produced  in  considerable  quantity  (Heyne) :  the  separation  of  the 
elements  of  water  from  several  moleculei«  of  the  compound  C,n,.CCl(OH).CU,, 
formed  by  the  nnion  of  the  ketone  and  acid,  would  appear  therefore  to  take  place 
only  under  the  dehydrating  influence  of  the  excess  of  acid. 

^  I.  Ketones  of  the  (C^Hj^+JjCO  Sebiba. 

(1673)  Dimethyl  ketone  or  Acetone  :  CjHgO=CH3.CO.CHj. 
—This  ketone  is  formed: — t.  By  the  oxidation  of  isopropylic 
alcohol.  2.  By  the  diy  distillation  of  acetates.  Baric  acetate 
yields  a  pure  product ;  calcic  acetate  requires  a  higher  tempera- 
ture to  decompose  it^  and  in  consequence  a  part  of  the  acetone 
undergoes  change;  this  salt^  however^  is  most  conveniently 
employed  for  the  preparation  of  acetone.  According  to  Fittig 
{Ann.  Chem,  Pharm.,  ex.  17),  the  crude  product  of  the  distillation 
of  acetates  contains^  besides  acetone^  ethyl-  and  propylmethyl 
ketones  and  dumasin,  C^H^qO^  an  isomeride  of  mesityloxide.  3. 
By  the  action  of  zincic  methide  on  acetic  chloride.  4.  By  oxi- 
dation of  oxyisobutyric  acid,  (CHj)jjC(OH).COOH.  5.  By  the 
decomposition  of  ethylic  acetoacetate^  CHj.CO.CHg.COOCjHp 
with  baryta  water.  6.  By  the  action  of  water  at  about  200^ 
(39a®  R)  on  8-dichloropropane,  CHj.CCl^.CHg,  and  S-dibromo- 
propane ;  on  )3-dichloropropane,  CHg.CHCl.CHjCl,  and  /3-dibro- 
mopropane^  (the  former  yielding  at  the  same  time  a   certain 
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quantity  of  the  isomeric  propaldehyde,*  CH3.CHj.COH,)  and  on 
chloropropylene,  CHj.CCi  CH^  and  bromopropylene  (Linne- 
mann,  ibid.,  clxi.  58 — 70).  7.  Together  with  other  products,  by 
the  decomposition  of  acetic  acid  at  high  temperatures,  and  by 
the  dry  distillation  of  tartaric  and  citric  acids,  carbohydrates, 
and  wood ;  hence  it  occurs  in  crude  wood  spirit.  It  has  been 
found  in  the  urine  in  cases  of  diabetes  (Markownikoff,  ibid., 
clxxxii.  362). 

Dimethyl  ketone  is  a  mobile  colourless  liquid,  of  peculiar 
pleasant  odour,  miscible  in  all  proportions  with  water,  alcohol, 
and  ether;  it  boils  at  56°  (132^-8  F.)  and  at  0°  has  the  sp.  gr. 
•814.  Like  alcohol,  it  dissolves  a  large  number  of  substances 
insoluble  in  water.  It  readily  unites  with  acid  sulphites,  forming 
sulpho-salts  as  a[(CHg)2C(OH).S03K]  -f  OH,,  which  crystallizes  in 
glistening  scales,  moderately  soluble  in  water ;  the  corresponding 
sodium  and  ammonium  salts  are  anhydrous ;  the  ketone  is  readily 
liberated  from  these  compounds  by  treatment  with  sodic  car- 
bonate. By  the  action  of  nascent  hydrogen,  dimethyl  ketone  is 
converted  into  dimethylcarbinol  and  tetramethylglycol  or 
pinacone  (comp.  p.  774).  When  oxidized  either  by  the  ordinary 
chromic  acid  mixture,  or  chromic  acid,  by  a  neutral,  alkaline  or 
acid  solution  of  potassic  permanganate,  or  by  bromine  and  argentic 
oxide,  it  yields  acetic  acid  and  carbonic  anhydride  (Hercz,  Deu/. 
chem.  Ges,  Ber.j  viii.  1021),  scarcely  any  formic  acid  being 
obtained  as  it  is  for  the  most  part  further  oxidized.  Phosphoric 
pentachloride  converts  acetone  into  S-dichloropropane,  dimethyl- 
dichloromethane  or  methylchloracetol,  CH3.CCI2.CH3,  and  the 
corresponding  dibromopropane  is  obtained  by  the  action  of  the 
pentabromide.  It  is  violently  acted  upon  by  phosphoric  tri- 
sulphide;  on  distilling  the  product  and  fractionating  the  dis- 
tillate, the  so-called  duplotMacetone,  C^H^oS,,  is  obtained  as  a 
liquid  boiling  at  183°— 188"^  (361%— 370^-4  F.)  (Wislicenus, 
Zeits.  Chem.  [2],  v.  324). 

When  gaseous  anhydrous  hydrooyanic  acid  is  passed  into  cooled  acetone,  much 
heat  is  developed,  and  a  liquid  product  is  obtained,  which  distils  for  the  most 
part  at  about  120*  (248''  F.),  consisting  of  the  cyanide  CH,.C(OH)(CN).CH, ; 
this  compound  is  very  unstable,  acetone  being  liberated,  and  a  precipitate  of 


*  It  may  be  supposed  that  the  dichloropropane  is  first  decomposed  with 
simultaneous  formation  of  the  two  chloropropylenes,  CH^.CHzzCHGI  and 
CH,.CCiZlCH, ;  and  that  these  enter  into  reaction  with  water  at  the  moment 
of  formation  :  the  one  yielding  propaldehyde :  CH^.CHlzCHCl  +  OH,  = 
CH,.CH,.CHC1(0H)  =  HCl  +  CH,.CH,.COH;  the  other  acetone  :  CH,.CClZZCH, 
+  OH,  =  CH,.CC1(0H).CH,  =  HCl  +  CH,.CO.CH,. 
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argentic  cyanide  produced  on  mixing  it  with  argentic  nitrate  solution;  when 
dige^ited  with  hydrochloric  acid,  it  yields  oxyisobutyric  or  acetonic  acid, 
(CHj)jC(0H).C001L  If,  however,  slightly  moist  pure  potassic  cyanide  is 
covered  with  acetone,  and  hydrochloric  aoid  is  added  in  the  proportion  of  only 
one  molecule  for  each  molecule  of  cyanide  present,  a  crystalline  substance, 
which  may  be  represented  by  the  formula  (CH,),C(OII).O.C(CH,),(CN)  = 
2(CHj),.C(0H).CN--0H,  is 'produced;  when  digested  with  hydrochloric  acid, 
this  compound  yields  both  acetone  and  acetonic  acid.  Lastly,  if  a  mixture  of 
acetone,  pota^tsic  c3'aniJe,  and  potassic  cyanate  is  similarly  treated,  aceionylurea, 

rNH.C(CH,)., 
CO  <  I  is   obtained,  beine   formed  by  the  coniunction   of  single 

INH.CO 
molecules   of  acetone,  hydrocyanic  acid,  and  cyanic  acid ;  when  heated   with 
hydrochloric  acid  at  about  150''  (302°  F.),  this  compound  yields  amidoisobutyrio 
acid,  (CIl3),C(NH,).C00H  (Urech.  Afin.  Chem.  Fharm.,  clxiv.  255.) 

According  to  Heintz  {ibid.t  clxxiv.  133  ;  clxxviii.  305,  326;  clxxxiii,  276, 
283,  290 ;  clxxxv.  I  ;  clxxxvii.  233),  acetone  yields  a  series  of  basic  substances 
when  submitted  to  the  action  of  ammonia ;  the  first  product  is  diacetonamine, 
CqHjjNOj,  which  is  bept  prepared  by  passing  ammonia  gas  and  acetone  vapour 
through  a  Liebig's  condenser  heated  to  100°  (212°  F.)  ;  on  boiling  this  com- 
pound with  acetone,  or  submitting  acetone  to  the  more  prolonged  action  of 
ammonia,  iriaceionamine,  C^lI^yNO,  together  with  small  quantities  of  an  iso- 
meric base,  and  of  dehydrotriacetonamine,  C^H^^N,  are  obtained.  Diacetou- 
amine  is  a  colourless,  strongly  alkaline  liquid,  of  peculiar  ammoniacal  odour, 
which  decomposes  partially  on  distillation;  it  yields  crystalline  salts  with 
several  acids.  Most  probably  it  has  the  formula  CH,.CO.Cn,.C(CHj..NH,. 
When  acted  upon  by  nitrous  acid,  it  yields  mesityloxide  and  diacetone  ul^x)hol, 
CHj.CO.CHj.C(CHJ^.OH,  a  colourless,  syrupy  liquid,  boiling  constantly  at 
164°  (32  7**' 2  F.),  which  is  perhaps  the  oxygen  analogue  of  the  so-called 
duplothiacetone  mentioned  above ;  and  when  Hubmitt-ed  to  the  action  of  nascent 
hydrogen,  it  forms  diacetonalkamine,  (?)  CH,.CH(OH)  Cn^C(CH  .),.NH,,  a 
monacid  base  boiling  at  175°  (347°  F.).  Triacetonamine  crystallizes  in  long 
needles  or  quadratic  plates,  which  melt  at  39^*6  (103^*3  F.),  and  decompose  at 
higher  temperatures ;  on  hydrogenation  it  yields  triacetanalkamine,  C^U^^NO. 
which  crystallizes  in  octahedra,  melting  at  I28°*5  (262**'4  F.);  nitrous  acid 
converts  it  into  nUrosotriacetonamine,  CjHjg(NO)NO,  proving  that  it  is  aa 
imido'com  pound. 

Dimethyl  ketone  has  been  shown  by  Reynolds  (Proe.  Roy.  Soc,  187 1, six. 
431)  to  combine  with  mercuric  oxide,  a  property  which  its  homologues  appear 
to  share  with  it ;  the  resulting  compounds  belong  to  the  class  of  colloid  bodies, 
and  exhibit  somewhat  remarkable  properties.  To  obtain  the  compound  of  ace- 
tone, solutions  of  40  grams  HgCl,  in  about  500  c.c.  of  water,  and  of  29  grams 
KHO  in  about  300  c.c.  of  water,  are  prepared.  About  150  c.c.  of  the  alkali 
are  added  to  a  solution  of  15 — 20  c.c.  of  acetone  in  250  c.c.  of  water,  and  then 
about  250  c.c.  of  the  mercuric  chloride  solution  ;  the  precipitated  mercuric  oxide 
i»  at  first  only  slowly  redissolved,  if  the  liquid  be  not  warmed ;  but  after  a  time 
it  quickly  redissolves  if  the  mixture  be  briskly  agitated.  When  the  first  half  of 
the  mercuric  chloride  solution  has  been  added,  the  remaining  1 50  c.a  of  alkali 
are  cautiously  poured  in,  and  then  mercuric  chloride  is  added  until  a  white  pre- 
cipitate makes  its  appearance.  The  filtered  liquid  is  now  dialysed  to  remove  the 
excess  of  alkali  and  the  potassic  chloride,  the  diffusate  being  frequently  replaced 
by  pure  water,  and  the  process  terminated  when  the  diffusate  no  longer  contains 
chloride.  The  solution  thus  obtained  is  neutral  to  test  paper;  if  containing 
5  per  cent,  of  the  anhydrous  compound,  it  will,  if  pure,  remain  liquid  for  12 — 14 
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days,  but  ailer  that  time  seU  to  a  jelly,  and  pectisation  may  be  brought  about 
in  a  few  seconds  by  heating  it  to  50°  (122°  F.),  or  by  the  addition  of  very 
minute  quantities  of  hydrochloric,  acetic,  nitric,  and  many  other  acids,  of  the 
alkaline  hydrates,  and  of  many  neutral  salts.  The  substance  which  separates, 
after  drying  first  in  vacuo  and  then  at  100°  (212^  F.),  has  the  com  position 
[(CHjj)jC0]jHg30j,  but  probably  the  solution  contains  the  very  unstable  hydrate 
of  this  body;  moreover,  this  hydrate  exhibits  distinctly  marked  although  ex- 
tremely feeble  acid  characters ;  Reynolds,  in  fact,  has  been  led  from  his  experi- 
ments to  regard  it  as  a  tetrabasic  acid.  Sodic,  baric,  and  even  calcic  hydrate 
may  be  used  in  place  of  potasi^ic  hydrate ;  it  is  noteworthy  also,  that  the  preci- 
pitate caused  by  acetic  acid  in  a  solution  of  the  "  potassium  derivate"  is  soluble 
in  excess  of  potassic  hydrate  immediately  after  its  formation,  but  that  it  soon 
loses  this  property.  Reynolds  states  that  acetone  may  be  detected  with  facility 
by  means  of  this  compound  (loc.  cit.f'g.  440).  Some  at  least  of  the  homologues 
of  dimethyl  ketone  behave  similarly  with  mercuric  oxide. 

(1674).  Haloid  Deeivatives  of  dimethyl  ketone. — Chlorine  is  readily 
absorbed  by  acetone  at  ordinary  temperatures,  monochloracetone,  CHj.CO.CHgCl, 
and  ^'dichloracetone,  CHg.CO.CHCl,,  being  formed  according  to  the  proportion 
of  chlorine  used  (comp.  Bischoff.  Deut.  chem,  Ges,  Ber.,  v  863;  viii.  13295 
Mulder,  ibid.,  1007;  Theegarten,  ibid,,  vi.  897);  the  product  is  contaminated, 
however,  with  other  substances  resulting  from  the  action  of  the  chlorine  on  the 
condensation  products  generated  by  the  action  of  the  hydrochloric  acid  on  the 
acetone,  two  of  which  of  the  composition  (?)  C^H^CljO  and  C,HyCl,0  have  been 
isolated  by  Grabowski  (ibid,,  viii.  1438).  Monochloracetone  is  also  formed  by 
the  action  of  hypochlorous  acid  on  acetone  (Mulder) ;  and  by  the  action  of  sul- 
phuric acid  on  the  dichloropropylene  CH^CLCCllZlCHj  (Henry,  ibid,,  v.  986).  It 
is  a  colourless  liquid, difficultly  soluble  in  water,  boiling  at  about  119^  (246^*2  F.), 
which  does  not  combine  with  acid  sulphites.  On  treatment  with  argentic  oxide 
and  water,  it  yields  acetic,  glycolic,  and  formic  acids  (Linnemann).  Hydrocy- 
anic acid  combines  with  it,  forming  the  cyanide  CHj.C(0H)(CN).CH2Cl,  which  on 
digestion  with  hydrochloric  acid  is  converted  into  monochloroxyisobutyric  acid 
(monochloracetonio  acid),  CH,.C(CH,C1)(0H).C00H  (Bischoff).  It  readily 
enters  into  reaction  with  potassic  acetate,  forming  the  acetate  CU^.CO.CH^iC^U fi^) 
(Henry);  and  with  potassic  iodide,  potassic  cyanide,  and  the  normal  sulphites 
(Glutz,  Journ,pr,  Chem.  [2],  i.  141).  Concentrated  nitric  acid  converts  it  into 
a  crystalline  body  of  the  formula  C,H^ClNOj  (Glutz,  Barbaglia,  Deui,  chem,  Ges, 
Ber.,  vi.  320). 

P'lHchloracetone,  CHj,.CO.CHCJlj,  which  is  best  prepared  by  passing  chlorine 
into  acetone  until  it  is  saturated,  heating  the  liquid  in  the  water  bath  towards  tlie 
close  of  the  operation,  also  boils  at  about  1 20°  (248°  F.) ;  it  is  said  that  its  vapour, 
like  that  of  monochloracetone,  exerts  a  most  irritating  action  on  the  eyes  and  nose, 
but  according  to  Fittig  and  Borrche  this  is  due  to  the  presence  of  impurities. 
According  to  Linnemann  and  Y.  Zotta,  it  is  converted  into  ordinary  lactic  acid 
when  heated  with  water  at  200*"  (392°  F  )  It  combines  with  hydrocyanic  acid,  and 
the  resulting  cyanide  yields  dichloroxyisobutifricacid,  CH3.C(CHC1,)(0H).C00H, 
on  digestion  with  hydrochloric  acid  (Bischoff). 

a-Dichlo^acetone ;  CH3CI.CO.CH5CI,  is  obtained  by  oxidation  of  dichloriso- 
propylic  alcohol  or  dichlorhydrin  (p.  541)  with  chromic  acid  mixture  ;  it  boils  at 
about  170°  (338°  F.).  It  forms  a  crystalline  compound  with  sodic  hydric  sul- 
phite— with  which  3dicliloracetone  also  unites — and  yields  crystalline  products 
with  potassic  iodide,  potassic  thiocyanate,  and  potassic  cyanide,  the  last- named  sub- 
stance converting  it  into  a  cyano-derivative  of  the  composition  p/riTrVt  wp  vr{  1  ^» 
analogous    to    that    formed    by    acetone,    and    isomeric  with  the    compound 
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prodaced  in  a  similar  manner  from  /3-dichloraoet(me  (Glatz  and  Fischer, 
ibid ,  iv.  52). 

By  oxidation  of  chlorobromhydrin,  CH,Cl.CH(OH).CH,Br,  the  corresponding 
a'Chlorohromacetonef  CH,Cl.CO.CH,Br,  is  obtained;  it  is  a  crystalline  sab- 
stance,  which  melts  at  about  35*  (95°  F.),  boils  at  about  t8o°  (356**  F.), 
and  combines  with  sodic  hydric  sulphite  (Theegarten,  Deui,  chem,  Ges.  Ber., 
vi.  1276). 

According  to  Barbaglia  (ibid,,  riL  4671),  the  product  of  the  action  of 
chlorine  on  well-cooled  acetone  contains  a  crystalline  body  of  the  composition  of 
dichloracetone,  which  is  deposited  in  large  prisms  from  the  portion  boiling  at 
140* — 170*  (284* — 338®  F.) ;  the  same  substance  was  obtained  by  Markow- 
nikoff  on  oxidation  of  dichlorhydrin.  It  melts  at  44°  (11 1^'2  F.),  and  probably 
is  a  polymeride  of  dichloraoetone  (comp.  Bischoff,  ibid.,  viii.  1329,  and 
6rabowski»  loc.  cit). 

Pure  acetone,  saturated  with  chlorine  in  the  cold,  absorbs  a  further  quantity 
of  the  gas  in  sunlight  and  on  warming,  especially  if  the  chlorine  be  moist, 
forming  trichlorscetone,  but  the  chlorination  does  not  proceed  further 
(Bischoff, /oc.  ct^).  It  is  a  golourlevs  oil,  boiling  at  about  171°  (338^  F.), 
which  combines  with  water  with  great  avidity  to  form  a  crystalline  hydrate, 
C,H,C1,0  4.  ^(2CH,)0H,,  melting  at  about  44**  ( 1 1 1**'2  F.),  from  which  it  may  be 
separated  by  the  action  of  hydrochloric  acid  gas  (Kramer,  ibid.,  vii.  2561  ; 
Bischoff,  viii.  1336).  It  does  not  combine  with  acid  sulphites;  on  warming  it 
with  aniline  and  potassic  hydrate,  phenylic  isocyanide  is  produced,  showing  that 
it  yields  chloroform  on  decomposition  with  alkali,  and  hence  that  it  has  the 
formula  CH^.CO.CCl,;  it  combines  with  hydrocyanic  acid,  and  the  prodnct  yields 
triehlaracetonic  acid,  CH,.C(CC1^(0H).C00H,  on  digestion  with  hydro- 
chloric acid  (Bischoff). 

By  saturating  a  solution  of  acetone  in  methylie  alcohol  with  chlorine, 
fractionating  the  product,  and  strongly  cooling  the  various  fractions  of  the 
portion  boiling  at  160** — 180®  (320°— 356*  F.)  in  contact  with  water,  Bischoff 
has  succeeded  in  separating  the  hydrate  of  tetrachloracetone  from  that  of 
trichloracetone,  and  from  a  mixed  hydrate  of  tri-  and  tetrachloracetone  of  the 
formula  C,H,Cip  +  C,H,C1,0  +  6H,0.  Tetrachloracetone,  CH,C1  CO.CCl,, 
separated  from  the  hydrate  by  means  of  hydrochloric  acid,  is  an  extremely  volatile 
substance  possessing  a  most  irritating  odour,  the  irritation  which  is  frequently 
experienced  on  working  with  the  chlorinated  derivatives  of  acetone  being  probably 
mainly  caused  by  it  The  hydrate,  C,H,Cip  +  4OH,,  melts  at  about  39* 
(io2'^2  F.).  A  corresponding  dibromodichloracetone  is  formed  by  the  action  of 
bromine  on  dichlorhydrin  (comp.  p.  542). 

Pentarhloracetone,  according  to  Staedeler,  is  formed  by  the  action  of  a 
mixture  of  potassic  chlorate  and  hydrochloric  acid  on  a  number  of  substances, 
amongst  others  citric,  salicylic,  gallic  and  quinic  acids,  qninone,  pyrogallol, 
albumin  and  muscular  flesh.  It  is  a  colourless  oil,  boiling  at  about  190^ 
(374°  F.),  which  forms  a  crystalline  hydrate  with  4  mols.  water.  Sexacklor- 
acetone  is  produced  by  the  action  of  chlorine  in  sunshine  on  a  solution  of  citric 
acid,  which  yields  acetone  on  oxidation ;  it  boils  at  about  200°  (392°  F.),  and 
forms  a  crystalline  hydrate  with  i  mol.  of  water. 

The  action  of  bromine  on  acetone  gives  rise  in  the  first  instance  to  the  pro- 
duction of  a  highly  unstable  additive  compound,  C^H^OBr,  (Linnemann),  and  sub- 
sequently of  substitution  derivatives.  The  mono-  and.dibromo-derivatives  are 
liquids  which  decompose  on  distillation;  they  combine  with  acid  sulphites 
(Emmerling,  ibid.,  vi.  22;  Lokolowsky,  ix.  1687).  Pentabromaceione, 
obtained  by  the  action  of  an  excess  of  bromine  on  acetone  (Mulder),  is  identical 
with  the  so-called  bromoxaform  of  Cahours  formed  by  the  actionnof  bromme  on 
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solutioiis  of  citratefl,  and  with  the  pamhromalide  of  Cloez  (Gritnaaz  ;  oomp.  pp. 
4a  5 — 46 1 ).    It  cryfftallizes  in  lustrous  silky  needles  which  melt  at  7 5^  ( T  65^  F.). 

ff6xbrofnacetone.—CBr^.C0.CBr^  (foot  note,  p.  797),  crystallizes  in  prisms 
melting  at  108°  (226°*4  F.);  it  is  readily  decomposed  by  ammonia  in  accord- 
ance with  the  equation  :  CBr,.C0.CBr3  +  NH,  =  HCBr,  +  CBr,,CO.NH,. 

P'Diioddcetone  {?),  CH^.CO.CHr,,  is  produced  by  gently  heating  acetone  with 
an  aqueous  solution  of  iodine  roonochloride ;  it  is  a  heavy  oil,  which  readily 
decomposes  with  separation  of  iodine  (Maxwell  Simpson).  a'Diiodcufeione, 
CH,I.CO.CH,I,  according  to  Glutz  and  Fischer,  b  crystalline. 

(1675)  HoMOLOGU£8  OF*  DiMETHYL  KETONE. — A  Considerable 
number  of  ketones  homologous  with  acetone  have  been  prepared^ 
but  with  few  exceptions^  only  their  behaviour  on  oxidation  and 
with  acid  sulphites  has  been  ascertained.  They  have  mostly 
been  obtained  either  by  the  action  of  zinc  organo-metallic  com- 
pounds on  acid  chlorides,  or  by  distillation  of  the  calcic  salts  of 
acids  of  the  acetic  series.  Two  only  which  are  especially 
interesting  need  therefore  be  described. 

(1676)  Methyl  teetiaey-buttl  ketone  ;  pinacolin  :  C^H^jO  = 
C(CH,),.CO.CH,.— This  ketone  was  discovered  by  Fitting  in  1859,  who  obtained 
it  by  distilling  pinaoone  or  tetramethylglycol  (1502)  with  dilute  sulphuric  acid 
(comp.  p.  773);  its  nature  was  not  ascertained,  however,  until  1873 — ^874» 
when  Friedel  and  Silva  (Compt  Rend.^  Ixxvii.  48)  converted  it  by  oxidation 
into  an  acid  of  the  same  composition  as  valeric  acid,  C^H^^O,,  which  they  termed 
"pivalic  acid"  but  which  Butlerow  shortly  afterwards  (>roved  to  be  trimethacetic 
acid,  C(CH,),.C00n,  the  same  chemist  forming  pinacolin  itself  by  the  action  of 
zinoio  metbide  on  trimethacetic  chloride  (Arm,  Chem,  Pharm,^  clxxiii.  355  ; 
clxxiv.  125).  It  is  a  colourless  liquid  of  peppermint-like  odour,  almost  insoluble 
in  water,  boiling  at  106^  (222*^*8  F.);  as  already  mentioned,  it  yields  trime- 
thacetic acid  on  oxidation,  but  it  is  only  slowly  attacked  by  the  ordinary  chromic 
acid  mixture.  It  does  not  combine  with  acid  sulphites.  It  yields  a  crystalline 
dichlorinated  derivative  on  treatment  with  chlorine  (Fittig,  ibid,,  cxiv.  54). 

(1677)  Methtlnontl  KETONE :  CjjH^O  =  CH,.CO.C,H„*.— This  ketooe, 
which  may  be  artificially  produced  by  distilling  a  mixture  of  the  calcium  salts  of 
acetic  and  decylic  or  oapric  acids,  is  the  chief  constituent  of  the  volatile  oil  of 
garden  rue  {Ruia  graveolenis).  It  is  a  colourless  strongly  refracting  oil,  boiling 
constantly  at  224°  (43S'*'2  P) ;  when  cooled  to  5°--6°  (41''— 42''-8  F.)  it 
forms  a  crystalline  mass  which  melts  at  15° — 16°  (59** — 6o°*8  F.)  (Gorup 
Besanez  and  Gh'imm,  ibid.f  dvii.  275).  According  to  Giesecke  {Zeits,  Chem. 
[2],  vi.  428),  it  is  readily  oxidized  by  chromic  acid  mixture,  yielding  acetic  and 
Donylic  or  pelargonic  acids,  0,H^,.COOH  ;  whilst  nascent  hydrogen  converts  it 
into  nonylmethylcarbinol,  CH,.CH(OH).C^H^^,  and  a  body  of  very  high  boiling 
point  which  is  probably  the  corresponding  pinaoone.  Nonylmethylcarbinol  is  a 
Tiscid  liqoid,  insoluble  in  water,  boiling  at  about  228^  (442^*4  F.). 

(1678)  The  following  table  is  a  list  of  the  ketones  of  the 
(CaH3n+^)jjC0  series  at  present  known : 
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^  II.  Ketones  of  the 


Cotp-S'""'  ^^^  C0{CJ1,,^,),  Series. 


(1679)  The  following  ketones  of  the  C^Hoa+rCO.C^Hg.^  series 

are  known : 

K  p.  *»  c. 

Mechylphenyl  ketone       .     .     .  CH,.CO  C.H,  200° 

Ethylphenyl  ketone    ....  C,H^.CO.C,H,  209° 

Methy lb  mzyl  ketone        .     .     .  CH,.CO.CH,.C,H,  215° 

Propylphenyl  ketone        .     .     •  C^Hy^.CO.C.H,  221° 

Idopropylphenyl  ketone   .     .     .  C,H,^COC,H^  below  21 7"* 

Ethylbenzyl  ketone     ....  C,H,  CO.CH^.C.H,  226° 

Methylpbenethyl  ketone  .     .     .  CH3.C0.CH,.CH,.C,H.  236* 

iBobutylphenyl  ketone     .     .     .     (CH,),.CH.CH,.CO.C,H,       226° 

I«opropylbenzyl  ketone    .     .     .  C,H,^  CO.CH,.C,H^  — 

With  the  exception  of  methylphenethyi  ketone,  these  have 
all  been  prepared  by  distilling  mixtures  of  the  calcic  salt  of 
benzoic,  or  of  phenylacetic  (C^Hg  CH3.COOH)  acid,  with  the 
calcic  salt  of  an  acid  of  the  acetic  series.  Methyl  and  ethyl- 
phenyl ketones  have  also  been  obtained  by  the  action  of  zincic 
methide  and  ethide  respectively  on  benzoic  chloride,  CgHg.COCl, 
ethylbenzyl  ketone  having  been  prepared  in  a  similar  manner 
from  phenylacetic  chloride,  C3H5.CH3.COCI.  Methylphenethyi 
ketone  is  the  product  of  the  action  of  alkalies  on  ethylic  aceto- 

benzylacetate,  CHg.CO.CHJ^Q*^^*^^    Methyl-  and  ethylbenzyl 

ketone  and  methylphenethyi  ketone  are  the  only  ones  which  form 
compounds  with  acid  sulphites. 

Mbthylphenyl  ketone  or  acetopheTume  crystallizes  in  large  oolourless 
platea  which  melt  at  14**  (57°"2  F.),  and  it  boils  at  about  200°  (372°  F.).  It 
yields  carbonic  anhydride,  water,  and  benzoic  acid  on  oxidation  (Popoff).  By 
the  action  of  ammonia  at  the  boiling  temperature  in  p.esence  of  phosphoric 
anhydride,  it  is  converted  into  a  cryHtalline  highly  stable  basic  compound, 
(?)  C^Uj^N  (Engler  and  Heine),  a  small  quantity  of  triphenylbenzene,  which  is 
more  readily  obtained  by  the  actiun  of  hydrochloric  acid  (p.  778),  being  also 
produced.  By  acting  on  it  with  chlurine  at  the  boiling  point,  it  is  converted 
into  chloromethyl phenyl  ketone,  CH^Cl.CO  C^H^,  from  which  the  acetate  and 
corresponding  alcohol  may  be  prepared  (Graebe;  com  p.  Hunaeus  and  Zincke, 
Deui,  chem,  Oes.  Ber,,  z.  i486).  Bromine  at  ordinary  temperatures  forms 
the  two  isomeric  compounds  C^Hj.CO.CH^Br  and  C^H^Br.CO.CH,  (Emmerling 
and  Engler,  ibid,,  iv.  147). 

The  remaining  members  of  the  series  are  liquids.  Ethylphenyl  ketone  and 
methylhenzyl  ketone  yield  benzoic  and  acetic  acids  on  oxidation,  whilst  ethylbenzyl 
ketone  forms  benzoic  and  propionic  acids  (Popoff,  ibid,,  v.  500).  Propylphenyl 
ketone  yields  benzoic  and  propionic  acids  (Schmidt  and  Fieberg,  ibid.,  vi.  498), 
whilst  isopropylphenyl  ketone  yields  benzoic  and  acetic  acids,  the  latter  being 
doubtless  formed  from  the  acetone  which  is  the  primary  product  of  oxidation. 
Methylphenethyi  ketone  also  yields  only  benzoic  acid  and  carbonic  anhydride,  the 
phenylacetic  acid  which  is  first  produced  being  at  once  further  oxidizecHEhrUchi 
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Ann,  Chem,  Pharm.,  clxxxvii.  18).  Isopropylhenzyl  ketone^  however,  yields 
benzoic  and  isobutyric  acidH  (^opoff  and  Fachs,  ibid,,  ix.  1605),  which  are  also 
obtained  on  oxidation  of  isobutylphenjl  ketone. 

On  reduction,  methylphen}'!  ketone  yields  both  methyl phenylcarbinol  (1479) 
and  dimeth}ldiphenylglyool,  (C(CH,)(C,Hj)  OH)^,  a  crystalline  sabntanoe  whieh 
melts  at  about  120^(248°  F.)  (Emmerling  and  Engler,  ibid.,  vi.  1005); 
ethylphenyl  ketone  behaves  similarly  (1480),  and  propylphenyl  ketone  also 
yields  the  corresponding  monohydric  alcohol,  together  with  the  dihydric  alcohol 
homologous  with  hydrobenzoin :  the  latter  crystallizes  in  long  needles  melting 
at  64^  (i47'-2  F.). 

(1680)  The  CO(CnH2n_7)2  series  includes  the  following : 

M.  p.     B.  p. "  c. 

Diphenyl  ketone      .     .     .     C,H,.CO  C,H,  26**and49°  300** 

Paraphenyltolyl  ketone     .  )  c^H,.CaC.H,.CH,  |  57^         314" 

Orthophenyltolyl  ketone    .  J     •    *  «    4       s  j  —  — 

Phenylbenzyl  ketone    .     .     C,H,.CO.CH,.C.H,  •  55^  — 

Paraditolyl  ketone  .     .     .     CH,.C.H^.CO.C.H,  CH,  95°  — 

Dibenzyl  ketone      .     .     .     C.H,.CH,.CO.CH,.C,H^  30°         320^ 

Phenylcymyl  ketone     .     .     C.H,.CO.C.H,(CH,)(C,H,)«      —  340*' 

Diphenyl  ketone  is  formed  by  distillation  of  calcic  benzoate ;  by  heating 
mercury  diphenyl  with  benzoic  chloride  at  180°  (356**  F.):  Hg(C^H,),-l- 
2C,H..C0C1  =  (C,H,).CO  +  HgCl,  (Otto)  ;  by  heating  a  mixture  of  benzene, 
benzoic  acid  and  phosphoric  anhydride  at  about  180°  (356°  F.)  (Kullarits  and 
Merz,  ibid.,  v.  447  ;  vi.  536) ;  by  the  action  of  carbonic  chloride,  COCl,,  on 
benzene  in  presence  of  aluminic  chloride  (Friedel,  Crafts  and  Ador,  ibid.,  x. 
1854);  and  by  oxidation  of  diphenylmethane  (1377),  diphenylcarbinol  (p. 
503),  and  diphenethaldehyde.  When  prepared  by  oxidation  of  diphenyl- 
methane, it  is  first  obtained  as  a  clear  liquid,  which  on  standing  becomes  a 
mass  of  apparently  monoclinic  crystals  resembling  the  forms  produced  by 
cleavage  of  Iceland  spar,  and  melting  at  about  26°  (78*'*8  F.);  after  a  time, 
however,  the  crystals  become  milk-white,  and  are  converted  into  the  rhombic 
prisms  in  which  the  ketone  ordinarily  separates  from  its  solutions,  and 
which  melt  at  about  48°  (ii8°-4  F.)  (Zincke,  ibid.,vr.  576).  According  to 
Linnemann  (Ann,  Chem,  Pharm,,  cxxxiii.  i),  it  is  converted  into  diphenyU 
oarbinol  or  henzhyd/rol  by  the  action  of  sodium  amalgam  on  its  alcoholic  solution ; 
whereas  if  zinc  and  sulphuric  acid  are  employed,  chiefly  tetraphenylglyeol  or 
henzopitiacone,  (C(CfH^),.OH),,  is  obtained.  Benzopinaoone  crystallizes  from 
alcohol  in  small  well-formed  prisms  ;  it  melts  at  186**  (366*'-8  F.),  being,  how- 
ever, decomposed  into  diphenyl  ketone  and  benzhydrol ;  the  same  decomposition 
is  effected  by  boiling  it  with  an  alcoholic  solution  of  potaasic  hydrate  (Thomer 
and  Zincke,'  Deut  chem.  Ges.  Ber,,  x.  1473).  ^  treatment  with  benzoic 
chloride,  benzopinaoone  is  apparently  converted  into  the  ketone  CjH5.C0.C(C^Hj),. 
A  number  of  substitution  derivatives  of  diphenyl  ketone  have  been  obtained. 

JDi'dimeihylamidophenyl  ketone, — Although  carbonic  chloride,  COCl,,  alone 
is  entirely  without  action  on  benzene  even  at  high  temperatures,  it  readily  acta  on 
dimethylamidobenzene  or  diraethylaniline,  CjHj.N(CHg)j,  forming  dimethyl' 
amidobenzoic  chloride,  (CHj)jN.CgH^.COCl,  the  reaction  taking  place  even  in  Uio 
cold.  On  heating  this  product  with  dimethylaniline  at  about  120°  (248°  F.), 
the  diphenyl  ketone  derivative  CO[CgH^.N(CHj)Jj  is  produced,  together  witli 
the  compound,  (CH,),N.C,H3[C0  C.H^.N(CH,)  J,,  formed  by  the  action  of  2  mola. 
of  the  chloride  on  a  single  mol.  of  dimethylaniline  (Michler,  t^t(£.,  ix.  7 161). 

Tolylphenyl  ketones, — These  are  formed  on  oxidation  of  the  benzyltoluenea 
(p.  362),  and  on  heating  a  mixture  of  benzoic  acid  and  toluene  with  phosphoric 
anhydride ;  the  para-compound,  which  alone  has  been  obtained  pure,  is  also  formed 
on  distillation  of  a  mixture  of  calcic  benzoate  and  paratoluate.   They  are  converted 
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into  the  corresponding  benzoylbenzoio  aoids  on  oxidation.  On  redaction  with  zinc 
and  hydrochloric  acid,  paratoljlphenyl  ketone  yields  two  isomeric  crystttlline 
oompoands  of  the  formula  Cj^H^^O,  melting  respectively  at  isy**  (278°'6  F.) 
and  215^  (419^  P.),  the  dihydric  alcohol  C^H^O,  or  [C(C.H,)(C.H,.CH,).OH],, 
which  is  first  produced,  undergoing  conversion  into  these  compounds  under  the 
iufluence  of  the  zincic  chloride.  Thdrner  has  shown  (Ann.  Chem.  Pkarm.,  dxzzix. 
96)  that  the  body  of  lower  is  very  easily  transformed  into  that  of  higher 
melting  point  by  heating  with  hydrochloric,  hydriodic,  or  acetic  acid  at  about  150^ 
(302^  F.),  or  on  warming  with  benzoic  chloride,  and  that  on  oxidation  it  is 
reconverted  into  the  ketone ;  whereas  the  isomeride  yields  an  acid  of  the  com- 
position CjjHjjjO,  (comp.  p.  773).  The  alcohol  C,gH„0,  closely  resembles  . 
beozopinaoone  in  its  properties  (Thorner  and  Zincke,  loc,  cit.).      * 

Phenylhemyl  ketone:  C,H,.CO.CHj.C,H,,  obtained  by  distillation  of  a 
mixture  of  benzoate  and  phenylacetate  of  calcium,  is  identical  with  the  so-called 
deoxyhenzoin  formed  by  reduction  of  benzoin,  and  by  oxidation  of  benzylphenyl- 
carbinol  or  toluylenehydrate  (p.  503)  (Radziszewski,  ibid.,  viii.  756);  it  is  also 
produced  on  heating  a  mixture  of  benzene  and  phenylacetio  acid  with  phosphoric 
anhydride  (Zincke,  ibid.,  ix.  1 77 1).  It  crystallizes  from  alcohol  in  large  colour- 
less plates,  melting  at55^(i3i^F.);  on  oxidation  it  yields  benzoic  acid. 

Benzoin  or  benzoylphenylcarbinol :  C,H^.CO.OH(C,H^).OH,  is  obtained  on 
oxidation  of  hydrobenzoin  with  concentrated  nitric  acid,  and  by  the  action  of  an 
alcoholic  solution  of  potassic  cyanide  on  benzaldehyde  (p.  758).  It  crystallizes 
in  colourless  prisms,  melting  at  134^  (373°'2  F.),  difficultly  soluble  in  water  and 
alcohol;  on  oxidation  with  chromic  acid  mixture  it  yields  benzoic  aidehyde  and 
benzoic  acid,  but  nitric  acid  converts  it  into  benzil  or  dibenzoyl,  CgH^.CO.CO.C^Hj. 
Benzil  crystallizes  from  alcohol  in  large  sixrsided  prisms,  melting  at  90^  (194*'  F.). 
On  oxidation,  it  is  entirely  converted  into  benzoic  acid,  and  on  reduction  forms 
benzoin ;  it  dissolves  in  a  concentrated  alcoholic  solution  of  potassic  hydrate  form- 
ing a  deep  violet-coloured  liquid,  which  after  prolonged  warming  be(»mes  yellow. 
Under  these  circumstances  isomeric  change  takes  place,  the  benzil  being  converted 
into  the  potassic  salt  of  diphenylglycolic  or  benzilic  acid,  (C,H^jC(OH).COOH. 
The  formation  of  this  acid  is  probably  preceded  by  that  of  the  compound  : 

C.H..C(OH). 

C,H,.C(OH)  ) 
to  which  perhaps  the  violet  colour  is  due,  the  subsequent  change  being  analogous 
to  that  which  results  in  the  formation  of  the  so-called  pinacolins  (p.  773)* 

Paraditolyl  ketone,  obtained  by  oxidation  of  ditolylmethane  (p.  363),  crystal- 
lizes from  alcohol  in  rhombic  prisms,  melting  at  95°  (203^  F.) ;  it  is  converted 
into  ditolylcarbinol,  (CH,.C,HJ,C,(0H),  on  reduction  (Weiler).  The  isomeric 
dibenzyl  ketone  is  prepared  by  distillation  of  calcic  phenylacetate  (Radziszewski). 

Phenylcymyl  ketone  is  produced  on  heating  a  mixture  of  benzene  and 
cymene  with  phosphoric  anhydride  (Kollarits  and  Merz,  loc,  cit) ;  it  is  an  oily 
liquid  of  pleasant  odour. 

•  §  III.  Ketones  of  other  Series. — Camphor. 

(i68t)  Naphthyl  ketones. — By  heating  a  mixture  of  benzoic  acid  and 
naphthalene,  or  of  benzene  and  a-  or  i3-naphthoic  acid,  with  phosphoric  anhydride, 
Kollarits  and  Merz  have  obtained  two  phenylnaphthyl  ketones,  C^H^.CO.C^^H^. 
The  a-compound  is  the  more  soluble  in  alcohol,  from  which  it  crystallizes  in 
short  prisms,  melting  at  75°*5  (i67°-9  F.);  the  jS-ketone  forms  long  needles, 
melting  at  82**  (i79°'6  F.).  Michael  and  Adair  (ibid,,  x.  583)  have  obtained 
the  same  compounds  by  heating  a  mixture  of  benzenene  sulphonic  acid  and  naph- 
thalene with  phosphoric  anhydride,  but  state  that  they  melt  at  100^  (212®  F.) 
and  1 16°  (240»-8  F.)  re.pecUvely.  ^  ^  ^  -  ^,^,,,^^^  ^^ GoOgk 
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Similarly,  on  heating  a-naphthoic  acid  with  naphthalene  and  P^O^*  or 
a-naphthoio  chloride  and  naphthalene  with  zinc,  or  jS-naphthoic  chloride  with 
mercury  dinaphthyl,  Bg{C^fiX  a-/9-clinaphthyl  ketone.  C„Hy».CO.C,^H^^  i» 
produced.  Tbi«  orystallizes  in  needle?,  melting  at  135^  (^75^  ^0*  ^^^  when 
decomposed  by  heating  with  soda  lime  yield.^  both  a-  and  3-naphthoic  acids  and 
naphthalene.  By  heating  /3-naphthoic  acid  and  naphthalene  with  P,0^»  or 
^-naphthoic  chloride  and  naphthalene  with  zinc,  two  ketones  iiiomeric  with  the 
a-/3  compound  are  produced,  both  of  which,  however,  yield  /3-naphthoic  acid  and 
naphthalene  when  heated  with  soda  lime ;  they  melt  at  126^*5  (259^7  F.)  and 
165°  (329^  F.)  respectively,  and  require  for  complete  solution,  the  one  267,  and 
the  other  1250  parts  of  absolute  alcohol  at  19^  (66°'2  F.),  the  a-^  ketone 
dissolving  in  77  pts.  (Grucarevic  and  Mens,  ibid.,  vi.  1238,  1246  ;  ix.  1515)- 

(1682)  Mbsityloiidb  :  C.H,^0  =  (CH,XC— CH.CO.CH,.— This  ketone, 
as  already  mentioned,  is  formed  by  "  oondenaation"  of  z  mols.  of  dimethyl  ketone, 
which  takes  place  under  the  influence  of  hydrochloric  and  sulphuric  acids  (Kane), 
of  alkalies  and  of  lime  (Fittig),  of  zincic  mcthide  and  ethide  (Pawlow),  and  of 
several  other  substances.  The  product  obtained  in  the  preparation  of  acetone  by 
the  action  of  zincic  methide  on  acetic  chloride  consists  chiefly  of  mesityl  oxide, 
and  homologous  compounds  are  obtained  in  a  similar  manner  in  the  preparation 
of  the  homologues  of  acetone  (Pawlow,  Ann.  Chem.  Pkarm,,  clxxxviii.  126). 
It  is  best  prepared  by  the  action  of  hydrochloric  acid  (Baeyer ;  Cl&iasen,  ibid., 
clxxx.  4). 

Mesityl  oxide  is  a  colourless  liquid,  boiling  at  130^  (266°  F.),  having  an 
odour  of  peppermint ;  it  does  not  combii.e  with  acid  sulphites.  On  oxidation 
with  nitric  acid,  it  yields  acetic  and  oxalic  acids ;  on  redaction  with  sodium 
amalgam,  it  is  converted  into  an  oily  body  of  the  composition  C^^^o^,  which 
18  perhaps  the  corresponding  pinacolin  ;  and  it  combines  with  bromine,  forming 
a  highly  unstable  dibromide  fClaissen).  It  also  unites  with  hydriodic  acid 
(PawloW),  and  with  hydrochloric  acid,  but  the  compounds  are  extremely  unstable  ; 
if  it  is  saturat-ed  with  hydrochloric  acid,  and  the  resulting  product,  afler  washing 
with  water,  be  digested  with  an  alcoholic  solution  of  potassic  cyanide,  and  the 
solution  then  heated  with  an  alkali,  a  crystalline  acid  of  the  formula  CgH^^NO, 
is  obtained,  from  which  the  nitrogen  is  not  eliminated  in  the  form  of  ammonia 
on  boiling  with  alkali,  neither  is  it  di(«placed  by  the  action  of  nitrous  acid 
(Maxwell  Simpson,  Ann.  Chem.  Pharm.,  cxlviii.  351).  Mesityl  oxide  yields 
mesitylene  on  treatment  with  concentrated  sulphuric  acid,  but  it  is  doubtful 
whether  this  hydrocarbon  is  formed  merely  by  the  withdrawal  of  the  elements 
of  a  molecule  of  water,  as  by  boiling  with  very  dilute  sulphuric  acid  it  is  com- 
pletely reconverted  into  dimethyl  ketone  (Claissen). 

Three  (^)  ketones  isomeric  with  mesityl  oxide  have  been  described : 
metacetonet  dumcuin,  and  allylacetone.  Metacetone  was  first  obtained  by  Fremy 
on  distillation  of  sugar,  charcoal,  and  gum  with  lime  (oomp.  Benedikt,  ibid., 
clxii.  303).  It  boils  at  about  84°  (i83'*2  F.),  and  on  oxidation  yields  acetic 
and  propionic  acids ;  it  does  not  combine  with  acid  sulphites ;  phosphoric  penta- 
chloride  and  most  of  the  ordinary  reagents  decompose  it  more  or  less  completely. 
As  it  yields  propionic  acid  on  oxidation,  it  does  not  appear  probable  that  it  is 
formed  by  condensation  of  dimethyl  ketone,  as  has  been  supposed ;  a  compound 
formed  by  condensation  of  ethaldehyde  and  methylethyl  ketone :  CHj.COH  + 
CH,.CO.C,H,  =  CH,.CHzzCHCO.C,H,,  however,  would  doubtless  exhibit  the 
behaviour  of  metacetone,  and  it  is  quite  possible  that  it  is  so  formed. 

Dumasin  is  a  product  of  the  distillation  of  acetates ;  it  is  a  colourless  oil, 
boiling  at  120° — 125°  (248° — 257°  F.),  and  forming  a  crystalline  compound 
with  acid  sulphites ;  it  yields  oxalic  acid  on  oxidation  with  concentrated  nitric 
acid(Gomp.  Fittig,  ibid.,  en,  21). 
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Allylaceione :   CH,.CX).CH2.CHj.CHlzCH3,   is   obtained  on  decomposing 

ethjlicallylaoetoacetate,COOC,H,.CH|^^^^_^jj    with  alkalies;  it  is  a 

colourless  liquid,  boiling  at  128'— 130°  (262®*4 — 266''  F.),  which  does  not 
combine  with  acid  8u1pliites,  and  on  oxidation  yields  acetic  and  oxalic  acids,  the 
isocrotonic  acid,  CH^CH.CH,.COOH,  which  is  probably  first  produced,  being 
further  oxidized  (Zeidler,  ibid.,  clxxxvii.  34). 

The  homologue  oi'meaity  I  oxide,  CgHj^O,  formed  in  the  preparation  of  methylethyl 
ketone,  boils  at  about  168*^  (334°'4  ^0;  ^^'^  of  ^^^  formula  C^H^gO,  obtained 
in  the  preparation  of  methylisopropyl  ketone,  boils  at  about  190°  (374°  F.) ; 
and  that  of  the  formula  C^H^^O,  obtained  as  bye-product  in  the  preparatioti  of 
methylisobutyl  ketone,  boils  at  about  218°  (424'''4)  (Pawlow). 

(1683)  Methylcinnamtl  KETONE :  CH,.CO.CH—CH.CjHg,  obtained  by 
distilUtion  of  a  mixture  of  calcic  acetate  and  cinnamate,  is  a  colourless  oil,  boiling 
at  241**  (465''*8  F.);  it  forms  crystalline  compounds  with  acid  sulphites  (Engler 
and  Leist,  ibid,.,  vi.  254). 

(1684)  Phorone. — This  name  is  applied  to  two  isomeric  bodies  of  the 
formula  C^H^^O,  one  solid  and  the  other  liquid,  formed  by  condensation  of  acetone. 
The  former  is  best  prepared  by  the  action  of  hydrochloric  acid  (Baeyer ;  Claissen, 
loc,  cit);  the  latter  is  a  product  of  the  action  of  sodium  (Staedeler),  and  of  lime 
(Fittig),  and  is  also  obtained  by  distillation  of  sugar  with  lime  and  in  a  similar 
manner  from  camphoric  acid  (comp.  Kachler,  ibid.,  clxiv.  79).  The  solid  body 
forms  large  prisms  which  melt  at  28°  (82'''4  F.),  and  boil  at  196°  (384°*8  F.). 
On  oxidation  with  chromic  acid  mixture,  it  yields  acetic  and  oxalic  acids,  and  on 
reduction  is  converted  into  a  crystalline  compound  of  the  formula  C^fi^fi ;  it 
forms  a  crystalline  tetrabromide,  C^U^^OBr^,  and  is  resolved  into  mesityl  oxide 
and  acetone  by  boiling  with  dilute  sulphuric  acid  (Claissen).  It  yields  pseudo- 
cumene,  0^11,(0113)3,  on  distillation  with  phosphoric  anhydride  (Jacobsen, 
Deut.  chem.  Ges.  Ber.,  x.  855).  Phorone  therefore  exhibits  considerable 
resemblance  to  mesityl  oxide,  and  consequently  it  may  be  represented  by  a 
similar  foramla,  viz.,  (OH,)^OlzOH.OO.OHzzC(OH,)3 ;  i.e.,  it  may  be  re- 
garded as  formed  from  a  molecule  of  acetone  and  a  molecule  of  mesityl  oxide  in 
the  same  way  that  the  latter  is  formed  from  2  mols.  of  the  former.  This  appears 
to  be  the  most  probable  formula  which  can  be  assigned  to  phorone,  as  it  is  formed 
on  heating  nitrosotriacetonamine  with  potassic  hydrate  solution  (Heintz),  triace- 

OH3.OO.OH, 
tonamine  beinflr  apparently  a  compound  of  the  formula :  I  I 

(CH,),C.NH.C(CH.).. 

Liqnid  phorone  boils  at  about  210°  (410°  F.);  it  yields  acetic  acid  and  adipic 
acid,  0^113(00011)2,  on  oxidation  (Kachler),  and  on  treatment  with  phosphoric 
anhydride  is  converted  into  pseudocumene.  The  condensation  of  acetone  would 
appear  therefore  to  take  place  in  a  totally  different  manner,  according  as  acid 
or  alkaline  agents  are  employed ;  the  manner  in  which  the  latter  act,  however, 
is  at  present  quite  obscure. 

(1685)  Ethylbnedibthtl  KETONE:  0,H^(C0.03H3), ;  Phekylenedi- 
ETHYL  KETONE:  C3H^(0O.C3H3)j. — The  first  of  these  compounds  is  obtained  by 
the  action  of  zincic  ethide  on  succinic  chloride,  0,11^(0001)2 ;  the  second,  in  a 
similar  manner,  from  phthalic  chloride.  The  ethylene  ketone  is  liquid,  and  can- 
not be  distilled ;  the  phenylene  ketone  forms  large  colourless  crystals,  possessing 
a  fruity  odour,  which  melt  at  52^  (i25°'6  F.);  neither  combines  with  acid  sul- 
phites (Wischin,  Ann.  Chem,  Phamu,  cxliii.  259). 

(OH) 

(1686)  DipuENYLENB  KETONE:   CO  <  «•„*  >  ,  is  formed  by  distillation  of 

diphenic  acid,  0,11^(00011)  .C3H^(00OH),  with  excess  of  lime,  and  on^^dation 
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of  diphenylenemet;haiie  or  fluorene  (1383).  It  crystallizes  from  alcohol  in  pale 
yellow  plates,  melting  at  84®  (i83°'2  F.),  and  boiling  above  300°  (572"  P.); 
when  carefully  fused  with  potassic  hydrate,  it  is  converted  into  the  potasuic  salt  of 
phenylbenzoic  acid,C,H,.C,H^.COOH  (Fittig  and  Ostermayer,  ibid,,  clxvi.  374). 

(1687)  Camphob  :  Cj^HjjO. — The  nature  of  this  compound  is  at  present  far 
from  determined,  but  as  there  is  some  reason  to  suppose  that  it  belongs  to  the  daaa 
of  ketones,  it  may  conveniently  be  described  here.  Comnwn  or  laurel  camphor 
is  produced  in  the  island  of  Formosa  and  Japan,  being  obtained  from  the  Laurus 
campkora,  a  tree  which  is  found  throughout  Central  China  and  in  the  Japanese 
Islands.  This  variety  is  dextrorotatory.  The  oil  of  feverfew  {Pyret&rum 
parihenium)  contains  a  substance  which  apparently  resembles  ordinary  camphor 
in  all  respects  excepting  that  it  manifests  an  optical  activity  of  equal  extent,  but 
of  opposite  sign ;  the  oils  of  many  labiate  plants,  such  as  lavender,  maijoram,. 
rosemary  and  sage,  are  also  said  to  contain  camphors,  differing  merely  from 
ordinary  camphor  in  their  behaviour  to  polarized  light,  being  in  somes  cases 
optically  inactive.  A  substance  resembling  ordinary  camphor  is  formed  on  oxi- 
dation of  some  of  the  terpenes  (p.  237).  None  of  these  (?)  isomerides  of  ordinary' 
camphor  have  been  sufficiently  examined,  however. 

In  order  to  extract  the  camphor,  the  wood  is  cut  into  small  chips,  which  are 
then  exposed  to  the  vapour  of  boiling  water  in  a  rude  kind  of  still  (vid.  JPkar- 
macographia,  p.  46 1 ) ;  the  crude  camphor  which  volatilizes  is  usually  exported 
without  further  purification.  The  so-called  camphor- oil  which  drains  from  the 
crude  camphor,  according  to  Beckett  and  Wright  (Joum.  Chem,  Soc,  xxix.  7), 
is  a  complex  mixture  probably  containing  a  terpene,  a  body  having  the  composi- 
tion C^^HjgO,  and  a  liquid  oil  containing  less  hydrogen  than  camphor,  together 
with  much  camphor.  Crude  camphor  is  purified  in  Europe  by  sublimation  in 
peculiar  glass  flasks,  and  is  sent  into  the  market  as  refined  camphor  in  the  form  of 
large  bowls  or  concave  cakes,  each  of  which  has  a  round  hole  in  the  bottom  corre- 
sponding to  the  aperture  of  the  vessel  in  which  the  sublimation  has  been  conducted. 

Camphor  is  a  colourless  crystalline  solid  of  peculiar  odour,  very  slighdy 
soluble  in  water,  readily  soluble  in  alcohol,  ether,  chloroform,  carbonic  bisulphide, 
and  many  other  liquids;  it  melts  at  175°  (347*^  ^O*  <^^  ^*^^  ^^  ^^5* 
(401°  F.),  volatilizing  rapidly  even  at  ordinary  temperatures.  By  spontaneous 
and  extremely  slow  sublimation,  it  may  be  obtained  in  lustrous  hexagonal  plates 
or  prisms.  It  is  extremely  tough,  and  cannot  be  pulverized  per  se,  but  if 
moistened  with  any  of  the  liquids  which  dissolve  it,  pulverization  is  effected 
without  difficulty.  Its  apparent  sp.  rotatory  power  in  solution  varies  according 
to  the  strength  of  the  solution  and  the  nature  of  the  solvent,  the  value  of  [a]o 
in  the  case  of  alcoholic  solutions  containing  9*68,  30*16,  and  54*7  percent 
respectively  of  their  weight  of  camphor  being,ibr  example,  42°*8,44°'9,and  47^8 ; 
its  absolute  sp.  rot.  power  determined  by  the  method  described  on  pp.  574 — 576 
being  at  20°  (68°  F.)  [a]j>  =  55**-6  (Landolt,  Deut.  chem.  Ges.  £er„  ix.  914). 

Camphor  does  not  unite  with  acid  sulphites,  nor  is  it  oxidized  by  prolonged 
heating  with  a  concentrated  solution  of  potassic  dichromate  and  sulphuric  acid.  It 
absorbs  hydrochloric  acid,  sulphurous  anhydride,  and  nitric  peroxide  gases  in 
quantities  varying  according  to  temperature  and  pressure,  forming  oolouriees 
liquids  which  are  at  once  decomposed  by  water  (Bineau,  Ann.  Chim.  Phye.  [3], 
xxiv.  328);  it  also  unites  with  hydriodic  acid,  forming  a  crystalline  com- 
pound Cj^HjylO  (Kekul^  and  Fleischer,  ibid.,  vi.  934);  and  on  treatment  with 
nitric  acid,  it  yields  an  oily  substance  of  the  composition  (C^^Hj,0),.N^O^  which 
is  also  decomposed  by  water  (Kachler,  Ann.  Chem.  Pharm.,  clix.  283).  It  is 
not  affected  by  the  ordinary  reducing  agents,  but  if  dissolved  in  an  inert  liquid 
such  as  toluene  and  heated  to  about  90°  (194®  F.)  with  sodium,  it  is  converted 
into  sodium  camphor,  C^H^^NaO,  and  the  hydrogen  thus  displaced  acts  on 

Digitized  by  VjOOQ IC 


l68j.']  CAHPHOB.  791 

another  portion  of  the  camphor  forming  homeol,  Cu^H„(OH)  ;*  by  the  action  of 
ethylic  iodide  on  sodium  camphor,  ethjlcamphor,  Cj^Hjj(C,h3o,  is  produced  as 
a  colourless  liquid,  boiling  at  226°— 229^  (438°-8— 444°  F.)  (Baubigny,  Ann. 
Chim,  Pkyg,  [4],  xix.  230).  Phosphoric  pen tachloride  readily  actson  camphor,di8« 
placing  Its  oxygen  by  chlorine;  the  resulting  compound,  Cj^jH^^Cl,,  is  crystalline, 
and  is  resolved  by  slow  distillation  into  hydrochloric  acid  and  cy  mene,  C^gH,^.  Cam- 
phor also  yields  cymene  on  distiUation  with  zincie  chloride,  or  phosphoric  anhydride 
or  pentasulphide  (Pott;  comp.  Fittica,  Ann.  Ckem,  Fharm,,  clxxii.  303) ;  in  no 
case,  however,  is  cymene  the  only  product :  both  lower  and  higher  homologues 
of  this  hydrocarbon,  viz.,  toluene,  xylene,  mesitylene  and  laurene  (p.  296), 
being  formed  when  zincio  chloride  is  employed ;  whilst  with  phosphoric  pentasul- 
phide a  considerable  quantity  of  thiocymophenol,  Cj^H^^.SH  (Flesch ;  Fittica), 
and  of  higher  and  lower  homologues  of  benzene  (Armstrong)  is  produced ; 
apparently  the  cymene  obtained  with  the  aid  of  phosphoric  anhydride  is  a  purer 
product,  but  in  this  case,  according  to  Lippman  and  Longuinine  {Zeits,  Ckem. 
[2]*  V.  413,  and  Rommier  (^Compt,  Bend,,  Ixviii.  930),  small  quantities  of  phenol 
and  cresol  are  formed.  By  boiling  camphor  for  some  time  with  about  one-fifth 
of  its  weight  of  iodine,  a  considerable  amount  of  carvacrol  or  orthomethyl 
metapropylphenol,  C,^Hj,.OH  (p.  495),  is  produced  (Fleischer  and  Kekul^, 
I>etU,  chem.  Qes.  Ber.,  vi.  934);  colophene,  C^H^,  and  cymene  and  other 
hydrocarbons  of  the  benzene  series,  are  also  largely  Ibrmed  (Armstrong).  By 
passing  its  vapour  over  heated  soda  lime,  or  by  boiling  it  with  an  alcoholic 
solution  of  potassic  hydrate,  and  also  by  the  action  of  potassium  on  a  solution  of 
camphor  in  petroleum,  campholic  acid,  C^^H^^O,,  is  produced  (Kachler,  Ann. 
Chem.  Pharm.y  clxii.  259).  By  prolonged  boiling  with  nitric  acid  of  sp.  gr.  1*37, 
camphor  is  converted  into  camphoric  acid,  C,^H,,0^  =  C,Hj/COOH),,  which 
on  further  oxidation  by  nitric  acid  yields  camphoronic  acid,  C,Hj,Oj  =  (P) 
^T^9{0H)(C00R\  (Kachler,  iiirf.,  clix.  281);  by  heating  camphoronic  acid 
witii  bromine  and  water  it  is  converted  into  oxycamphoronic  acid,  C,H„0., 
which  apparently  is  also  a  trihydric  dibasic  acid  (Kachler).  According  to 
Kulhem  {ibid.,  chixl  231),  if  the  boiling  with  nitric  add  be  continued  for 
a  long  time,  a  crystalline  body,  which  he  terms  dimtrohcptylic  (P  hex)  acid 
^«^.io(^^t)  A»  "  obtained.  The  behaviour  of  these  oxidation  products  is  of 
considerable  importance  as  throwing  light  on  the  constitution  of  camphor  itself. 
Thus  on  heating  camphoric  acid  with  a  considerable  quantity  of  a  saturated 
solution  of  hydriodic  acid  at  200°  (392®  F.)  it  yields  the  hydrocarbon  hexhydro- 
metaxyUne,  C,H„  =  C,Hj^(CH,),,  which  by  oxidation  is  converted  into  wo- 
phthalir  acid,  C.H^(COOH)„  and  forms  trinitrometaxylene,  C,H(NO,),(CH,)„ 
on  treatment  with  a  mixture  of  concentrated  nitric  and  sulphuric  acids  (Wreden, 
ibid.,  okxxvii.  153).  By  carefully  fusing  camphoric  acid  with  potassic  hydrate  it 
is  converted  iniapimelic  acid,  C,Hj/COOH),  (Hlasiwetz  and  Grabowski;  Kachler, 
ibid.,  olxix.  168);  camphoronic  add,  when  similarly  treated,  yielding  butyric 


•  The  compound  thus  obtained  exhibite  most  of  the  properties  characteristic 
of  the  borneol  extracted  from  the  Ihyabalanops  camphora,  differing  only  in 
its  optical  activity  ;  but  different  specimens  exhibit  different  rotatory  powers 
(Montgolfier,  Compt.  5«ii.,lxxxi.34i  ;lxxxiv.  445).  Borneol muchresemblescam- 
phor  in  appearance,  but  forms  brittle  crystab  melting  at  198**  (388''-4  F.),  and 
boils  at  212^  (4^3°*6  F.) ;  it  is  converted  into  camphor  by  oxidation  with  nitric 
acid  ;  hydrochloric  add  and  phosphcfric  pentaohloride  convert  it  into  a  crystalline 
compound,  Cj^H^yCl,  which  melts  at  132''  (269°-6  F.),  and  is  reconverted  into 
camphor  hy  the  action  of  hypochlorous  acid  (Kachler).  When  heated  with  aoids, 
borneol  yields  salts  such  as  the  stearate  C„H„0,.C„Hjy  (Berthelot). 
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acid  in  accordance  with  the  equation  :  C^H^O,  +  2H  +  OH,  =  2C^H,0,  +  CO,, 
and  this  acid  is  also  obtained  from  oxycamphorouic  acid(Kachler,  ibid,,  dix.  295). 
Both  camphoronic  and  oxycamphoronic  acids  are  bodies  of  remarkable  stability, 
being  little  acted  upon  even  by  prolonged  boiling  with  nitric  acid ;  the  former  may 
be  heated  with  bromine  at  1 50°  (302''  F.)  without  forming  substitution  derivatives. 

According  to  Weyl  {DeiU.  chem.  Ge$.  Ber ,  i.  96),  when  camphor  is  heated 
at  200"  (392°  F.)  with  a  saturated  solution  of  hydriodic  acid,  a  mixture  of  three 
hydrocarbons  of  the  compoMition  CyHj^ ,  C,^H„  and  Cj^H,,  is  obtained;  the 
hydrocarbon  C^o^is  *PP^*"  to  yield  four  distinct  acids  on  oxidation,  but  is  chiefly 
converted  into  uvitio  or  methylLsophthalic  acid,  C,H,(CH,)(COOH),. 

Camphor  unites  directly  with  bromine  to  form  a  crystalline  highly  unstable 
dibromide,  C,^H^^Br,0,  which  splits  up  on  distillation  into  hydrobromic  acid  and 
monohromocamphor,  C^^H^^BrO;  this  compound  boils  at  274°,  is  easily  soluble 
in  alcohol,  and  crystallizes  in  prisms,  which  melt  at  76^  (i68°'8  F.) 
(525^*2  F.) ;  it  is  not  decomposed  by  an  alcoholic  solution  of  potassic  hydrate 
(Swarts;  Perkin).  On  heating  it  with  bromine  at  120°  (248°  F.),  dibromo- 
camphor  is  produced  (Swarts).  Monocklorocamphor,  C,^Hj^C10,  is  formed  by 
the  action  of  a  solution  of  hypochlorous  acid  on  camphor;  according  to  Wheeler, 
it  melts  at  95°  (203®  F.),  and  is  converted  into  oxtfcamphor,  Cj^H^^O,,  by  the 
action  of  an  alcoholic  solution  of  potassic  hydrate  (ibid.,  cxlvi.  81).  Tetra-  and 
pentachlorocamphor  are  said  to  be  produced  on  passing  chlorine  into  a  solution 
of  camphor  in  phosphoric  trichloride  (Claus). 

Cotutitution  of  camphor. — Prom  the  fact  that  it  is  not  altered  by  heating 
with  stearic  and  similar  acids  (Berthelot),  that  it  does  not  furnish  an  acetyl 
derivative  when  heated  to  230® — 250°  (446'' — 482**  F.)  with  acetic  chloride  or 
anhydride  (Baubigny),  and  that  it  exchanges  an  atom  of  oxygen  for  two  atoms 
of  chlorine  when  treated  with  phosphoric  pentachloride,  there  can  be  little  doubt 
that  camphor  does  not  contain  the  group  OH,  and  therefore  that  it  does  not 
belong  to  the  class  of  alcohols  ;  moreover,  it  does  not  manifest  the  properties  of 
an  aldehyde,  as  it  resists  oxidation  by  chromic  acid.  The  oxygen  must  there- 
fore be  regarded  as  present  either  in  the  form  in  which  it  is  contained  in 
ethylenic  oxide  or  in  the  ketones ;  its  conversion  into  bomeol,  which  has  the 
properties  of  an  alcohol  and  is  readily  reconverted  into  camphor  on  oxidation,  and 
its  general  behaviour,  are  more  in  accordance  with  the  latter  view,  which  has 
been  adopted  by  Kachler  and  Kekul^,  and  is  probably  that  most  generally  enter- 
tained by  chemists.  The  following  formul»  have,  however,  been  proposed  at 
various  times  for  camphor  (comp.  Kekul^,  DeiU.  chem.  Get.  Ber,,  vi.  929)  : 


H,C — CH, 


CH. 


CHg.C  C.C,H 


iijVy         tills  -I        I  x  «^      ^    ' 


HC.O.CH  \   /  «,x.      v,^  ^ 

y.M^er.  HLuiwetz.  Eaohler.  Eekold. 

Hlasiwetz  bases  his  formula  on  the  relation  of  camphor  to  the  terpenes  and  on 
Bauer's  synthesis  of  a  terpene  from  diamylene  (1237);  he,  however,  wrongly 
regards  thiit  define  as  a  "normal"  compound  (ibid.,  in.  539)*  Meyer, 
Kachler,  and  Kekul^  assume  the  existence  of  the  C^H^  group  on  account  of 
the  formation  of  cymene  or  paramethylpropylbenzene  by  the  action  of  dehydrating 
agents,  Kekul^  laying  especial  weight  on  this  transformation  of  camphor.  The 
formulee  which  have  been  assigned  to  camphoric  acid,  which  are  of  importance  as 
showing  the  manner  in  which  the  oxidation  of  camphor  has  been  supposed  to 
take  place,  are  as  follows  : 
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C(CH,){0OOH)  CB,  CH-CsHt 

H,C       CH,  H,C       CH.C,H4.C00H  H,C       COOH 

H^       C(CH,)(CX)OH)  H,C       Ca.COOH  HC       COOH 

^  /  \/  \/ 

CH,  CH,  C.CH, 

Wreden.  Eachler.  Eeknl^. 

There  are  many  reasons,  however,  for  doubting  the  oorrecbiess  of  all  these 
formube  for  camphor  and  camphoric  acid,  especially  those  proposed  by  Meyer, 
Kachler  and  Kekul^.  Weyl's  observation  that  the  hydrocarbon  Cj^H^^,  obtained  by 
heating  camphor  with  hydriodicacid,yield8  a  methylisophthalic  acid  (OH, :  COOH  : 
COOH  =1:3:5),  on  oxidation  cannot  be  reconciled  with  the  assumption  that 
camphor  is  a  propyl  derivative,  supposing  no  ii«omeric  change  to  take  place  in  the 
formation  of  the  hydrocarbon ;  and  the  fact  that  the  hydrocarbon  obtained  from  cam- 
phoric acid  by  heating  it  with  hydrochloric  or  hydriodic  acid,  is  a  metadimethylben- 
zene  (CH, :  CH^  =1:3)  derivative  would  appear  to  necessitate  a  similar  conclusion. 
Moreover,  it  is  diflScult  to  understand  the  resistance  which  camphor  opposes  to  oxi- 
dation if  it  be  a  propyl  derivative,  and  still  less  that  of  camphoronic  and  oxycam- 
phoronio  at-ids ;  the  fact  that  bromine  is  without  action  on  camphoronic  acid  even 
at  150®  (302°  F.)  is  also  worthy  of  note.  But  in  this  respect  even  if  camphor 
contain  the  propyl  group,  the  manner  in  which  this  group  is  supposed  by 
Kachler  to  undergo  oxidation  appears  improbable ;  and  Kekul^'s  formula  for 
camphoric  acid  is  equally  improbable,  as  it  is  impossible  to  explain  by  it  the  con- 
version of  the  acid  into  a  metaxylene  derivative  by  the  action  of  hydriodic  acid, 
as  according  to  our  present  experience  a  reducing  agent  of  this  kind  would  not 
lead  to  the  formation  of  a  compound  in  which  the  chain  of  carbon  atoms  is 
"  closed"  from  one  in  which  it  is  "  open."  As  Hlasiwetz  has  pointed  out,  the 
formation  of  cymene  from  camphor  cannot  be  regarded  as  absolute  proof  that  the 
latter  is  a  propyl  derivative  on  account  of  the  simultaneous  formation  of 
homologous  hyjdrocurbons,  which  indeed  appear  to  constitute  a  very  considerable 
proportion  of  the  entire  product  in  some  cases  ;  it  may  be  remembered  also  that 
we  have  pointed  out  that  in  the  case  of  the  terpenes,  the  evidence  that  these  com- 
pounds are  normal  propyl  derivatives  is  by  no  means  conclusive,  although  th<>y 
readily  furnish  cymene  (p.  290).  Eachler  does  not  expressly  state  that  the 
butyric  acid  he  obtained  by  fusing  camphoronic  acid  with  potassic  hydrate  was 
the  normal  acid,  CH,.CH.^.CH,.COOH  ;  if,  however,  it  is  the  normal  acid  which  i» 
produced,  there  is  not  only  evidence  that  camphor  is  not  a  propyl  derivative,  but 
it  is  even  probable  that  radicles  of  the  form  (CqHj  „  4.  j)  do  not  enter  into  its  com- 
position ;  and  of  all  the  formulsB  which  have  beeu  proposed,  that  of  Hlasiwetz 
would  appear  to  approximate  most  closely  to  the  requirements  of  theory.  Much 
further  study  of  camphor  and  its  derivatives  is  necessary,  however,  and  the  state- 
ments which  have  been  made  with  regard  to  the  hydrocarbons  obtained  from  it, 
and  the  behaviour  of  its  derivatives  on  fusion  with  potassic  hydrate,  must  be 
substantiated  before  it  will  be  possible  to  construct  a  formula  which  shall  exhibit 
in  a  satisfactory  manner  the  results  of  experimental  inquiry. 

§  IV.    QUINONES. 

The  name  quinone  was  originally  applied  by  Berzelins  to  the 
compound  C^H^Og  first  obtained  by  Woskresensky  in  1838  by 
oxidation  of  quinic  acid^  but  it  is  now  applied  to  a  number  of 
bodies  analogous  to  it  in  composition,  and  which  exhibit  in  a 
more  or  less  marked  degree  its  peculiar  characteristic  qualities. 
The  quinones  are  all  derivatives  of  hydrocarbons  of  the  benzene 
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series  or  of  isologous  hydrocarbons,  such  as  naphthalene  and 
anthracene ;  the  view  most  generally  entertained  with  regard  to 
their  constitution^  first  suggested  by  Graebe,  is  that  they  are 
formed  from  these  hydrocarbons  by  the  displacement  of  two 
atoms  of  hydrogen  by  two  atoms  of  oxygen  which  together  act 
as  a  dyad  radicle.  The  hydrogen  atoms  thus  displaced  are 
always  such  as  are  associated  with  carbon  atoms  forming  part  of 
a  closed  chain. 

There  are  three  general  methods  of  obtaining  quinones. — i, 
By  oxidation  of  the  quinols  (hydroquinones) — i.e.,  the  dihydric 
phenols  in  which  the  OH  groups  occupy  relatively  the  positions  1 14. 
Thusquinol  (hydroquinone),  CgH^(OH)2,  yields  quinone,  CgH^Oy 
The  oxidation  is  very  readily  effected,  the  quinols  being  at  once  con- 
verted into  the  corresponding  quinones  on  merely  adding  nitric 
acid,  or  a  solution  of  potassic  dichromate  and  sulphuric  acid,  to 
their  aqueous  solutions,  and  in  many  cases  mere  exposure  to  the  air 
is  suflScient.  The  reverse  change,  that  of  the  quinones  into  quinols, 
takes  place  with  equal  facility,  being  in  most  cases  effected  by 
means  of  so  feeble  a  reducing  agent  as  sulphurous  acid  without 
the  aid  of  heat,  or  by  digestion  with  a  solution  of  hydriodic  acid 
and  phosphorus.  2.  fiy  oxidation  of  diamido-derivatives  of 
hydrocarbons  of  the  benzene  and  isologous  series,  and  of  amido- 
derivatives  of  the  monohydric  phenols,  this  being  the  method 
most  generally  available  for  their  preparation.  Paradiamido- 
benzene,  CgH^(NHj)j,  and  paramidophenol,  CjH^(NHg).OH,  for 
example,  both  furnish  quinone,  C^H^O^,  on  oxidation.  It  is 
probable  that  the  formation  of  quinones  in  this  manner  is  pre- 
ceded by  that  of  the  corresponding  alcohols,  the  amido-gproup 
being  in  the  first  instance  displaced  by  OH.  3.  By  oxidation  of 
the  corresponding  hydrocarbons,  as  in  the  formation  of  anthra- 
quinone,  C^^HgOj,  from  anthracene,  C^JI-^q,  by  oxidation  with 
chromic  acid.  Quinones  have  not  been  prepared  from  hydro- 
carbons of  the  benzene  series  by  this  method,  however  j  they  are 
doubtless  formed  in  the  first  instance,  but  destroyed  by  further 
oxidation,  as  their  chlorinated  derivatives  and  chlorinated  quinols 
are  obtained  when  reagents  are  employed  which  simultaneously 
exert  an  oxidizing  and  chlorinating  action.  Thus,  when  benzene 
is  submitted  to  the  action  of  a  mixture  of  potassic  chlorate  and 
sulphuric  acid,  both  dichloroquinone,  CgHgClgOj,  and  trichloro- 
quinol  (trichlorhydroquinone),  C^HCl3{OH)2,  are  produced. 

(1688)  QuiNONB;  benzoquinone :  C^H^,. — This  compound  is  formed 
Ly  oxidation  of  paradioxybenzene  or  quinol  (hydroqainone),  of  paradiamido- 
benzene  (parapbenylenediamine),  of  paramidopheaol,  and  of  paramidobeniene- 
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Bulphonio  acid,  but  not  of  either  of  the  iaomerio  dioxy-  or  diamidobenzenes, 
amidophenols,  or  amidobenzenesulphonic  acids ;  also  bj  oxidation  of  diparamido- 
diphenyl  or  benzidine,  of  amidobenzene  or  aniline,  and  of  quinio  acid, 
C,Hy(OH)^.COOH,  as  well  as  of  coffee  and  other  vegetable  sabntances  which 
furnish  qoinic  acid.  It  is  most  readily  prepared  by  oxidizing  aniline  with  sol- 
phnric  acid  and  potassio  dichromate  (Nietzki,  Deut,  dhem.  Ge».  Ber.,  x.  1934). 

Qainone  crystallizes  in  long,  golden  yellow  prisms,  difficultly  soluble  in 
water,  but  easily  in  alcohol  and  ether,  melting  at  1 16°  (240^*8  F.) ;  it  volatilizes 
at  ordinary  temperatures  and  readily  in  a  current  of  steam;  under  reduced 
pressure  it  may  be  completely  vaporized  at  the  temperature  of  boiling  aniline, 
when  it  has  a  vapour  density  corresponding  to  the  formula  O^H^^  (Hofmann). 
It  possesses  a  pungent  odour,  somewhat  like  that  of  iodine.  A  cold  aqueous 
solution  of  sulphurous  acid  rapidly  transforms  it  into  quinol  (hydroquinone), 
0,H^(OH),,  with  formation  of  sulphuric  acid.  When  exposed  either  alone  or  in 
aqueous  solution  to  the  air,  it  gradually  becomes  brown ;  and  if  its  aqueous 
solution  be  rendered  alkaline  with  ammonia  or  potassic  hydrate,  it  absorbs  oxygen 
and  deposits  a  brown  matter. 

Haloid  Dsbivativbs  of  Quivone. — Chlorinated  derivatives  of  quinone 
are  obtained  by  the  action  of  a  mixture  of  potassic  chlorate  and  hydro- 
chloric or  sulphuric  acid  on  all  substances  which  furnish  quinone  on  oxidation, 
and  also  by  direct  chlorination  of  quinone.  MonochloroquiTtone,  O^H^CIO,,  is 
obtained  together  with  the  higher  chlorinated  derivatives  of  quinone  on  distilling 
qninic  acid  with  manganic  dioxide, hydrochloric  and  sulphuric  acid;  it  forms  slender 
yellow  needles  melting  below  100°  (212^  F.)  (Stcedeler).  Sulphurous  acid  con- 
verts it  into  monochloroquinol  (monochlorhydroquinone — 1512),  C,HjCl(OH)j, 
which  is  also  formed  on  dissolving  it  in  concentrated  hydrochloric  acid. 
Dickloroquinone,  C,H,C1,0,(0  :  a  :  0  :  CI  =^  i  :  2  :  4  :  6),  is  most  readily  pre- 
pared by  the  action  of  concentrated  nitric  acid  on  trichlorophenol  (Faust,  Ann. 
Chem.  FAc^rm.,  cxlix.  149);  it  is  also  a  product  of  the  action  of  chlorous 
anhydride  and  of  chloric  acid  on  benzene  (Carius),*  and  of  the  oxidation  of 
diorthochloroparamidophenol,  C^H^C1,(NH,).0II.  It  crystallizes  from  alcohol  in 
straw-yellow  prisms,  melting  at  120°  (248°  F.),  and  readily  volatilizes  in  a 
current  of  steam ;  it  yields  dichloroquinol  on  reduction ;  it  dissolves  in  ammonia, 
forming  a  solution  which  gradually  turns  green,  then  reddish,  and  finally  brown, 
firom  which  acids  no  longer  precipitate  the  unaltered  substance.  By  the  pro- 
longed action  of  chlorine  and  of  chlor-oxidizing  agents  on  quinone  and  substances 
which  furnish  quinone  on  oxidation,  so-called  chloranil  is  obtained,  which  was 
long  regarded  as  tetrachloroquinone ;  Graebe,  however,  showed  that  it  was  a 
mixture  of  tri-  and  tetrachloroquinone,  which  cannot  be  easily  separated  by  the  aid 
of  solvents,  but  may  each  be  obtained  in  the  pure  state  by  digesting  the  mixture 
with  sulphurous  aeid  and  then  boiling  the  product  with  water,  which  removes 
the  trichloroquinol,  leaving  the  tetrachloroquinol  undissolved ;  the  quinols  are 
then  reconverted  into  the  quinones  by  oxidation,  and  the  latter  purified  by 
crystallization  (ibid.,  cxlvi.  i),  Graebe  prepares  chloranil  from  phenol  by  the 
action  of  potassic  chlorate  and  hydrochloric  acid;t  according  to  Stenhouse, 
(Jour.  Chem.  80c.,  xxi.  141 ;  xxiii.  6),  a  considerable  increase  of  yield  is 
obtained  if  the  product  be  submitted  to  the  action  of  chloride  of  iodine  in 

*  Krafft  has  recently  shown  (Deut.  chem.  Gee.  Ber.^  x.  797),  that  the 
trichlorophenomalic  acid  of  Carius,  which  was  said  to  be  formed  in  this  reaction 
together  with  dichloroquinone,  is  in  reality  trichloroquinol  (trichlorhydroquinone). 

t  Schreder  has  observed  that  the  mother-liquors  from  the  preparation  of 
chloranil  conUin  an  acid  of  the  formula  CC1,.C(0H),.C00H,  which  is  also 
formed  from  gallic  and  salicylic  acids  (ibid.,  dxxvii.  282). 
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presence  of  water.  Tricklaroquinone  forms  small  yellow  prisms,  meltiog  at 
about  165°  (329**  F.);  tetrachloroquinone  crystallizes  in  pale-yellow  ncales^ 
which  sublime  completely  without  melting  if  gently  heated,  but  if  suddenly 
heated  it  melts,  undergoing  partial  decomposition.  Both  are  insoluble  in  water, 
which  disAolyes  mono-  and  dichloroquinone,  and  difficultly  soluble  in  alcohol,  but 
more  soluble  in  benzene.  Both  yield  hexachlorobenzene,  C^Cl^,  when  heated  at 
180** — 200**  (356® — 392®  F.)  with  phosphoric  pentachloride  with  addition  of 
phosphoric  oxychloride  as  solvent  (Graebe) ;  with  acetic  chloride,  trichloroquinone 
yields  dicLcetyltetrachloroquinol,  C,C1^(0.C,H,0),,  which  is  also  produced  by  the 
action  of  acetic  chloride  on  tetrachloroquinol  at  ordinary  temperatures  (Graebe) ; 
when  digested  with  sulphurous  acid,  or  hydriodic  acid  and  ordinary  phosphorus 
(Stenhouse),  they  furnish  the  corresponding  quinol  derivatives ;  trichloroquinol 
is  scarcely  affected  by  treatment  with  sodium  amalgam  and  water.  Uesse  has 
described  a  number  of  remarkable  bodies  deriveil  from  tri-  and  tetrachloroquinone 
by  the  action  of  sulphites,  which  have  since  been  examined  by  Graebe,  who  has 
proposed  formulse  for  them  differing  somewhat  from  those  assigned  to  them  by 
their  discoverer.  Thus  on  adding  tetrachloroquinone  to  a  warm  dilute  solution 
of  potassic  sulphite,  two  sulpho-salta  are  produced,  one  of  which  Graebe  represents 
as  a  dichloroquinoldUulphonate :  C.Cl.O,  +  3K,S0,  +  OH,  =  C.C1,(0H),(S0,K), 
4-  2KCI  +  EHSO^ ;  regarding  the  other  as  formed  by  the  displacement  of  the 
four  atoms  of  chlorine  in  tetrachloroquinone  by  the  group  SO,K,  and  the  union 
of  the  resulting  compound  with  a  molecule  of  hydric  potassic  sulphite.  Potassic 
thiochronate,  C.(OH)(O.SO,K)(SO,K)^,  as  the  latter  salt  is  called,  is  resolved  into 
hydric  potassic  sulphite  and  potatsic  quinoldUulphonate,  C^H,(OH),(SO,K),, 
when  heated  with  dilute  hydrochloric  acid  solution  at  100°  (212®  F.);  and  by 
the  action  of  alkalies  it  is  converted  into  the  potassic  salt  of  euihiockronic  or 
dioxyquinonedisuljokanic  acid,  Cfi J()K\(SO^K\.  By  the  action  of  reducing 
agents  on  potassic  euthiocrouate,  the  potassic  salt  of  tetroxyhenzenedisulpkonic 
acid,  C^(OH)^(SO,K),,  is  produced.  Trichloroquinone  yields  the  potassic  salt 
of  trichloroquinoUulphonic  acid,  C/0H),C1,(S0,H),  on  treatment  with  potassic 
sulphite ;  and  by  the  action  of  potassic  hydrate  on  this  salt  in  presence  of  oxygen, 
the  potassic  salt  of  ckhrodioxyquinonesulp&onic  acid,  C^0,G1(0K),(S0^),  is 
produced. 

The  chlorine  in  tri-  and  tetrachloroquinone  is  also  readily  displaced  by  the  action 
of  alkalies ;  the  products  of  their  action  have  chiefly  been  studied  by  Koch,  Graebe, 
and  Stenhouse.  Thus  by  dissolving  chloranil  in  a  dilute  solution  of  potassic  hydrate, 
it  is  converted  into  the  potassic  derivative  of  so-called  chloranilic  acid  or  dichloro^ 
dioxyquinone,  C,C1,0,(0H),,  which  crystallizes  in  beautiful  purple-red  prisms ; 
the  "  acid*'  itself,  which  may  be  obtained  by  dissolving  the  salt  in  water  and 
adding  hydrochloric  acid,  forms  bright- red  shining  scales.  By  the  action  of 
reducing  agents,  dichlorodioxyquinone  is  converted  into  dichlorodioxyquinol  or 
dichlorotetroxyhenzene,  C,C1,(0H)^,  which  crystallizes  in  colourless  needles ;  it 
is  permanent  in  the  dry  state,  but  when  moist  absorbs  oxygen  and  is  reconverted 
into  the  parent  compound.  Acetic  chloride  at  100°  (212°  F.)  concerts  dichlon>- 
dioxyquinol  into  the  tetraoetyl  derivative,  C,C1,(0,H,0,)^ ;  and  when  acted  upon 
by  phosphoric  pentachloride  in  the  proportion  of  i  mol.  to  2  mols.  of  the  latter 
it  yields  a  tetracklorodioxyhenzene,  C,Cl^(OH)j,  which  differs  from  tetrachloro- 
quinol in  being  eai^ily  noluble  in  water  and  also  by  yielding  a  dark-green  oolonr 
with  ferric  chloride,  the  latter  circumstance  rendering  it  probable  that  it  is  a 
catechol  (pyrocatechin)  derivative. 

-  Mono-  and  dibromo-derivatives  of  qninone  are  unknown ;  a  mixture  of  tri- 
bromophenoi  and  tetrabromoquinone  is  formed  by  the  action  of  bromine  in 
presence  of  iodine  and  water  on  phenol  (Stenhouse)^  The  latter  compound  closely 
resembles  the  corresponding  ohloroquinone  in  properties.     If  bromine  is  added 
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to  water  in  which  bromanilic  acid,  C^Br,02(0H)g,  is  soBpended  until  the  latter 
is  dissoWed,  and  the  solution  is  then  allowed  to  fltand,  crystals  are  obtained 
which  apparently  have  the  composition  C^Br^jOH,  and  a  corresponding 
substance,  C^6r,Cl,0H,  is  produced  on  similar  treatment  of  chloranilic  acid 
(Stenhouse).* 

(1689)  QuiNHTDBONE. — When  solutions  of  quinone  and  of  quinol  are 
mixed  together,  the  two  combine  forming  so-called  quinhydrone,  which  crystal- 
lizes from  the  solution  in  long  flat  glistening  green-coloured  needles;  this 
substance  is  also  formed  by  incomplete  reduction  of  quinone,  and  by  partial 
oxidation  of  quinol.  According  to  Liebermann,  it  has  the  composition  Oj^H^^O^, 
as  very  nearly  the  theoretical  amount  is  obtained  when  the  quinone  and  quinol  are 
employed  in  simple  molecular  proportions.  It  dissolves  in  hot  water,  and  separates 
almost  entirely  from  the  solution  on  cooling,  but  is  decomposed  by  boiling  with 
water ;  reducing  agents  convert  it  into  quinol,  and  oxidizing  agents  into  quinone 
(Deut  fihem,  Ges.  Ber.,  x.  16 14).  The  bodies  homologous  and  isologous 
with  quinone  and  their  haloid  derivatives  mostly  form  similar  compounds. 

(1690)  Phbnoquinonb. — This  name  has  been  assigned  by  Wichelhaus  to 
the  compound  Cj^H^^O^  formed  together  with  quinol,  quinhydrone,  and  probably 
other  reduction  products  when  quinone  is  added  to  a  solution  of  phenol,  and 
also  by  careful  oxidation  of  phenol  (comp.  p.  476).  When  purified  by  sublima- 
tion, it  forms  beautiful  red  needles  with  green  metallic  lustre,  melting  at 
71°  (159^'S  F.) ;  it  dissolves  in  water,  and  when  heated  with  alkalies  or  acids 
is  readily  resolved  into  its  generators  or  their  products  of  decomposition.  From 
the  manner  in  which  it  is  formed  it  probably  has  the  formula  C^H^(O.OC,HJ,. 

All  the  phenols  appear  to  react  with  quinone  in  a  similar  way.  Thus  on 
mixing  solutions  of  quinone  and  pyrogallol,  pyrogalloquinone  at  once  separates, 
and  the  liquid  is  found  to  contain  only  quinol : 

aC.H,0.  +  2C.H.(0H).  =  C.H  (OH).  +  C.H.[O.OC.H,(OH)J, 

Qoinoue.  Pyrotfollol.  Qainol.  Pyrogalloquiuone. 

This  body  forms  brick-red  needles,  insoluble  in  water,  melting  at  about  200^ 

(392°  F.). 

Probably,  also,  all  the  homologues  and  isologues  of  quinone  which  are  with- 
out difficulty  converted  into  quinols,  resemble  quinone  in  their  behaviour  with 
phenols.  The  haloid  derivatives  of  the  quinones,  however,  act  somewhat  diffe- 
rently, trichloroquinone  yielding  quinhydrone  and  pyrogalloquinone,  respectively, 
on  treatment  with  quinol  and  pyrogallol,  whilst  tetrachloroquinone  is  converted 
into  tetrachloroquinol  by  heating  with  pyrogallol  at  100°  (212^  F.).  Thiophenol 
also  exerts  a  reducing  action  on  quinone,  converting  it  into  quinhydrone  and  quinol. 

By   the  action  of  aniline,  phenoquinone  is  converted  int^o  the  compound 

*  The  nature  of  these  remarkable  products  is  at  present  unknown,  but  it  is 
not  improbable  that  their  relation  to  benzene  is  less  simple  than  these  formulie 
indicate,  as  complex  bodies  have  been  obtained  by  the  action 'of  chlorinating  and 
brominating  agents  on  other  derivatives  of  benzene.  Thus  by  the  action  of 
bromine  in  presence  of  water  on  triamidophenol,  Weidel  and  Gruber  have 
obtained  the  compound  Cj^HgN^Brj^Oy,  which  is  converted  into  the  compound 
CjjH^BrjjOjj  by  warming  with  sulphuric  acid,  the  latter  being  probably  related 
to  the  bodies  C^H^Br^^O,  C,gH^Brj^O,,  Ac.,  obtained  in  a  similar  manner  by 
Stenhouse  and  Groves  from  catechol  and  pyrogallol  (pp.  525 — 548);  by  the 
continued  action  of  bromine  and  water,  the  compound  C^iaH^N^Br^jOy  is  converted 
into  hexabromacetonet  CBr,.CO.OBr,,  carbonic  anhydride  and  ammonia  being  the 
only  accessory  products  {Deut  chem.  Ges,  Ber,,  x.  1137).  Benedikt  also  has 
recently  obtained  the  compound  C^Br^OH  by  the  action  of  bromine  in  presence 
of  water  on  tribromophloroglucol ;  this  body  y\ti\di^  pentahromaceione  on  warming 
with  aloohol  (Ann.  Chem.  Pharm.,  dxxiix.  165).  ^.^^^^^  ^^  GoOgk 
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CjgHj^O^N,,  identical  with  the  suhitance  obtained  by  Hofmann  bj  the  action  of 
aniline  on  qninone,  and  which  may  be  represented  by  the  formula 
C,H^(O.NH.C,HJ,  (Wichelhaus).  The  action  of  aniline  on  tetrachloroqoinone, 
however,  is  analogous  to  that  of  alkalies,  the  compound  C^C1,0,(NH.C^H^, 
being  formed  (Hofmann). 

(1691)  Besobquivons. — Catechol  and  resorcinol,  the  isomerides  of  quinol, 
do  not  yield  substances  related  to  them  as  quinone  is  to  quinol  on  oxidation ;  bat 
as  already  mentioned  (pp.  523, 531),  the  so-called  pentabromoresorcinol  obtained 
by  the  action  of  bromine  in  excess  on  resorcinol,  on  warming  is  converted  into 
the  compound  C^HBr^O,,  with  loss  of  two  atoms  of  bromine ;  this  compound, 
which  is  isomeric  with  tribromoquinone,  is,  p^haps,  derived  from  a  body  bearing 
a  similar  relation  to  resorcinol  that  quinone  does  to  quinol.  It  dissolves  easily  in 
alcohol,  with  difficulty  in  ether,  benzene,  &c.,  crystallizing  in  small  needles,  which 
decompose  at  about  190^  (3/4°  ^•) ;  the  attempts  to  combine  it  with  hydrogen 
and  with  bromine  have  been  unsuccessful.  A  similar  compound  is  obtained 
by  the  decomposition  of  the  so-called  pentabromorcin  (Liebermann  and  Dittler). 

(1692)  ToLUQXTiNONE  or  Mbthtlquinonb  :  CH,.C,HjO,. — This  quinone 
is  formed  on  oxidation  of  orthometadiamidotoluene :  CH,.C^Hy(NH,), 
(CH,  :  NH,  :  ]SrH,=  1:2:5)  *"^  ^^  orthotoluidine ;  it  closely  resembles 
benzoquinone,  crystallizing  in  golden-yellow  scales,  which  melt  at  67*  (152**6 
F.)  ;  on  reduction  witL  sulphurous  acid,  it  is  converted  into  methylquinol, 
CHj.CgHg(OH)j,  which  forms  colourless  needles,  melting  at  124®  (2 5 5**' 2  F.) 
(Nietzki,  Deut.  chem,  Ges,  Ber.,  x.  833;  1934). 

According  to  Southworth  (Ann,  Chetn.  PAarm,,  dxviii.  268),  metacresol 
yields  only  dichlorotoluquinone,  and  orthocresol  a  mixture  of  di-  and  trichlorotolu- 
quinone,  on  tretitment  with  potassic  chlorate  and  hydrochloric  acid,  whilst 
paracresol  does  not  furnish  a  quinone  derivative ;  beech-tar  creasote,  aooordiog 
to  Gorup-Besanez,  when  thus  treated,  yields  a  certain  quantity  of  tetracklcro' 
ioluquinone  (oomp.  Brauninger,  ihid.,  clxxxv.  350). 

(1693)  Xyloquinone. — By  o'xidizing  the  portion  of  crude  phenol  boiling 
at  195° — 220"*  (374*^ — 428°  F.),  Rommier  and  Bouilhon  {Jahresh,,  1862,  322) 
have  obtained  a  substance — the  so-called  pklorone — of  the  composition  of 
xyloquinone,  C^HjO,,  which  crystallized  from  water  in  long,  very  slender  yellow 
needles,  melting  at  about  61**  (i4i°*8  F.).  According  to  Gorup-Besanez,  a 
tetrachlorinated  xyloquinone  is  formed  in  small  quantity  on  treating  certain 
beech-tar  creasotes  with  hydrochloric  acid  and  potassic  chlorate. 

(1694)  OXYMETAXYLOQUINONB  Or  OxYDIMETHYLQUINONB :   CgH^O,  = 

(CH,),C,H(OH)0,. — This  compound  is  formed  by  the  oxidation  of  diamido- 
mesitylene  (CH,)3C^H(NH,)j.  It  crystallizes  from  water  in  orange-red 
needles,  and  like  benzoquinone  is  very  volatile,  and  has  a  pungent  odour ;  it 
melts  at  103°  (2i7°'4  F.).  Its  aqueous  solution  is  immediately  coloured  a 
magniBcent  reddish  violet  by  the  addition  of  a  trace  of  any  alkaline  sobstaDoe 
in  consequence  of  the  formation  of  the  corresponding  metallic  derivative,  of  which 
several  have  been  prepared;  the  potassium  compound,  C,H,(OK)0,,  forms 
small  black  needles  extremely  soluble  in  water.  On  reduction,  it  yields  trioxy^ 
metaxt/lene,  (CH,),C^H(OH),,  which  crystallizes,  with  a  molecule  of  water,  in 
large,  colourless,  flat,  apparently  monoclinic  prisms,  melting  at  89°  (i92**'2  F.), 
whilst  the  anhydrous  compound  melts  at  about  122^  (25i°'6  F.).  It  oxidizes 
on  exposure  to  the  air  with  formation  of  the  corresponding  quinhydrone,  which 
crystallizes  in  needles  resembling  potassic  permanganate,  melting  at  about 
143°  (289***4  F.)  ;  ferric  chloride  reconverts  it  into  the  oxy quinone.  On  dis- 
tillation o'/er  heated  zinc  dust,  trioxymetaxylene  is  reduced  to  metaxylene  (Fittig 
and  Siepermann,  Ann,  Chem.  "Pharm.,  clxxx.  23). 

(1695)  Cymoquinonb  or  Methylpbopylquinoke;  thymoquxnone:  C,^H„0, 
=  C,Hy».C^Hg(CH,)0,, — This  quinone  is  formed  by  oxidation  of  both  thymol-  and 
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carvaorolsalphonic  aoids  (p.  494).  bat  is  best  prepared  by  distilliog  the 
amidothymol  obtained  by  reduction  of  nitrosothymol  with  a  concentrated  solution 
of  ferric  chloride.  It  crystallizes  in  yellow  glistening  plates,  melting  at 
45°'5  (ii3°'9  F.),  and  boils  at  about  200°  (392°  F.)  without  decomposing 
(Carstanjen) ;  when  kept,  however,  especially  if  moist,  it  appears  to  be  polymerized, 
being  converted  into  a  white  poroelain-like  substance,  which  crystallizes  from 
alcohol  in  long  yellowish-white  needles,  melting  at  about  aoo°  (39^^  P) 
(Liebermann.)  The  quinone  is  extremely  volatile,  and,  like  the  homologous 
oompoands,  possesses  a  pungent  odour.  By  the  action  of  sulphurous  aoid, 
it  is  first  converted  into  thymoquinhydrone,  which  crystallizes  in  black 
needles,  and  then  into  thymoquinol  (hydrothymoquinone — 1521).  It  dis* 
solves  in  a  concentrated'  solution  of  potassic  sulphite  heated  to  about  60° 
(140**  F.),  with  considerable  development  of  heat,  and  on  cooling  the  liquid  solidi- 
fies to  a  mass  of  crystals  of  the  sulpho-salt  Cj^Hj,Oj(SO,K).  This  salt  yields 
thymoquinol  when  boiled  with  hydrochloric  aoid ;  but  if  the  solution  is  mixed 
with  an  alkali  and  exposed  to  the  air,  it  absorbs  oxygen  energetically,  and  acquires 
a  dark  purple-violet  colour:  on  adding  an  acid,  an  orange-coloured  precipi- 
tate of  oanfthymoquinone,  C^qH^,(OH)0^,  is  obtained ;  hence  it  is  probable  that 
the  salt  in  question  is  a  dioxifctfmeriestdphonate,  C,Hy*C^H(CH3)(OH),.S03K 
(Carstanjen).  The  homologues  of  thymoquinone  appear  to  behave  in  a  similar 
manner  with  sulphites.  Cymoqninone  dissolvee  in  concentrated  hydrochloric 
acid,  forming  monoohlorocymoquinol,  C,Hy*.C^EI(CHj)Cl(OH),.  On  treatment 
with  bromine,  it  yields  mono-  and  dibromocyrooquinone ;  the  former  crystallizing 
in  yellow  needles,  the  latter  in  glistening  pale-yellow  scales,  which  melt  1^ 
Tl^'S  (1^4°' 3  ^•) ;  dibromocymoquinone  does  not  appear  to  be  acted  on  by 
sulphurous  acid,  although  01  treatment  with  tin  and  hydrochloric  acid  it  is 
reduced  to  cymoquinol. 

(1696)  OxYCTMOQTTiNONBS.— Diamtdothymol  and  diamidocarvaorol  hydro- 
chlorides both  furnish  oxycymoquinone,  C^H^*  C,H(CH,)(OH)0,,  on  distillation 
with  a  solution  of  ferric  chloride  ;  when  purified  by  sublimation,  this  substance 
forms  brilliant  scarlet-coloured  crystals,  mixed,  however,  with  orange-coloured 
needles,  which  possess  the  same  composition  but  melt  at  a  lower  temperature 
(Carstanjen).  A(MM)rding'to  Ladenburg  and  Engelbrecht,  however,  the  lighter- 
coloured  crystals  are  probably  dioxycymoquinone,  monoxycymoquinone  melting 
constantly  at  169® — 172°  (336°'a— 34i°'6  F.).  Oxyoymoquinone  dissolves  in 
alkaline  solutions,  forming  a  deep  purple-red  coloured  liquid ;  on  boiling  it  with 
potassic  hydrate,  dioxycymoquinone,  C,Hy*.C,(CH,)(OH)  0^,  is  formed.  This 
crystallizes  in  pale-red  prisms,  melting  at  220°  (428°  F.)  (Carstanjen,  Joum. 
pr.  Ckem.  [2],  iii.  63  ;  xv.  398  ;  Liebermann,  Deut.  ehem.  Get,  JBer.,  ix.  1778; 
X.  77,  611 ;  Ladenburg  and  Engelbrecht,  fdu^.,  x.  49,  1218). 

(1697)  Nafhthaquinonb  :  Cj^HjO,. — Naphthalene  may  be  directly  con- 
verted into  this  quinone  by  oxidation  with  a  solution  of  chromic  anhydride  in 
glacial  acetic  acid  (Groves,  Journ.  Chem,  80c.,  xxvi.  209) ;  and  it  is  formed  in 
almost  theoretical  quantity  by  oxidation  of  the  diamidonaphthalene  prepared  by 
reducing  the  nitroamidonaphthalene,  which  melts  at  191''  (375°'8  F.)  (comp. 
p.  349).  It  closely  resembles  the  quinones  derived  from  the  hydrocarbons  of 
the  benzene  series,  being  a  bright  yellow  crystalline  substance,  possessing  a 
pungent  odour,  and  readily  volatile  with  vapour  of  water ;  it  melts  at  about 
125^  (257°  F.)  It  yields  naphthaquinol  on  reduction  (1522);  and  combines 
with  this  compound  forming  naphthaquinhydrone,  C^H^^O^,  which  is  a  dark 
purple  crystalline  substance. 

An  oxynaphthaquinone,  Cj,Hj(OH)Oj,  has  been  prepared  by  boiling  the 
so-called  diimidonaphthol  (p.  500)  with  hydrochloric  acid.  Dioxynaphtha" 
quinone  or  naphthazarvn,  C^H^(OH),Oj,  is  obtained  by  the  action  of  concen- 
trated sulphuric  acid  and  zinc  or  of  sulphuric  acid  alone  on  a-dinitronaphthalenaTp 
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(p.  353)  (Liebermann,  Deut,  chem,  Ges,  Ber.,  iiL  905  ;  De  Agaiar  and  Baejer, 
ibid,,  vr.  251,  438) ;  it  forms  red-brown  crystals,  having  a  bright  green  metaliic 
lustre,  and  yields  a  series  of  coloured  metallic  derivatives.  By  acting  on  dinitro- 
a-naphthol  with  potassic  chlorate  and  hydrochloric  acid,  dichloronaphthaquinone, 
Cj^H^CljO,,  is  produced,  which  Graebe  has  shown  {Ann,  Chem,  Pkarm.,  cxlix.  i) 
exhibits  the  closest  resemblance  to  tri-  and  tetrachloroquinone  in  its  reactions. 

(1698)  /3-Naphthaqttinonb  :  Cj^H^Oj. — By  oxidation  of  amido-3-naphtbol 
Stenhouse  and  Groves  have  obtained  a  substance  isomeric  with  naphthaqainone, 
crystallizing  in  slender  needles  of  a  bright  orange  colour,  melting  at  96^  (204^*8 
F.) ;  it  is  much  less  volatile  than  the  isomeride,  but  like  it  is  converted  into 
the  corresponding  quinol  on  hydrogenation,  and  yields  phthalic  acid  on  oxidation 
by  nitric  acid ;  when  it  is  mixed  with  a  solution  of  the  quinul,  dark-coloared 
crystals  are  deposited,  probably  consisting  of  the  quinhydrone  (Jour,  Chem,  Soe., 
1877.  ii.  52). 

(1699)  CoBBULiONONE  or  CEDRiBET :  Cj^Hj^O,. — ^In  order  to  purify  the 
crude  acetic  acid  obtained  by  distillation  of  wood  (beech  and  birch),  it  is  the 
practice  in  some  manufactories  to  add  a  small  quantity  of  potassic  dichromate 
to  the  acid  separated  from  the  crude  calcic  acetate  by  distillation  with  a  stronger 
acid,  and  to  allow  the  mixture  to  stand  for  some  time ;  the  surface  of  the  liquid 
then  becomes  covered  with  a  bluish  skin,  which  gradually  sinks,  forming  a  blue 
deposit  on  the  bottom  of  the  vessel  containing  the  liquid.  This  substance  is 
insoluble  in  all  ordinary  solvents,  but  may  be  purified  by  dissolving  it  in  phenol 
warmed  to  about  30^  (86°  F.)»  and  precipitating  with  alcohol  or  ether,  the 
precipitate  being  then  repeatedly  extracted  with  boiling  alcohol.  Coerulignone  is 
thus  obtained  crystallized  in  steel-blue  glistening  needles ;  it  dissolves  in  con- 
centrated sulphuric  acid,  forming  a  magnificent  corn-flower-blue  coloured 
solution,  the  coloration  being  so  intense  that  the  merest  trace  may  be  thus 
recognized.  By  the  action  of  reducing  agents  it  is  readily  converted  into 
hydrocoerulignone,  C^HjgO,,  which  is  reconverted  into  the  parent  compound  bj 
oxidizing  agents.  Hydrocoerulignone  forms  colourless  rhombic  crystals,  soluble 
in  alcohol  and  benzene,  melting  at  about  190°  (374°  F.) ;  it  yields  metallie 
derivatives,  such  as  C^H^Na^O^,  and  corresponding  acetyl  and  benzoyl 
derivatives.  When  heated  with  a  concentrated  solution  of  hydrochloric  acid 
to  180® — 200''  (356° — 392°  F.),  it  yields  methylic  chloride  and  hexoxy- 
diphenyl  (15  51).  Hydrocoeruli^one  therefore  probably  has  the  formuls 
C.H,(OH)(OCH,),.C,H,(OH)(OCH,),,  coerulignoue  being  the  corresponding 
quinone  (Liebermsnn,  Ann,  Chem,  Pharm,^  clxix.  221). 

The  parent  substance  from  which  coeruli$?none  is  derived  is  not  known  in 
the  pure  state,  but  according  to  Hofraann  {Deut,  chem,  Ges,  Ber.,  viii.  66)  it  is 
a  phenol-like  body  contained  in  the  portion  of  beech-tar  boiling  at  about  270® 
(518^  F.) ;  this  portion  of  beech-tar  also  contains  an  oily  body  of  the  compo- 
sition Cj^H^^O,,  which  may  be  isolated  in  a  pure  state  by  fractional  distillation 
and .  crystallization  of  its  sodium  derivative.  It  boils  at  285°  (545**  F.), 
and  on  oxidation  yields  a  quinone  of  the  composition  CgH^O^,  crystallizing  in 
long  yellow  needles,  which  is  converted  into  the  quinol  C^Hj^O^  by  reducing 
agents,  and  yields  a  dibromo-derivative  C^H^Br^O^,  which  forms  magnificent  rod 
crystals  melting  at  175°  (347^  F.)  on  treatment  with  bromine. 

(1700)  Tetboxydiphenoquinone  :  CjjHPj(OH)^,  is  formed  on  treatment 
of  hexoxydiphenyl  with  iodine;  it  crystallizes  in  microscopic  blue  needles 
resembling  coerulignoue,  soluble  in  alkalies  with  a  magnificent  blue  colour  (Lieber- 
mann,  t&u^.,  ix.  1887). 

(1701)  Ethenedicymoquinone  :  Cj^Hj^O,,  is  formed  on  oxidation  of  an 
alkaline  solution  of  ethenedioxycymyl,  CH  — C[C,H,(C,H,)(CH,)(OH)],,  by 
potassic  ferrocyanide ;  it  forms  dark  red  crystals,  and  is  reconverted  into  the 
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parent  oompouud  by  reduction  with  milphurouB  acid  (Jager,  Jour,  Ghem,  8oe,, 
1877,  i.  262). 

(1702)  Antheaquinone:  Cj^HgO,  =  C,H^  ^  ^q  fC.H^. — Anthracene  like 

naphthalene  is  converted  into  the  corresponding  qninone  on  oxidation,  which  is 
best  effected  on  the  small  scale  by  means  of  chromic  anhydride,  the  hydrocarbon 
being  dissolved  in  glacial  acetic  acid,  and  a  solution  of  the  anhydride  in  acetic 
acid  added  as  long  as  reduction  takes  place ;  the  product  is  then  precipitated  by 
water,  and  purified  by  distillation  or  sublimation.  Anthraquinone  is  produced 
in  small  quantity  together  with  diphenyl  ketone  by  distillation  of  calcic  benzoate 
(Kekul^  and  Franchimont,  Deut  ckem,  Oes.  Ber,,  v.  908),  and  is  also  formed 
by  heating  a  mixture  of  phthalic  chloride  and  benzene  with  zinc,  by  oxidation 
of  orthotolylphenyl  ketone  (p.  375),  and  by  heating  orthobenzoylbenzoic  acid, 
C,,H^.CO.C^H^.COOH,  with  phoaphoric  anhydride  or  sulphuric  acid  (Behr  and 
Dorp,  ibid.,  vii.  578, 805;.  Dibrom-  and  dichloranthracene  and  anthracenedihy- 
dride  also  furnish  anthraquinone  on  oxidation. 

Anthraquinone  may  be  crystallized  from  hot  benzene  or  nitric  acid ;  it  melts 
at  527®  (527°  F.),  and  sublimes  in  yellow  needles  of  prisms;  its  boiling  point 
is  above  that  of  mercury,  but  below  that  of  sulphur,  its  vapour  density  deter- 
mined by  Deville  and  Troost*s  method  in  sulphur  vapour  corresponding  to  the 
formula  Ci^H,0,  (Graebe).  It  is  an  extremely  stable  substance,  being  scarcely 
affected  by  oxidizing  agents ;  and  it  is  not  converted  into  the  corresponding 
quinol  on  treatment  with  sulphurous  acid  or  a  dilute  solntion  of  hydriodic  acid, 
although  this  compound  (1527)  may  be  obtained  on  digesting  it  with  a  dilute 
solution  of  sodic  hydrate  and  zinc  dut^t,  in  which  the  quinone  gradually  dissolves, 
forming  a  red-coloured  liquid.  Anthraquinone  is  readily  reduced,  however,  by 
boiling  with  a  concentrated  solution  of  hydriodic  acid  and  phosphorus,  and  is 
finally  converted  into  anthracenedihydride.  C^^H^, ;  the  formation  of  this  body  is 
preceded  by  that  of  anthranol,  Cj^Hj(OH),  isomeric  with  the  anthrols  or  an^hra- 
phenols  discovered  by  Linke  (1489).  Anthranol  crystallizes  from  alcohol  in 
yellow  needles,  melting  at  163° — 170°  (325**-4 — 338®  F.),  soluble  in  alkalies; 
it  is  reconverted  into  anthraquinone  by  oxidation  (Liebermann  and  Topf,  Deut, 
cAem.  Oes.  Ber.,ix.  1201).  When  fused  with  potnssic  hydrate,  anthraquinone 
yields  pota^sic  benzoate:  Ci^H30,+  2H0K=  2C,Hg.C00K;  and  when  distilled 
over  soda-lime  it  furnishes  benzene.  By  heating  with  phosphoric  pentachloride 
and  some  phosphoric  oxychloride  at  190*^ — 200 "^  (374^ — 39 2^  F.),  the  oxygen 
in  anthraquinone  is  displaced  by  two  atoms  of  chlorine,  but  the  dichloranthracene 
thus  produced  is  further  chlorinated  (Graebe  and  Liebermann,  Ann.  Chem. 
JP harm, f  Sup,,  vH.  284;  clx.  125).  It  yields  sulpho-aeids  when  heated  with 
sulphuric  acid  at  temperatures  above  200^  (39^**  F*)-  Anthraquiiionedisulphonio 
acid  is  also  formed  by  the  action  of  oxidizing  agents  on  dichlor-  and  dibrom- 
anthraceniedisulphonio  acids  (Perkin,  Joum,  Chem.  Soc.,  xxiv.  20). 

Haloid  and  NUro-derivatives  of  anthraquinone, — Mono-  and  dibrom- 
anthraquinone  are  obtained  by  oxidation  of  in-  and  tetrabromanthracene,  dicblor- 
anthraquinone  being  formed  in  a  similar  manner  from  tetrachloranthracene. 
Bromine  is  without  action  on  anthraquinone  at  ordinary  temperatures,  but  at 
100°  (212°  F.)  slowly  converts  it  into  dibromanthraquinone.  These  compounds, 
like  anthraquinone,  are  extremely  stable  bodies,  and  do  not  enter  into  reaction 
with  the  alkaline  sulphites,  <&c.,  in  the  manner  so  characteristic  of  the  haloid 
derivatives  of  benzoquinone  (Graebe  and  Liebermann,  loc,  cit.). 

Nitric  acid  alone  does  not  convert  anthraquinone  into  nitro-derivatives,  but 
on  heating  anthracene  with  dilute  nitric  acid  a  dinitrocmthraguinone, 
Cj^H^(NO,),0,,  is  obtained  together  with  anthraquinone.  According  to 
Fritzsche,   it  crystallines  in  microscopic  quadratic   plates,  and   possesses  the 
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property  of  combining  with  all  the  solid  hydrocarbons  in  coal-tar,  and  hence  it  is 
termed  Fritzsche*8  reagent ;  the  compound  wifh  anthracene,  Cj^Hj^.Cj^H^{NOj)jO,, 
forma  violet  coloured  lamin»  (Jahresb.,  1868,  395). 

Anthraquinone  readily  yields  a  dinitro-derivative,  however,  on  nitration  with 
a  mixture  of  concentrated  nitric  and  sulphuric  acidn,  but  the  product  is  apparently 
isomeric  with  the  before-mentioned  body,  as  it  does  not  yield  the  violet  eompoand 
with  anthracene.  It  is  said  to  yield  alizarin  on  fusion  with  potassic  hydrate ; 
coloured  substances  are  obtained  from  it  by  the  action  of  concentrated  Bulpharic 
acid,  and  by  the  action  of  nitrous  acid  on  the  corresponding  diamidoantiiTa- 
quinone  (Bottger  and  Petersen;  Liebermann,  Deut.  chem,  Qes.  Ber^^  !▼• 
226,  230,  301).* 

(1703)  MoNOXY-DEEiVATiVKs  OF  anthbaqutnokb. — Two  monoxyantlira- 
quinones  and  several  isomeric  di-  and  trioxyanthraquinones  have  been  prepared, 
one  of  the  dioxy-  and  one  of  the  trioxy-derivativea  being  identical  respectively  with 
alizarin  and  purpurin,  the  colouring  matters  derived  irom  madder  root  (Ituhia 
tinctorium), 

0-2 Mbnoxyanthraquifwne :  Cj^Hj(OH)Oj,  is  obtained  as  a  bye-prodact  of  the 
manufacture  of  alizarin  from  anthraquinone,  and  is  also  formed  on  redaction  of 
alizarin,  by  the  action  of  nitrous  acid  on  alizarinamid,  Cj^HjO,(NH,)(OH),  and 
by  heating  a  mixture  of  phthalic  anhydride  and  phenol  with  sulphuric  acid.  It 
crystallizes  from  alcohol  in  yellow  plates  or  needles,  which  do  not  melt  at  285^ 
(545^  F.)»  but  sublimes  at  a  higher  temperature  in  yellow  plates.  It  yields  a 
considerable  quantity  of  phthalic  acid  on  oxidation  with  nitric  acid.  It  decom- 
poses baric  and  calcic  carbonates,  and  yields  a  red  crystalline  barium  derivative 
very  soluble  in  water,  but  does  not  dye  mordanted  cotton ;  its  monacetyl  deriva- 
tive crystallizes  from  alcohol  in  small  yellowish  interlaced  needles  (oomp.  Lieber- 
mann, Anri,  Chem.  Pkarm,,  clxxxiii.  151). 

o-i  or  Erythroxyanthraquinone :  Cj^H,(OH)Oj. — This  isomeride  of  ozyan- 
thraquinone  is  formed  together  with  it  on  strongly  heating  a  mixture  of  phthalic 
anhydride  and  phenol  with  sulphuric  acid.  It  crystallizes  from  alcohol  in  orange- 
yellow  needles,  melting  at  173° — 180°  (343''  4 — 3 56°  R),  but  begins  to  sublime 
at  150°  (302°  F.)  in  long  red-yellow  needles.  With  baric  hydrate  it  forms  a  red 
precipitate,  almost  insoluble  in  water,  but  it  does  not  yield  a  coloured  lake  with 
alumina.  Its  solution  in  sulphuric  acid  is  reddish -yellow,  and  exhibits  a  dis- 
tinct narrow  absorption  band  in  the  green,  which  is  absent  from  the  spectnun  of 
the  solution  of  the  isomeride  (Baeyer  and  Caro,  DetU.  chem.  Ges.  Ber.^  vii.  968). 

(1704)  o-l  :  2D10XYANTHBAQUINONE  or  ALIZABIN:  Cj^H,(0H)^O^— 
According  to  Schunck's  researches,  this  substance  is  not  present  as  snch  in 
madder  roots,  but  as  an  amorphous  glucoside*  {ruhian) ;  the  roots,  however, 
contain  a  peculiar  ferment  (etythrozym)  capable  of  decomposing  this  gluooside 
with  formation  of  alizarin,  although  no  action  takes  place  as  long  as  the  plant  is 
living.     Acids  and  alkalies  also  separate  alizarin  from  rubian ;  but  in  aU 


*  A  crystalline  glucoside  termed  ruherythric  acid,  which  is  resolved  into 
alizarin  and  a  glucose  on  hydration  and  which  perhaps  is  the  form  in  which 
alizarin  is  present  in  madder  root,  was  first  isolated  by  Rochleder  in  185 1 
(Ann.  Chem.  Pharm.,  Ixxx.  321);  and  the  same  substance  apparently  was 
afterwards  described  under  the  name  of  ruhianic  acid  by  Schunck,  who,  how- 
ever, regarded  it  as  an  oxidation  product  of  rubian — a  conclusion  which  is  by  no 
means  established.  According  to  Rochleder's  latest  statement  (Deut,  chem. 
Ges.  Ber.,  iii.  295),  ruherythric  scid  has  the  formula  Cj^H^O^j,  its  decompo- 
sition into  alizarin  and  a  glucose  being  represented  by  the  equation :  C^^H  O  = 
Cj^HjO^  +  C^HjjO^  +  OH^  which,  however,  appears  somewhat  doubtful ;  Graebe 
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along  with  the  alizarin,  other  hodies  are  ohtained,  of  which  even  the  composition 
has  not  yet  heen  satisfactorily  at<oertained ;  this  indeed  is  true  of  many  of  the 
madder  educts.  Although  the  true  formula  of  alizarin  and  the  possibility  of  its 
being  an  anthracene  derivative  was  first  recognised  by  Strecker  {ZeiU,  Chem,  [2], 
iv.  263),  its  relation  to  this  hydrocarbon  was  first  established  by  Graebe  and 
Liebermann*B  researches  {Ann,  Chem,  JPharm,,  8up,,  vii.  291).  By  distilling  it 
with  zinc  dust  these  chemists  succeeded  in  obtaining  anthracene,  and  from  its 
resemblance  to  chloranilic  acid  they  were  then  led  to  regard  it  as  a  dihydroxyl 
derivative  of  anthraquinone — a  view  which  was  completely  confirmed  by  the 
success  of  their  attempt ,  to  prepare  it  by  heating  dibromanthraquinone  with 
potassic  hydrate.  This  process  was  soon  utilized  for  the  manufacture  of  alizarin 
on  the  large  scale,  but  not  long  afterwards  the  more  economical  and  manageable 
method  now  employed  was  introduced,  which  consists, in  fusing  with  an  alkali 
a  salt  of  the  sulphu-acid  produced  by  treatment  of  anthraquinone  with  Nord- 
hansen  sulphuric  acid.* 

According  to  Wartha,  a  small  quantity  of  alizarin  is  formed  on  carefully 
fusing  anthraquinone  with  potassic  hydrate ;  it  is  also  produced  on  heating 
a  mixture  of  catechol  (pyrocatechin)  and  phthalic  anhydride  with  concentrated 
sulphuric  acid,  and  from  both  the  isomeric  monoxyanthraquinones  by  fusion 
with  potassic  hydrate  (Baeyer  and  Caro,  Deut.  chem,  Oes.  JBer.,  vii.  968). 

Anthraquinone  yields  a  mixture  of  mono-  and  disulpho-acids  on  treatment 
with  sulphnric  acid,  at  least  two  modificaticns  of  the  latter  being  formed  (Caro, 
ibid.,  IX.  681);  hence  "crude  alizarin"  is  a  mixture  of  several  substances.  It 
was  at  first  supposed  that  alizarin  was  formed  from  a  corresponding  disulpho- 
acid,  but  it  is  now  known  that  it  is  derived  from  a  monosulpho-acid,  the  first 
product  of  the  action  of  potassic  hydrate  on  this  acid  being  mouoxyanthraquinone, 
which  is  subsequently  converted  into  alizarin,  merely  by  the  action  of  the 
potassic  hydrate  (comp.  Perkin,  Jour.  Chem.  Soc,  1876,  i.  851).  Each  of  the 
disulpho-acids  yields  in  a  similar  manner  a  corresponding  dioxy-derivative,  iso- 
meric with  alizarin,  each  of  which  may  in  turn  be  converted  into  a  trioxy- 
derivative  by  further  fusion  with  alkali  (Caro ;  Schunck  and  Roemer,  loc,  cit.). 

Alizarin  is  almost  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  ben- 
zene, carbonic  bisulphide,  concentrated  sulphuric  acid,  &.c ;  it  separates  from 
its  solution  in  more  or  less  deeply-coloured  3  ellow  flocculi,  but  sublimed  alizaidn 
forms  beautiful  orange-red  needles,  melting  at  about  275°  (527**  F.).  It  furnishes 
a  series  of  metallic  derivatives,  two  atoms  of  hydrogen  becoming  displaced  by  the 
equivalent  amount  of  metal ;  the  alkali-metal  derivatives  are  soluble,  but  those  of 
other  metals  insoluble  in  water.  Its  solution  in  alkalies  is  of  a  beautiful  violet 
colour ;  with  alumina  it  forms  a  red  pi-ecipitate  or  lake ;  with  iron  salts  a  purple 
precipitate.  On  reduction  with  potassic  hydrate  and  zinc,  it  yields  tetroxy- 
anthracene,  Cj^H^(OH)^,  which  is  very  readily  reconverted  into  alizarin  by  taere 
exposure  of  the  alkaline  solution,  to  the  air ;  when  oxidized  by  nitric  acid,  it 


and  Liebermann  have  suggested  that  it  has  the  formula  C^H^O,^,  and  that  its 
decomposition  by  hydration  is  represented  by  the  equation :  C^H^Oj^  +  20Hj,= 
C, JI,0^  +  2C^Hj,0, ;  but  this  formula  is  scarcely  reconcileable  with  the  acid 
characters  of  the  compound,  and  the  fact  that  it  yields  coloured  precipitates  with 
many  metallic  salts. 

*  The  history  of  the  discovery  of  the  constitution  of  alizarin,  and  of  its 
artificial  produittion,  has  been  well  described  by  Russell  (British  Association 
Heports,  1873).  An  interesting  account  of  the  mode  of  dyeing  madder  colours 
will  be  found  in  Calvert's  work  on  Dyeing  and  Calico  Printing,  edited  by  Steii- 
honse  and  Groves  (1876.    Manchestei:  Palmer  and  Howe). 
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j\Mm  a  oonsideimble  qoantitj  of  phthalic  acid.  Bj  tb€  action  of  aortic  anbjdride 
it  je  oonveried  into  diacetylalizann,  CjlI,(C,H,0,),Oy  whieh  forms  yellow  flat 
needles  or  plates,  melting  at  160^  (320  F.)  ;  on  nitration  this  sabstanoe  yields 
a  nitroalizarin,  C,^H^(NO,)(OH)^0^  dyeing  alnmina  mordants  a  bright  orange 
colour,  and  oooveited  by  rdiuction  into  amidoaiizarin,  which  crystallizea  in  small 
black  needles  dissolving  in  alcohol  to  form  a  beantifal  crimson  solution  (Perkin. 
Jaur,  Chem.  8oe.,  1876,  iL  578).  By  heating  it  with  bromine  at  180** — 190** 
(356''— 374**  F.),  alizarin  is  converted  into  hromaUzarm,  C„H[,Br(OH),0^ 
which  yields  phthalie  acid  on  oxidation  (Ferkin,  ibid.,  xxvii.  401). 

(1705)  IflOMEmiDBfl  OF  ALIZABIN.  o-\ '.  ^DioxyanthraqMimone  or 
quinizarin  :  C^JiJiiyE)Jd^ — ^This  isomeride  of  alizarin  is  formed  on  heating  a 
roiztore  of  phthalie  anhydride  and  qninol  (hydroquinone)  or  parachlorophenol 
with  snlphuric  acid  (Grimm,  Deut.  chem.  Gts,  Ber.,  tL  508;  Baeyer  and 
Caro,  ibid.,  riL  968;  viii.  152  ;  Liebermann  and  Giesel,  ibid.,  x.  606);  and 
by  the  action  of  heat  on  purpuin  (Schunck  and  Roemer,  Jour.  Chem.  Soc, 
1877,  ^*  ^74)-  I^  closely  resembles  alizarin,  crystallizing  in  bright  red 
needles  which  melt  at  about  194**  (38i^'2  F.),  and  yields  similar  ootoura  with 
mordants ;  hot  its  solution  in  ether  or  sulphuric  acid  exhibits  a  greenish-yellow 
flaorescenoe  and  a  well-defined  absorption  spectrum,  which  is  not  the  cane  with 
alizarin.  Both  alizarin  and  quinizarin  are  converted  into  porpurin  by  oxidation 
with  manganic  dioxide  and  sulphuric  acid  (De  Lalande ;  Baeyer  and  Caro).  Its 
diac^yl  derivative  melts  at  200®  (392^  F.). 

O-I  :  ^Dioxyanthraquirume  or  purpuraxanthin :  Cj^H,(0H[)jO^,  is  pre^ 
sent  in  small  quantity  in  madder,  and  may  be  obtained  by  heating  parpuro- 
xanthio  acid,  C^^HJOH),0,.COOH,  and  from  purpurin  (trioxyanthraquinone) 
by  boiling  it  with  an  alkaline  solution  of  stannous  hydrate,  or  by  converting  it 
into  amidodioxyanthraquinone  by  means  of  ammonia  and  displacing  the  KH, 
group  in  the  latter  compound  by  hydrogen  by  the  action  of  nitrous  acid  (oomp. 
Liebermann,  ^it».  Chem.  Tharm.,  clxxxiii.  211 ;  Schunck  and  Boemer,  l4)c. 
cit,).  It  sublimes  very  readily  in  yellowish-red  needles,  melting  at  263® 
(505°'4  F.),  easily  soluble  in  alcohol;  it  dissolves  in  baryta-water,  forming  a 
yellowinh-red  solution,  and  does  not  yield  colours  with  mordants,  ^y  boiling 
with  potassic  hydrate  solution,  it  is  reconverted  into  purpurin ;  on  oxidation  with 
nitric  acid  it  yields  a  considerable  quantity  of  phthalie  acid.  Its  diacetyl 
derivative  forms  pale  yellow  needles,  melting  at  about  184*^  (363^2  F.).  It 
yields  crystalline  dibromo-  and  dinitro-derivatives  (Plath,  Deut.  chem.  Gee.  Ber., 
ix.  1204). 

(P)  2'— 3  or  2'-2  Dioxyanihraquinone ;  Anihrqflavic  add:  Cj^,(OH),0,. 
—This  isomeride  of  alizarin  is  a  constituent  of  the  crude,  artificially  prepured 
alizarin  (Schunck;  Perkin,  «7(mr.  Chem,  S^oc,  xxiv.  1109;  xxvi.  19 ;  Schunck 
and  Roemer,  Deut.  chem.  Oes.  Ber.,  ix.  379,  678) ;  froji  which  it  may  be 
extracted  by  boiling  with  baryta-water,  being  the  product  of  the  action  of 
alkali  on  one  of  the  disnlpho-acids  formed  on  heating  anthraquinone  with 
Hulphuric  acid  (Caro) ;  it  is  also  the  chief  constituent  of  the  so-called  anthra- 
flavone  obtained  by  Barth  and  Senhofer  (Ann.  Chem.  Pharm.,  clxx.  100)  by 
heating  metaoxybenzoic  acid  with  somewhat  dilute  sulphuric  acid  at  180^ — 200^ 
(356°— 392"  F.)  (Schunck  and  Roemer,  ibid.,  x.  1225).  It  crystallizes  from 
alcohol  in  yellow  silky  needles,  almost  insoluble  in  benzene  and  cold  baryta-water, 
melting  above  330°  (626^  F.) ;  its  solution  in  alkalies  has  a  yellowish-red 
colour,  but  it  does  not  colour  mordants.  It  is  converted  into  flavopurpurin  by 
Ai8ion  with  potassic  hydrate.  Its  diacetyl  derivative  forms  in  pale  yellow 
cryHtols  melting  at  about  228**  (442'^'4  F.).  By  the  addition  of  an  excess  of 
bromine  to  its  alcoholic  solution,  anthraflavic  acid  is  converted  into  a  tetrabromo- 
derivative,  insoluble  in  all  the  ordinary  menstrua. 
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Isoanthraflamc  acid :  Cj^JpH)fi^<. — This  dioxyanthraquinone  also  accom- 
panies alizarin  and  anthraflavio  acid  in  crude  alizarin  (Schunck  and  Koemer, 
loc,  cit),  and  is  derived,  like  the  latter,  from  an  anthraquinonedisulphonio  acid 
(Oaro);  being  easily  soluble  in  cold  baryta-water,  it  is  without  difficulty 
separated  from  its  isomerides.  Isoanthraflavic  acid  crystallizes  from  aqueous 
alcohol  in  long  yellow  needles,  which  after  drying  over  sulpharic  acid  retain  a 
molecule  of  water ;  the  anhydrous  substance,  like  anthrailavic  acid,  does  not 
xaelt  at  330^  (626^  F.)  but  sublimes  at  a  higher  temperature.  Its  solutions  in 
alkalies  and  in  hot  sulphuric  acid  are  of  a  deep  red  colour,  whereas  the  latter 
forms  a  yellow  solution  with  anthrailavic  acid;  it  is  destitute  of  dyeing  properties. 
By  the  action  of  potassic  hydrate,  it  is  converted  into  anthrapurpurin ;  with 
bromine  it  yields  a  tetrabromo-derivative  moderately  soluble  in  acetic  acid ;  it 
does  not  furnish  phthalio  acid  on  oxidation  with  nitric  acdd.  Its  diacetyl^ 
derivative  forms  pale  yellow  indistinct  crystals  which  melt  at  about  195^ 
iS^S""  F.)  (comp.  Perkin,  Jbtw.  Chem.  Soc,  1876,  i.  851). 

Chrysazin :  Q^J3iJiOH)fi^. — To  prepare  this  isomeride  of  alizarin,  so-called 
ehrysammic  acid,  Cj^U2(N02)^(OH)202,  obtained  by  the  action  of  concentrated 
nitric  acid  on  Barbadoes  aloes,  is  converted  into  the  corresponding  amido-compound 
— ^the  hydrochrysammid  of  Schunck — by  reduction  with  a  solution  of  sodic 
thiohydrate,  and  the  diazo-compound  resulting  from  the  action  of  nitrous  acid 
on  the  product  decomposed  by  heating  with  alcohol.  It  crystallizes  from  acetic 
acid  in  red-brown  glistening  needles,  melting  at  191°  (375^*8  F.);  it  dissolves 
in  alkalies,  forming  a  yellowish-red  solution,  which  is  not  fluorescent,  and  which, 
on  the  addition  of  calcic  and  baric  salts,  yields  red  precipitates  of  the  calcic  and 
baric  derivatives  of  chrysazin.  It  is  destitute  of  dyeing  properties.  When 
distilled  over  zinc  dast  it  yields  anthracene.  It  is  not  converted  into  phthalic 
acid  by  oxidation  with  nitric  acid.  Diacetylchrysazin  forms  yellow  crystals  similar 
to  those  of  benzoic  acid,  melting  at  226® — 230**  (438°'8 — 446**  F.).  By 
heating  chrysazin  with  an  excess  of  fuming  nitric  aeid  in  the  water  bath,  it  is 
converted  into  a  tetranitrodioxyanthraquinone,  which  is  in  all  respects  identical 
with  ehrysammic  acid  from  aloes  (Liebermann,  loc.  cU.y  p.  174). 

Other  isomerides  of  alizarin, — ^According  to  Schunck  and  Koemer,  so-called 
anthraflavone  contains,  besides  anthraflavio  acid,  a  second  isomeride  of  alizarin, 
distinguished  by  its  solubility  in  benzene.  It  crystallizes  in  anhydrous  needles, 
melting  at  292^  (557°*^  ^Of  ^^  dissolves  in  alkalies  forming  a  pure  yellow^ 
coloured  solution. 

Frangulio  acid  from  frangulin  (p.  694),  according  to  Faust,  is  also  an 
isomeride  of  alizarin ;  but  it  has  been  very  insufficiently  examined,  and  it  is  not 
improbable  that  it  is  a  methylanthracene  derivative  (comp.  Liebermann  and  Wald* 
stein,  Deut.  ehem,  Oes,  Ber,,  ix.  1775). 

Lastly,  madder  is  said  to  contain  an  extremely  small  amount  of  an  isomeride 
of  alizarin,  distinguished  by  dissolving  in  a  solution  of  potassic  or  sodic  hydrate 
with  a  blood-red  colour,  and  by  not  yielding  odours  with  idumina  or  iron  mordants 
(Rochleder,  ibid.,  iii.  292). 

(1706)    TeIOXT-DBBIVATIVES     of     AKTHBAQTriNONB  ;     O- 1  :  2  :  ^Trioxy- 

aiUkraquinone  or  Furpurin :  Cj^H^(OH),Oj, — Purpurin  occurs  together  with 
alizarin  in  madder  extract,  being  present,  like  the  latter,  in  the  fresh  root  as  a 
glucoside ;  to  separate  it  approximately  from  alizarin  on  the  large  scale,  advan- 
tage is  taken  of  the  discovery  of  E.  Eopp  that  the  glucoside  of  purpurin  is 
decomposed  by  wanning  with  a  solution  of  sulphurous  acid  to  50^ — 60^  (122° 
— 140°  F.),  whereas  the  glucoside  of  alizarin  is  only  decomposed  on  heating  to 
about  lOO**  (212^  F.).  It  may  be  further  purified  by  dissolving  it  in  boiling 
alum  liquor,  in  which  it  is  far  more  soluble  than  alizarin,  adding  acid  to  the 
filtered  solution,  and  if  necessary  repeating  the  solution  in  alum  liquor,  &c,   jT^ 
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after  which  it  id  several  times  re-orystallized  from  aloohol ;  or  stiU  better  bj 
extracting  'manjeet/  the  root  of  Rubia  munjista,  with  a  boiling  solution  af  ala- 
minio  sulphate,  precipitating  with  hydrochloric  acid  and  crystallizing  tlie  product 
from  spirit.  As  munjeet  does  not  contaiA  alizarin,  the  purpurin  is  easily  obtained 
in  a  pure  state.  The  crude  purpurin  prepared  by  Kopp's  method  contains  a 
considerable  quantity  of  so-called  pseudopurpurin,  which  Rosenstiehl,  Plath  and 
Liebermann  (comp.  ibid.,  z.  1618)  have  shown  to  be  a  purpurincarbozylic  aeid, 
Cj^H^(OH),Oj.COOH.  This  substance  is  readily  decomposed  into  purpurin  and 
carbonic  anhydride  by  heat  or  by  boiling  with  potassic  hydrate  solution.  Pnrporin 
may  be  formed  artificially  from  both  alizarin  and  quinizarin  by  oxidation  with 
manganic  peroxide  and  sulphuric  acid  (De  Lalande ;  Baeyer  and  Caro). 

Purpurin  crystallizes  from  aqueous  aloohol  in  deep  orange-oolonred,  thin, 
flattened  prisms  of  the  composition  Cj^HgO^  +  OH, ;  from  strong  alcohol  it  ia 
deposited  in  dark-red  anhydrous  needles,  melting  at  253^  (487^*4  F.),  bat  it 
begins  to  sublime  at  150''  (302°  F.).  It  dissolves  in  alkalies,  produdng^  deep 
red-coloured  solutions;  and  on  treatment  with  boiling  baryta-water  forms  a 
parple  lake  quite  insoluble  in  water ;  it  dyes  a  red  free  from  all  blue  tint  with 
alumina  mordants,  and  purples  and  blacks  with  ferric  salts.  Purpurin  and 
alizarin  are  readily  distinguished  by  means  of  the  characteristio  absorption 
spectra  of  their  solutions  in  various  menstrua ;  purpurin  is  also  characterized  bj 
giving  a  pink  fluorescent  solution  when  dissolved  in  alum  liquor.  Its  deriva- 
tives are  obtained  with  less  facility  than  those  of  alizarin,  and  it  is  a  less  stable 
body  than  alizarin ;  thus  a  solution  of  purpurin  in  alkali  loses  its  colour  oa 
exposure  to  the  air,  becoming  pale  yellow  in  consequence  of  the  oxidation  of  the 
purpurin.  This  behaviour  renders  it  possible  to  detect  traces  of  alizarin  in 
presence  of  considerable  quantities  of  purpurin,  for  if  the  latter  be  destroyed  in 
this  manner,  the  alizarin  may  then  be  easily  recognized,  as  the  products  of 
oxidation  of  the  purpurin  do  not  aifect  its  absorption  spectrum.  Purpurin,  like 
alizarin,  yields  anthracence  when  distilled  over  heated  zinc  dust ;  when  dissolved 
in  alkali  and  heated  with  zinc,  it  is  converted  into  pentoxyanthracene;  and  on 
oxidation  with  nitric  acid,  it  yields  phthalic  acid.  When  heated  with  aoetie 
anhydride  at  180°  (356°  F.),  it  yields  triacetylpurpurin,  which  crystallizes  ia 
yellow  needles,  melting  at  about  199^  (390^*2  F.);  on  treatment  with  bromine 
it  yields  monobromopurpurin,  which  crystallizes  in  dark-red  lustrous  needles, 
melting  at  276**  (528°-8  F.)  (comp.  Schunck  and  Roemer,  Jour,  Chem,  Socr. 
1877,  i.  670). 

Isopurpurin:  Cj^Hj(OH),0,. — ^This  isomeride  of  purpurin  is  prodaoed 
in  almost  theoretical  quantity  on  carefully  heating  isoanthraflavic  acid  with 
potassic  hydrate.  It  crystallizes  from  acetic  acid  in  minute  orange-coloured 
anhydrous  needles,  melting  above  330°  (626''  F.) ;  its  triacetyl-derivative  crystal- 
lizes from  acetic  acid  in  pale  yellow  glistening  scales,  melting  at  about  221^ 
(429°'8  F.).  It  yields  a  dibromo-derivative  on  treatment  with  bromine.  Aothia- 
purpurin  has  about  the  same  affinity  for  mordants  as  alizarin,  and  it  yields 
analogous  colours,  but  purer  shades  3  the  bands  in  its  absorption  spectrum  are 
also  in  the  same  position  as  those  of  alizarin  (Perkin,  Jour,  Chem,  Soe.,  xxvi. 
425;  Schunck  and  Roemer,  DetU.  chem,  Oes,  Ber.,  ix.  678;  x.  1821).  Its 
dyeing  properties  are  similar  to  those  of  purpurin.  On  treatment  with  bromine 
it  yields  a  dibromo-derivative. 

Flavopurpurin :  Cj^H^(OH),0,,  isomeric  with  purpurin  and  iBopurpoiiny 
is  formed  by  heating  an tbraflavic  acid  under  pressure  with  a  concentrated  solution 
of  potassic  hydrate.  It  crystallines  from  aloohol  in  golden-yellow  anhydrous 
needles,  melting  above  330°  (626^),  but  sublimes  in  long  needles  Hke  alizarin. 
It  disRolves  in  a  solution  of  potassic  hydrate  forming  a  purple-coloured  liquid, 
less  red  than  that  of  purpurin  but  redder  than  that  of  isopurmrin,  ai^  which 
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exhibits  an  extremely  characteristic  absorption  spectrum.  It  forms  a  diacetjl- 
dertvative,  which  crystallizes  in  golden-yellow  plates,  melting  at  238''  (460^-4  F.) ; 
or  a  triacetyl-derivative  much  more  soiuble  in  acetic  acid,  which  crystallizes  in 
Bulphor-yellow  needles,  melting  at  196°  (384^-8  F.).  Bromine  converts  it  into 
a  tribromo-derivatiye  (Schunck  and  Roemer,  loc,  cit;  ibid.,  x.  1821). 

Oxychrysazin :  Cj^H^(OH),0,,  is  formed  on  fusion  of  obrysaziu  with  potassic 
hydrate.  It  is  somewhat  difficultly  soluble  in  alcohol ;  it  dissolves  in  alkaline 
solutions  with  a  violet  colour,  and  yields  colours  with  mordants  intermediate  in 
tint  between  those  furnished  by  dizarin  and  purpurin.  Its  solution  in  alum 
liquor  is  not  fluorescent  like  that  of  purpurin.  Its  triacetyl-derivative  melts  at 
about  193''  (379°'4  F.)  (Liebermann,  Ann,  Chem.  Fharm,,  clxxxiiL  191). 

(?)  o-i :  2:3  TrioayarUhraquinone  or  anthragalM :  Cj^Hj(OH),0,.  formed 
by  heating  a  mixture  of  benzoic  and  gallic  a^ids,  or  of  pyrogallol  and  phthalic 
anhydride,  with  sulphuric  acid,  sublimes  in  oran^  needles ;  it  yields  phthalic 
acid  on  oxidation.  Its  triaccLyl-derivative  forms  pale  yellow  needles,  melting  at 
171^—175°  (339°-8-347°  F.)  (Seuberlach,  tWrf.,  ix.  38). 

(1707)  TeTHOXY- AND    HEZOXT-DEBIYATIVES    OP    ANTHBAQUINONB ;    Te- 

troxyanthraquinone  ;  anthrachrysone :  Cj^H^(OH)^0,. — This  compound  is  formed 
on  heating  dioxybenzoic  acid  from  disulphobenzoic  acid  with  concentrated  sulphuric 
acid  at  120® — 140®  (248** — 284**  ¥X  It  forms  yellow  microscopic  prisms, 
which  do  not  melt  even  at  320°  (608°  F.)  ;  it  dissolves  in  alkaline  solutions  and 
in  sulphuric  acid,  forming  red-coloured  liquids,  and  it  also  dyes  alun)ina  mordants 
red.  When  passed  over  heated  zinc  dust  it  yields  anthracene  (Barth  and  Senhofer, 
ibid.,  clxiv.  109). 

By  heating  opianic  acid,  C,H3(0CH,),(C0H).C00H,  with  sulphuric  acid, 
Liebermann  and  Chojnacki  have  obtained  a  red  colouring  mBiteT,ruJiopin,  C^Jlfi^, 
which  apparently  is  also  a  tetroxyanthraquinone  as  it  yields  anthracene  when 
passed  over  heated  zinc  dust.  It  crystallizes  from  alcohol  in  indistinct  yellowish- 
red  needles,  and  dissolves  in  alkaline  solutions  with  a  violet  colour  {ibid,  clxii.  321). 

Hexoxyanthraquinone ;  rufigallic  acid  :  C^fiJ^OK\0^. — This  compound 
is  formed  on  heating  gallic  acid  with  concentrated  sulphuric  acid,  the  conversion 
being  complete  at  the  temperature  of  the  water  bath ;  its  formation  in  this 
manner  is  precisely  analogous  to  that  of  anthrachrysone  and  anthraflavone  from  di- 
and  monoxybenzoic  acid  respectively'.  It  sublimes  in  yellowish-red  transparent 
needles  ;  it  dissolves  in  sulphuric  acid,  forming  a  red  solution  ;  when  moistened 
with  a  concentrated  solution  of  potassic  hydrate,  it  is  coloured  a  magnificent 
indigo-blue,  but  with  a  more  dilute  solution  it  forms  a  violet-coloured  liquid,  from 
which,  however,  it  is  gradu^ly  deposited  on  standing.  With  alumina  and  iron 
mordants  it  yields  colours  similar  to  those  of  alizarin,  but  dull  When  reduced 
by  sodium  amalgam,  it  yields  a  small  quantity  of  alizarin ;  and  by  distillation 
over  heated  zinc  dust  it  is  converted  into  anthracene  (comp.  JaffiS,  Deut.  chem. 
Ges.  Ber.,  iii.  694;  Klobukowski,  %bid,,\x.  1056). 

(1708)  Mbthylanthbaquinone  :  C„Hj^O,  =  CH,.Cj^HyO,.— This  homo- 
logue  of  anthraquinone  is  obtained  by  oxidation  of  methylanthracene  (i394)» 
and  on  further  oxidation  becomes  converted  into  anthraqninonecarboxylic  acid, 
Cj^HjOj.COOH.  It  sublimes  very  readily  in  yellow  needles,  melting  at  163* 
(325  '4  F.),  easily  soluble  in  boiling  alcohol  (Fischer,  ibid,,  viiL  675). 

On  converting  methylanthraquinone  into  sulpho-aoid,  and  fusing  the  potassic 
salt  pf  the  latter  with  potassic  hydrate,  it  appears  to  yield  methylalizarin ;  this 
substance  forms  red  crystals  melting  at  about  251°  (483'**8  F.),  and  very  closely 
resembles  alizarin  (Fischer). 

Chrysophanic  acid  and  emodin,  two  substances  extracted  from  rhubarb,  have 
eoently  been  shown  by  Liebermann  and  Fischer  to  be  respectively  the  di-  and 
rioxy-derivatives  of  methylanthraquinone  {.inn.  Cliem.  -PA«'*'»'>t^%^ii£Q8§[c 
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chrysophanic  acid  baa  also  been  detected  in  the  roots  of  several  other  species  of 
Rheum,  in  several  species  of  Bumex,  and  in  yellow  wall  lichen  (Parmelia  parie- 
tina)f  and  emodin  in  the  bark  of  Bkamnus  frangula  (Liebermann  and  Waldstein, 
Deut.  chem,  Ghs.  Ber.,  ix.  1775).  Emodin  and  chrysophanic  acid  are  dis- 
tinguinhed  by  their  behaviour  with  a  solution  of  sodic  carbonate,  the  former 
diivolving  with  a  blood-red  colour,  the  latter  being  insoluble.  Chrysophanic 
acid,  CH,.Cj^Hj(OH),Oj,  crystallizes  in  golden -yellow  needles,  melting  at 
162°  (323°'6  F.) ;  it  dissolves  in  solutions  of  alkalies  with  a  cherry-red  colour, 
and  it  yields  red  precipitates  with  lime  and  baryta-water,  which,  however,  are 
decomposed  by  mere  exposure  to  the  air.  Its  diacetyl-derivative  forms  narrow 
glistening,  pale  yellow  plates  melting  at  about  203°  (397^-4  F.).  By  dissolving 
it  in  fuming  nitric  acid  it  is  converted  into  a  tetranitro-derivative  resembling 
that  obtained  from  chrysazin.  Emodin,  CH,.Ci^H^(OH)jO,,  crystallizes  from 
acetic  acid  in  silky  orange-red  needles,  melting  at  245*^ — 250°  (473°— 482**  F.)  ; 
its  triacetyl-dei-ivative,  prepared  by  heating  it  with  acetic  anhydride  at  iSo** 
(356°  F.),  melts  at  190°  (374^  F.). 

fiy  oxidizing  barbaloin  and  socalo'in*  with  chromic  acid  mixture,  Tilden  has 
obtained  a  teti'oxymethylanthrrquinone,  CHj.Cj^Hg(OH)^0,,  which  he  terms 
aloxanthin,  as  an  orange  granular  powder ;  it  dissolves  in  sodic  hydrate  solution, 
forming  a  cherry-red  coloured  liquid,  but  has  no  affinity  for  mordants  {Jour, 
Chem.  Soc,  1877,  ii.  264). 

(1709)  DiMBTHYLANTHBAQUiNONE :  (CHj^C^H^Oj,  formed  by  oxidation 
of  dimethylanthracene,  crystallizes   in    pale  yellow  needles,  melting   at    155° 

*  The  crystalline  substances  extracted  from  the  various  sorts  of  aloes  differ 
somewhat  in  properties,  but  Tilden  is  inclined  to  regard  them  all  as  compounds 
of  the  formula  C^^li^  fi^.  Three  varieties  are  usually  distinguished :  Barbal<nn, 
from  Barbadoes  aloes ;  Zanaloin,  from  Zanzibar  aloes,  which  is  probably  identical 
with  Socaloin,  from  Socatrine  aloes,  as  so-called  Zanzibar  aloes  is  merely  a  highly 
crystalline  variety  of  the  drug  imported  from  Socotra  by  way  of  Zanzibar ;  and 
Nataloin  from  Natal  aloes.  Their  principal  characters  are  summarized  in  the 
following  table  (Tilden,  Trans.  B,  Fharm.  Conf.,  1875,  540 ;  and  private 
communication). 


Composition. 
CwHigOy  requires 
C.  59'6a  per  cent. 
H.  iS9 


Melting  point  of 

anhydrous  sabstanoe 

Crystalline  form 

When  moistened 

with  a  drop  of  cold 

HN0»(8.&.  i-4a) 

When  boiled  with 
nitric  add 

Bichromate  solution 
and  sulphuric  acid 


On  fusion  with  KOH 


BABBALOIN. 

Anhydrous  after  drying  in 

vacuo. 

C.  59-31  H.  5*88  (Stenhonse 

averafpe) 
C.  59-33  H.  5-61  (Schmidt 

average) 
Air  dried  crystals  contain 
H,0  or  3Hg().    (Assum- 
ing formula  CieHigO?) 
About  150°  (Stentiuuse) 
146°-I48^  (Schmidt)  . 
Minute  orange-yeilow 
prisms 
Intense  crimson  ooloura* 
tiou,  fiuiing  quickly 


Tields  CO.,  trinitrophenol, 

oxalic,  aloetic,  and  finally 

ehrjfaammie  acid 

Alozanthin,  besides  COg 

and  a  little  acetic  add 


SOCALOlNor  ZANALOIN 

Anhydrous  after  drying  in 

vacuo. 

C.  59-49  H.  580  (Tilden 

average) 
C.  59a  H.  5-9  (Hackiger) 

Air  dried  crystals  contain 


1  crystau 

su«o 


ix8**-iao°(VonSom- 

manxga) 
Minute  orange-yellow 

prisms 

Very  slight  change  of 

colour 


COs  &C.,  same  as  barbalom 
Same  as  barbaloin 


Acetic  add,  paraozybenzoio 
acid,a-orcin  (Etochleder). 
Intermediate  production 
of  alordnio  add, 
C«H,(CH4)j.(0tf).COOH 
(W'eselsky)  ?  from  Soco- 


trine  aloes 


NATALOIN. 

Dried  at  1 30°  C— 130*. 

C.  5956  H.  596  (TOdcn 

average) 

C.  59-36  H.  6- 10  (Plockigtfr 

average) 

Crystals  aahydrons 


i8o'*-x9o°,  Fiackiger 

(}reenish*yellow  reefed 
angular  scales 

Blood-red  cdour,  whieh 
does  not  fiide;  liquid 
dries  up  in  the  air  to  a 
red  varnish 

00s,  much  oxalic  add,  and 
a  very  little  trinitropiie- 
nol.  Nochrysammkadd 

COj  and  much  acetic  add, 
with  traces  of  an  odoor- 
ous  bo4y  not  identified 
(qy.  qninone) 

Acetic  add,paraoxybenuio 
acid,  and  a  bodr  whidi 
gave  the  qualitative  reac- 
tions of  0-ordn.  It  may, 
however,  have  been  We' 
sdsky's  acid. 
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(311^  F.);  on  oxidation  it  yields  methylanthraqainonecarboxylic  acid, 
CH,.Cj,H^O,COOH,  and  anthraquinonedicarboxylio  acid,  C,,H.O,(COOH), 
(  Wachendorff  and  Zincke,  ibid.,  x.  1481). 

By  heating  carmine  red  from  cochineal  with  sulphuric  acid,  Liebermann  and 
Dorp  (Ann.  Chem,  Pharm,,  clxiii.  105)  have  obtained  a  red  colonring  matter, 
ruficocein,  C^^H^ fi^,  which  apparently  is  an  oxyqainone-derivative  related  to 
dimethylanthracene. 

(17 10)  Constitution  of  Anthbaqtjinone  asd  itb  Oxt-deeivatives. 
— The  formation  of  anthraquinone  from  phthalic  chloride  and  benzene, 
and   of  oxyanthraquinones   from    phthalio   anhydride   and   oxy-derivatives   of 

benzene,  leaves  no  doubt  as  to  the  correctness  of  the  formula  C^H^  )  pq  I  ^*^* 

for  anthraquinone  (comp,  1389).  The  production  of  alizarin  and  quinizarin 
from  catechol  and  quinol  respectively  suffices  not  only  to  indicate  that  the  OH 
groups  in  these  compounds  are  both  present  in  the  same  C^  group — which  is 
confirmed  by  their  yielding  phthalic  acid  on  oxidation — but  also  affords  evidence 
of  the  relative  positions  of  these  groups  {vid,  p.  376) ;  and  since  purpurin  is 
formed  on  oxidation  of  both  alizarin  and  quinizarin,  it  must  also  be  supposed 
that  the  OH  groups  in  this  modification  of  trioxyanthraquinone  are  all  in  the 
same  C,  group,  a  conclusion  which  necessarily  extends  to  purpuroxanthin,  the 
dioxyanthraquinone  formed  by  reduction  of  purpurin,  and  which  is  in  harmony 
with  the  observation  that  purpurin  and  purpuroxanthin  both  fiimish  phthalic 
acid  on  oxidation.  Inasmuch,  however,  as  only  three  dioxyanthraquinones  are 
possible  in  which  the  OH  groups  are  in  the  same  jC^  group,  and  the  constitution 
of  two  of  these  is  known,  that  of  the  third  is  at  once  determined ;  so  that 
alizarin,  purpuroxanthin,  and  quinizarin  may  be  represented  by  the  following 
symbols : 

OH  OH  OH 

soH       r     1— c— r  ^  r    >— c- 


■  Alizarin.  ParpnroxanthiB. 

The  formula  assigned  to  anthraquinone  admits  of  the  existence  of  only  two 
monoxyanthraquinones,  one  having  the  OH  group  in  the  position  i,*  the  other 
the  OH  group  in  the  position   2.     Inasmuch  as  oxyanthraquinone  may  be 


*  K  it  be  agreed  to  represent  anthraquinone  by  the  symbol 


4'  4 

and  to  number  the  "  positions"  in  the  manner  shown,  the  constitution  of  anthra- 
quinone-derivatives  may  be  very  simply  indicated  by  figures  ais  in  the  case  of 
benzene-derivatives  ;  if  the  displacing  iHidides  are  supposed  to  be  contained  only 
in  the  one  0^  group,  this  may  be  shown  as  in  the  case  of  alizarin,  for  example, 
by  the  symbol  o— i  r2,  whereas  the  isomeride  containing  an  OH  group  in  the 
position  I  in  the  one  0^  group  and  in  the  position  2  in  the  other  would  be 
represented  by  the  symbol  1-2'  or,  which  is  the  same  thing,  1-2.      ^  j 
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obtained  from  anthraqainoDesnlphonio  acid,  and  it  is  the  tendency  of  sulpbnrio 
acid  chieflj  to  form  meta-derivatives,  it  appears  probable  that  this  compound  is 
a  meta-derivative,  and  therefore  that  the  OH  group  in  erythoxyanthraquinone 
is  in  the  position  i  ;  the  fact  that  erythoxyanthraquinone  is  more  highly  ooloored 
lends  some  support  to  this  conclusion,  for  meta-derivatives,  as  a  rule,  do  not 
appear  to  furnish  colouring  matters. 

Few  data  exist  from  which  the  constitution  of  the  remaining  dioxy-derivativet 
of  anthraquinone  may  be  deduced.  The  formation  of  anthraflavic  acid  from 
metaoxybenzoic  acid  necessitates  the  assumption  that  the  OH  groups  are  in 
different  C^  groups,  in  which  each  niiist  occupy,  the  meta-poeition,  an4  two 
formulsB  are  therefore  possible — viz  ,  2' — 2  and  3' — 2  j  thus : 


OH 


0       N^  ^^       0 

The  isomeride  which,  according  to  Sohunck  and  Boemer,  is  formed  together 
with  anthraflavic  acid,  would  be  represented  by  whichever  of  these  formulse  does 
not  belong  to  the  latter.  The  fact  that  no  phthalic  acid  is  formed  on  oxidation 
of  isoanthraflavic  acid  indicates  that  the  OH  groups  in  it  are  in  different  0,  groups, 
but  there  is  no  further  evidence  extant  which  would  serve  to  throw  light  on  its 
constitution.  Chrysazin  also  does  not  furnish  phthalic  acid,  and  from  the  grest 
readiness  with  which  this  body  .yields  a  tetranitxo-derivative,  it  appears  probable 
that  both  OH  groups  occupy  ortho-positions,  and  thffrefore  that  it  may  be 
represented  by  one  of  the  two  formulae : 

OH  OH  OH 


OH 

It  is  a  remarkable  fact  that  none  of  the  dioxyanthraquiuonee  in  which  the 
OH  groups  are  in  different  0^  groups  exhibit  any  affinity  for  mordants,  and  this 
apparently  is  also  the  case  with  the  monoxyanthraquinones  and  with  purpuro- 
xanthin,  in  which  the  OH  groups  are  relatively  in  the  meta-position ;  only 
alizarin  and  quinizarin,  in  which  respectively  the  OH  groups  are  relatively  in  tbe 
positions  i  :  2  and  i  :  4  act  as  dyes. 

Purpurin  is  shown  by  its  formation  from  alizarin  and  quinizarin  to  have  the 
three  OH  groups  in  the  one  C,  group  and  in  the  relative  positions  1:2:4.  An- 
thragallol  from  the  manner  in  which  it  is  formed  also  contains  the  three  OH 
groups  in  the  one  C^  group,  and  these  must  be  supposed  to  occupy  relatively  the 
positions  i  :  2  :  3.  Positive  data,  which  would  enable  us  to  infer  the  constitu- 
tion of  the  remaining  trioxanthraquinones,  are  wanting ;  but  as  they  are  all 
colouring  matters,  and  closely  resemble  alizarin,  it  appears  probable  that  they 
are  related  to  the  latter  somewhat  in  the  manner  represented  by  the  following 
symbols : 

OH  OH  OH  OH 

o    /\  j/\    0     y\  /\    o 

oaf     ^ — c — f     ^oH        f     ^ — c — f     \oH       r      > — 0 — f     ^oh 
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From  the  manner  in  which  they  are  formed,  anthrachrysone  and  rufigallic 
acid  doahtless  contain  respectively  two  and  three  OH  groups  in  each  C,  group,  hut 
their  relative  positions  are  doahtful,  as  the  constitution  of  the  acids  from  which 
they  are  derived  is  not  yet  satisfactorily  ascertained ;  prohahly,  however,  the  OH 
groups  in  the  latter  are  contiguous  as  in  anthragalloL 

Methylanthraquinone  probably  has  the  CH,  group  in  the  position  3  as  the 
ditolylmethane  from  which  methylanthracene  is  obtained  is  doubtless  a  para- 
derivative  of  benzene ;  moreover,  the  anthraquinonecarboxylic  acid  formed  by  its 
oxidation  appears  to  be  identical  with  that  prepared  irom  anthraquinoue- 
sulphonic  acid,  which  in  all  probability  is  a  meta-derivative  of  anthraqninone. 

C,H,.CO        ^ 

(171 1)  PHBKANTHEAQiriNONB :     C,.H.O,.  =  |         |    .       This     quinone, 

"  •  *  C,H,.CO 
isomeric  with  anthraqninone,  is  formed  by  oxidation  of  phenanthrene  (comp. 
p.  378).  It  is  sparingly  soluble  in  hot  water,  but  freely  dissolves  in  benzene  and 
acetic  acid,  and  crystallizes  in  dark,  reddifth-yellow  or  orange-yellow  prisms ;  it 
melts  at  198°  (388'^'4  F.),and  sublimes  ata  higher  temperature  in  orange-red  plates. 
Phenanthraquinone  is  distinguished  from  anthraqninone  by  a  variety  of 
reactions.  Thus  it  combines  with  acid  sulphites,  forming  crystalline  compounds 
such  as  that  with  sodic  hydrio  sulphite,  Cj^HjO^.NaHSO,  +  20Hj.  It  is  con- 
verted into  the  corresponding  quinol  (p.  537)  by  the  action  of  an  aqueous 
solution  of  sulphurous  acid  at  100^  (212°  F.)  ;  and  phenanthraquinol  yields  the 
corresponding  quinhydrone  on  careful  oxidation.  It  is  not  converted  into  a 
snlpho-acid  by  the  action  of  sulphuric  acid  at  100^  (212^  F.),  and  on  heating 
more  strongly  is  decomposed ;  it  may,  however,  be  converted  into  sulpho-acids 
by  means  of  sulphuric  anhydride.  No  colouring  matters  derived  from  it  are 
known.  By  oxidation  with  chromic  acid,  it  is  readily  converted  into  diphenio 
acid,  C,H^(COOH).C,H^(COOH).  When  heated  with  soda-lime,  it  yields 
diphenyl,  C^H^.C^H^,  but  if  heated  with  burnt  lime,  it  is  converted  into  dipheny- 
lene  ketone  (p.  1686).  By  prolonged  boiling  with  a  concentrated  alcoholic 
solution  of  potassic  hydrate,  it  is  converted  into  diphenic  acid ;  if,  however,  an 
aqueous    solution    of    sodic   hydrate    is    employed,  diphenylenegli/colic  acid 

I        >  C(OH).COOH  is  produced,  an  isomeric  change  taking  place  similar  to 

^•^*    .  .  .0 

that  which  occurs  in  the  formation  of  diphenylglycolic  acid  from  benzil  (p.  787)* 

On  heating  phenanthraquinone  with  an  alcoholic  solution  of  ammonia,  pkenan- 

tkrimidoquinone,  C^ H^.C.NH,  is  obtained ;  it  forms  long  yellow  needles,  melting 

C.H^.CO 
at  147"  (296^*6  F.);  hydrochloric  acid  reconverts  this  componnd  into  the  quinone. 
On  treatment  with  bromine,  and  on  nitration,  phenanthraquinone  yields  bromo- 
and  nitro-derivatives,  although  by  no  means  readily  (Fittig  and  Ostermayer, 
Ann.  Chem.  PAarm.,  clxvi.  365  ;  Graebe,  ihid,,  clxvii.  139  ;  Hayduck,  clxvii. 
184;  Ostermayer,  2>etf^.  chem,  Oes,  Ber.,  vii.  1089;  Anschiitz  and  Schulz, 
ibid.,  ix.  1400 ;  x.  21,323;  Friedlaender,  ibid.,  x.  534). 

(17 1 2)  Pybbmequinonb  :  C„HjjO^  obtained  by  oxidation  of  pyrene  (1399)1 
resembles  anthraqninone  in  its  properties ;  it  crystallizes  from  acetic  acid  in  red 
needles  or  prisms.  When  boiled  with  a  solution  of  potassic  hydrate  and  zinc 
dust,  it  dissolves,  forming  a  red  liquid  from  which  it  is  again  deposited  on 
exposure  to  the  air ;  cold  sulphuric  acid  dissolves  it,  forming  a  brown-colom*ed 
liquid  (Graebe). 

(1713)  D101YBBTI8TBNB  :  Cj^Hj^O,. — This  compound,  formed  by  oxidation 
of  the  hydrocarbon  retene  (1396),  is  apparently  a  quinone,  as  it  dissolves, 
although  with  difficulty,  in  a  solution  of  hydric  sodic  sulph jte^  gn^aLio  whea 
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heated  with  potaiutic  hydrate  solution  and  zino  dust.  It  crystallizes  from 
alcohol  in  dark  orange-coloured  flat  prisma,  melting  at  about  iQc""  (374^  F.); 
according  to  Ek^trand,  it  does  not  yield  the  hydrocarbon  C^^H^^  when  distilled 
with  zino  dust  (Ann,  Chem.  Phann.,  cLlxxt.  98). 

(17 14)  Chbtsoquinone  :  CjjHj^Og,  obtained  in  a  similar  manner  from 
chrysene  (1405),  crystallizes  from  benzene  in  reddbh-yellow  needles,  melting  at 
about  220^  (42 8*^  F.);  it  dissolves  in  concentrated  sulphuric  acid,  forming  & 
beautiful  blue-coloured  solution,  from  which  water  precipitates  the  unaltered 
substance  (Liebermann).  Like  phenanthraquinone,  it  is  converted  into  the  cor- 
responding quinol  by  digestion  with  a  solution  of  sulphurous  acid  at  100^ 
(213°  F.) ;  it  forms  crystalline  compounds  with  the  acid  sulphites,  and  enters 
into  reaction  with  ammonia ;  when  distilled  with  soda-lime  it  yields  the  hydro- 
carbon Cj^Hjj  (Graebe,  DeuC.  chem,  Ges,  JBer,,  vii.  782). 

(17 15)  Constitution  of  the  Quinones. — The  constitution  of  benio- 
quinone  and  of  the  quinones  having  similar  properties  is  still  open  to  discoMion, 
that  of  anthraquinone  and  phenanthraquinone  and  the  allied  quinones  having 
alone  been  satisfactorily  established.  According  to  the  hypothesis  advanced  by 
Graebe,  and  which  is  that  which  has  obtained  most  genersd  credence,  the  quinones 
are  formed  by  the  displacement  of  2  atoms  of  hydrogen  by  2  atoms  of  oxygen, 
which  together  act  as  a  dyad  radicle  in  consequence  of  their  being  united  by  an 
affinity  of  each.  Graebe  made  the  somewhat  arbitrary  assumption  that  the 
oxygen  atoms  became  attached  to  contiguous  carbon  atoms,  as  only  one  of  the 
dihydroxy-derivatives  of  benzene  was  convertible  into  quinone ;  but  it  is  now 
placed  beyond  doubt,  however,  that  quinol  and  all  the  di-derivatives  of  benzene 
which  furnish  quinone*  are  not  ortho-  or  i  :  2  derivatives  but  para-  or  i  :  4  deri- 
vatives, and  therefore  quinone  is  represented  by  the  second  of  the  following 
symbob,  the  first  being  that  originally  proposed  l)y  Graebe : 

H  C 

/^\  /IS 

HC         C-O  HC  O   CH 

I    U  JUh. 

The  alternative  hypothesis  which  has  been  entertained  of  late  is  that  the 
quinones  are  all  di-ketones ;  that  is  to  say,  that  they  contain  the  group  CO  twice. 
The  formation  of  a  di-ketone  of  the  composition  of  quinone  from  benzene,  how- 
ever, cannot  be  expressed  with  the  aid  of  Kekul^'s  benzene  symbol,  aM  it 
necessitates  the  partial  disunion  of  two  of  the  carbon  atoms  which  are  united  by 
two  affinities  of  each,  and  this  could  only  take  place  if  quinone  were  an  ortho- 
compound  (fig.  I.) ;  but  it  may  be  represented  by  means  of  the  so-called  prism 
symbol— thus : 

H  H  O 

C  c  c 


Hi        L 

s/ 

c 

H 

L 

1 

1 

HC  —  CH 

1         1 

I 

Bens 

Jh 
/ . 

[ 

BeM.t 

HO— CH 

V 

0 

Quinone. 

*  The  3-naphthaquinone  of  Stenhouse  and  Groves  must  be  either  an  ortho-  or 
meta-derivative,  however. 

t  Benzene  may  be  represented  simply  by  a  prism  instead  of  by  this  compli- 
cated symbol,  thus  »  or  thus  '  .  This  symbol  is  the  only  one  besides 
Kekul^'s  by  which  '|^*  II     *^®  "constitution*'  of  the  various  de- 

rivatives  of   ben-  9 1-^^  *'s;  ys  zene  can  be  satisfactorily  represented, 

and  in  some  respects  ^       it  has  an  advantage  over  it.     Thus 
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There  \8  only  one  instance  in  which  this  hypotheaia  appears  to  be  inad- 
missible—viz., in  explanation  of  the  production  of  a  quinone  of  the  formula 
^si^M^a  ^^^^  ^^^  compound  CH^C(C„H„.OH),  obteined  by  reduction  of  the 
product  of  the  reaction  of  chloral  hydrate  on  thymol  (i  701).  As  this  compound 
id  a  para-derivative — the  parent  compound  yields  cymoqutnone  on  oxidation— it 
is  impossible  to  account  for  its  conversion  into  a  ketone  in  a  satisfactory 
manner  by  means  of  the  prism  symbol,  as  may  be  seen  by  reference  to  the 
following  figure : 

H     H  CH.         H     H 

c — c         I  I  c — c 

CH,C,H7  C1H7CH, 

but  the  formation  of  a  quinone  from  such  a  compound  is  readily  expressed  in 
accordance  with  Graebe's  hypothesis — thus  • 

,  ,     ,  ,        (r 

— o — o- 

The  evidence  at  present  at  our  disposal,  however,  is  scarcely  sufficient  to 
warrant  the  rejection  or  adoption  of  either  view.  Graebe's  hypothesis,  although 
serving  well  to  explain  the  properties  of  benzoquinone  and  its  homologues, 
involves  the  a-ssumption  that  the  oxygen  atoms  are  united  in  a  manner  altogether 
without  analogy,  at  least  in  the  case  of  carbon  compounds,  and  on  this  ground 
alone  it  is  open  to  question  unless  it  can  be  shown  that  the  ketone  hypothesis 
does  not  equally  well  accord  with  their  behaviour.  Moreover,  although  benzo- 
quinone and  its  homologues  differ  greatly  in  their  properties  from  anthraquinone, 
which  is  generally  admitted  to  be  a  di-ketone,  they  in  many  respects  resemble 
phenanthraquinone,  which  undoubtedly  is  also  a  di-ketone,  and  the  difference 
between  these  quinones  is  certainly  no  greater  than  between  many  closely  allied 
ketones,  such  a^  methylethyl  ketone  and  methylphenyl  ketone,  for  example,  only 
the  first  of  which  is  capable  of  combining  with  acid  sulphites. 

From  these  remarks  it  will  be  evident  that  the  determination  of  the  conpti- 
tution  of  benzoquinone  and  its  homologues  is  a  problem  of  considerable  interest 
especially  as  the  acceptance  of  the  one  hypothesis  would  involve  the  rejection  of 
Kekul^'s  benzene  symbol. 

it  indicates  the  existence  of  only  3  di-derivatives — viz.,  of  a  meta-derivative 
(i  :  2  or  I  :  6),  of  an  ortho-derivative  (i  :  3  or  i  :  5),  and  of  a  para-derivative 
(i  :  4);  and  it  is  possible  to  represent  the  formation  of  metabromobenzoic  and 
isopbthalic  acids  by  oxidation  of  the  compounds  resulting  from  the  action  of 
zincio  ethide  on  benzene  dibromide,  C^H^Br,,  which  cannot  be  accounted  for  by 
means  of  Kekul^'s  symbol  (comp.  foot-note,  p.  395).  Obviously,  whereas 
Kekul^'s  symbol  represents  the  radicles  in  the  ortho-di-derivatives  as  associated 
with  contiguous  carbon  atoms,  this  symbol  represents  them  as  associated  with 
carbon  atoms  which  are  not  united :  so  that  the  term  relative  position  of  8uch 
and  such  radicles  has  reference  merely  to  a  given  symbol  and  has  no  absolute 
meaning  whatever.  The  constitution  of  the  derivatives  of  benzene  and  of  allied 
hydrocarbons  may,  however,  be  expressed  in  accordance  with  the  present  theory 
entirely  without  reference  to  the  constitution  of  benzene  itself  by  means  of  the 
simple  hexagon  symbol  so  frequently  employed  in  these  pages. 
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§   y.    SULPHINES   AND   SuLFHONES. 

These  compounds  bear  a  similar  relation  to  sulphurous  and 
sulphuric  acid  respectively  that  the  ketones  bear  to  carbonic 
acidj  thus : 

C0(0H)3  SO(OH),  SO^COH)^ 

Curbonio  add.  Solphiuroas  add.  Salphnrie  add. 

CO(C,H.),  SO(C,H,),  SO,(C,H,), 

Diethylketone.  DieUiylralphine.  DiphenylanlphoDe. 

The  resemblance  extends^  however^  only  to  their  formolse^  and 

not  to  their  properties. 

The  salphines  are  obtained  by  oxidation  of  the  correftponding  thioettien,  aod 
have  hitherto  only  been  prepared  from  those  of  the  S(CnHja  ^  j),  series.  The 
snlphones  are  formed  in  a  similar  manner,  and  by  the  action  of  sulphuric  acid 
and  of  ohlorhydrio  sulphate,  CISO^.OH,  on  hydrocarbons  such  as  benzene  aod 
naphthalene.  The  sulphones  resist  oxidation,  bat  they  are  readily  reconverted 
into  thioethers  by  the  action  of  reducing  agents. 

(17 16)  D1METHYL8ULPHIKE :  SO(CH,)j. — Nitric  acid  acts  with  gremfc 
violence  on  methylio  sulphide,  S(CH,)j ;  if,  however,  the  sulphide  be  gradually 
dropped  into  the  well-cooled  acid  it  dissolves,  and  on  evaporating  the  solution 
on  the  water  bath,  a  residue  is  finally  obtained  which  solidifies  on  cooling  to  a 
mass  of  colourless  crystals  of  the  nitrate  S(CH,),(OH).NO,.  By  deoompoeing 
a  solution  of  this  compound  with  baric  carbonate,  a  solution  of  the  oxide 
SO(CH,),  (or?  of  the  hydrate  (CH,),S(OH),)  is  obtained,  from  which  the 
latter  may  be  isolated  by  evaporating  the  liquid  at  first  in  the  water  bath  and 
then  in  vacuo,  and  extracting  with  alcohol  or  ether.  Dimethylsulphine  is  a 
colourless,  odourless,  oily  liquid,  which,  on  cooling  by  a  refrigerating  mixture, 
solidifies  to  a  mass  of  crystals ;  it  decomposes  on  distillation,  and  on  treat- 
ment with  zinc  and  sulphuric  acid  it  is  reduced  to  methylie  sulphide. 

MethyUlhyUuljphine,  CH,.SO.C,H.,  diethyUulphine,  SO(C,H^\.  dihuiyU 
lulphine,  SO(C,H,),*,  diuobutyUulphine,  S0(CH,.C3H,^),,  ethylisoprimary 
amyUulphine,  C,H,.SO.CHj.CH,.C,Hy^,  and  diisoprimary-amylsulpkine, 
SO(CH,  CH,.C,H,P),,  have  been  prepared  in  a  similar  manner  by  oxidizing  the 
corresponding  thioethers  with  nitric  acid ;  they  closely  resemble  the  methyl 
compound  in  their  properties  (comp.  Saytzeff,  Ann,  Ohem.  Pharm,,  cxxxiz. 
354;  cxliv.  148;  Grabowsky,  i5t<^.,  clxxv.  348;  Claessen,  Jour,  pr,  Ckem. 
[2],  XV.  174). 

(1717)  Phbntldisulphine:  Cj,Hj,8,0,  =  C^H^.OS.SO.C^H,,  the  analogue 
of  the  ketone  dibenzoyl  or  benzil  (p.  787),  is  formed  in  small  quantity  on  oxi- 
dation of  thiophenol,  being  doubtless  derived  finom  the  disulphide  C^H^.S.S.C  H^ 
which  is  the  first  product  of  oxidation;  it  is  also  obtained  together  with 
benzenesulphonic  acid  on  heating  benzenesulphinie  acid  with  water: 
3C.H..S0,H-=(C.H.),S,0,-»-C.H,.S0,H  +  0H,  (Otto,  Dmt  ehem,  Ges,  Ber., 
ix.  1639).  It  crystallizes  from  alcohol  in  transparent  monoclinic  plates, 
melting  at  45*"  (113°  F.};  on  oxidation  it  is  converted  into  benzenesulphonic 
acid,  and  on  reduction  into  thiophenol ;  when  boiled  with  potassic  hydrate  solu- 
tion it  yields  benzenesulphonic  and  benzenesulphinie  acids  and  phenylic  disulphide. 
The  homologous  compound,  paratolyJdiiulpkine,  is  formed  in  a  similar  manner 
from  thioparacresol. 

(17 18)  DiMETHYLStJLPHONB :    (CH,),SO,.— To    prepare    this    compound 
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from  dimeihjIsQlphine,  it  is  necessary  to  heat  the  ktter  with  concentrated  nitric 
acid  at  100°  (212°  F.).  It  forms  colourless  prisms  easily  soluhle  in  water  and 
alcohol,  melting  at  109°  (228^*2  F.),  and  boils  without  decomposition  at  238° 
(460^*4  F.) ;  it  does  not  combine  with  acids  like  dimethyUolphine  (Saytzeff, 
loc,  cit),  DiethyUulphone,  (SgH,)jSO,,  and  dibutylsulphone,  (Cfi^\SO^,  are 
in  all  respects  similar  compounds  (Oefele,  Ann.  Chem,  Pharm.,  cxxxii.  86; 
Grabowski,  loc,  cit,);  the  former  melts  at  70^  (158°  F.)  and  boils  at  248* 
(478''-4  F.) ;  the  latter  melts  at  43°-5  (ito°-2  F.) 

(1719)  DiPHBNYLSULFHONE  or  sulphohenzid :  (C,H,),SO,,  is  obtained  by 
oxidation  of  phenylic  sulphide  (C^HJ^S,  and  by  the  action  of  sulphuric  anhydride, 
sulphuric  chlorhydrate  and  pyrosulphuric  acid  on  benzene.  It  crystallizes  from 
alcohol  in  rhombic  plates,  melting  at  1 26^  (258^*8  F.)  It  dissolves  in  hot 
concentrated  sulphuric  acid,  being  converted  into  benzenesulphonio  acid,  but  is 
not  in  the  least  acted  upon  by  an  alcoholic  solution  of  potassic  hydrate  even  at 
180^  (356^  F.).  If  dissolved  in  carbonic  bisulphide,  it  is  not  attacked  by 
chlorine  either  in  shade  or  sunshine,  even  in  presence  of  iodine,  but  if  heated  to 
its  melting  point,  it  is  resolved  into  chlurobenzene  and  benzenesulphonio  chloride, 
S0,(C.HJ,  +  C1,  =  C.H,CI  +  C.H,.S0,C1  (Otto  and  Ghruber,  Ann.  Ckem. 
Pharm.,  cxlix.  1 74).  It  is  said  to  yield  a  liquid  dichlorinated  derivative  when 
acted  on  by  iodine  chloride  at  100°  (212^  F.) ;  an  isomeric  crystalline  dichlora- 
phenyUulphone,  (C.Hp\SO„  melting  at  Ml"*  (285**-8  F.),  is  obtained  by  the 
action  of  sulphuric  anhydride  on  chlorobenzene ;  the  latter  may  be  eho  prepared 
by  the  action  of  sulphuric  chlorhydrato,  and  by  means  of  this  reagent  corre- 
sponding bodies  are  formed  from  bromo-  and  iodobenzene  (Armstrong). 

By  heating  phenol  with  half  its  weight  of  fuming  sulphuric  acid  at  i  So*— 
190*  (356® — 374®  F.),  it  is  converted  into  paradioxyphepylsulphone  or 
oxysulphohenzid,  SO,(C^H^.OH),,  a  number  of  derivatives  of  which  have  been 
described  by  Glutz  and  Annaheim  {Jour,  pr,  Chem,  [2],  i.  14;  ii.  385  ;  Ann. 
Chem.  Fharm.,  clxxii.  28  ;  Deut.  chem.  Oes,  Ber.,  vii.  436).  This  compound 
forms  glistening  prismatic  needles,  melting  at  239*  (462^*2  F.)  ;  it.  dissolves 
in  alkaline  carbonates,  but  the  resulting  metallic  derivatives  are  formed  by  the 
displacement  of  only  a  single  atom  of  hydrogen ;  when  heated  with  sulphuric  acid, 
it  yields  phenolparasulphonic  acid. 

By  the  action  of  sulphuric  anhydride,  toluene  is  converted  into  ditolyl- 
*w;^Ao»«,SO,(C,H^.CHj,  a  crystalline  body  which  melte  at  about  i56®(3i2®-8  F.) 
(Otho  and  Gruber).  This  is  the  only  homologue  of  diphenylsnlphone  at  present 
known. 

By  heating  a  mixture  of  naphthalene  and  benzenesulphonic  chloride  with 
zinc,  Chrustechoff  has  obtained  a  crystalline  phenylnaphthylsulphone, 
C.H,.SO,.Cj,Hy,  melting  at  121**  (249**-8  F.)    {DetU.  chem.  Gee.  J?er.,  vii 

According  to  St«nhouse  and  Groves  {ibid.,  ix.  682),  two  isomeric  naphthyl- 
sulphonee,  80,(0,^11^),,  are  formed  simultaneously  on  heating  naphthalene  with 
sulphuric  acid;  they  melt  respectively  at  123®  (2S3**-4  F.)  and  177® 
(35o"-6  P.). 
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CHAPTER  X. 

THE    ACIDS   AND   THEIR   MORE    IMMEDIATE    DERIVATIVES. 

§  I.  Acids  of  the  C^Hz^+i-COOH  or  acetic  series;—^  II.  Amtdo- 
and  oafy-acids  derived  from  the  acids  of  the  acetic  series. 
Carbonic  acid.  Acids  of  the  lactic  series ; — §  III.  Adds  of 
the  CJI^{COOH)^  or  succinic  series; — §  IV.  Amido-  and 
oay-acids  derived  from  the  acids  of  the  succinic  series. 
Malic  and  tartaric  acids ; — §  V.  Polybasic  acids  of  other  series 
derived  from  the  paraffins.  Citric  acid; — §  VI.  Acids  of  the 
Cjfl^^^i-COOH  or  acrylic  series; — §  VII.  Adds  of  the 
CJI^-^i^OOH)^  or  fumaric  series;—^  VIII.  Acids  of  the 
C^H^^^.COOH  series  ;—^  IX.  Adds  of  the  CJI^^^.COOH 
or  benzoic  series; — §  X.  Amido-  and  oxy-adds  derived 
from  the  acids  of  the  benzoic  series; — §  XI.  Adds  of  the 
CJI^^{COOH)^  or  phthalic  series ;— §  XII.  Polybasic  acids 
of  other  series  derived  from  hydrocarbons  of  the  benzene 
geries;—^  XIII.  Adds  of  the  CJI^^_^.COOH  or  dnnamic 
g^rieg;—^  XIV.  Adds  of  other  series;—^  XV.  Unclassified 
adds ; — §  XVI.  Sulphinic  and  sufphonic  adds. 

Until  renently  it  has  been  the  practice  to  apply  the  term  acid 
almost  indiscriminately  to  all  compounds  furnishing  metallic 
derivatives  when  acted  upon  by  metallic  hydroxides  or  hydrates,  or 
by  metallic  carbonates,  so  that  bodies  of  the  most  various  classes, 
often  having  no  other  properties  in  common,  and  bearing  the 
most  distant  relation  to  each  other,  have  thus  been  classed  to- 
gether. On  carefully  comparing  the  compounds  which  exhibit 
"acid  properties,'^  that  is  to  say,  which  contain  one  or  more 
atoms  of  hydrogen  displaceable  by  metals,  it  becomes  evident 
that  in  all  cases  the  hydrogen  is  associated  with  a  radicle  con- 
taining a  more  or  less  negative  element,  such  as  one  of  the 
halogens,  oxygen,  sulphur,  or  nitrogen ;  so  that,  in  fact,  all  com- 
pounds of  hydrogen  with  negative  radicles  manifest  acid  pro- 
perties. Thus,  even  the  alcohols  of  the  CnHgn+i-OH  series,  in 
which  one  of  the  atoms  of  hydrogen  is  associated  with  a  feebly 
negative  radicle  of  the  form  C^Hj^+iO  (negative  only  by  reason 
of  the  presence  of  oxygen,  the  C^Hgn+i  radicles  being  strongly 
positive),  yield  metallic  derivatives  when  submitted  to  the  action 
of  the  hydroxides  of  the  alkali  metals ;  the  alcohols  of  the 
CnHgn-yOH  series,  far  more  readily  furnish  metallic  derivatives, 
which,  moreover,  are  much  more  stable  than  those  derived  from 
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the  alcohols  of  the  CnH2^^.i.0H  series,  the  radicle  associated  with 
hydrogen  in  these  compounds  being  more  negative  than  the 
CnHgn+iO  radicle,  as  the  radicles  of  the  CnHgn^y  series  are  in  a 
marked  degree  negative  in  comparison  with  those  of  the  CnHgn+i 
series.  Also,  by  introducing  negative  radicles  such  as  NO^  in 
place  of  hydrogen,  compounds  destitute  of  acii  properties,  or 
feebly  acid  bodies,  often  have  acid  properties  conferred  upon  them, 
or  become  more  strongly  acid ;  instances  in  point  are  the  nitro- 
paraffins  (i302)  and  the  nitro-derivatives  of  phenol  (1467). 

On  this  account,  chemists  have  been  led  in  the  CHse  of  carbon 
compounds  to  narrow  the  definition  of  the  term  acid,  and  to 
apply  it  only  to  bodies  in  which  one  or  more  atoms  of  hydrogen 
are  rendered  displaceable  by  metals  by  virtue  of  the  presence  in 
the  compound  of  negative  radicles  of  a  particular  kind.  What 
may  be  termed  organic  acids  proper  are  now  almost  universally 
regarded  as  compounds  containing  the  group  COOH,  the  hydro- 
gen in  this  group  being  that  which  is  displaced  by  metals  in  the 
folmation  of  true  salts.  These  carboxylic  or  carbo- acids,  as  they 
are  most  usually  termed,  may  also  be  regarded  as' derivatives  of 
carbonic  acid,  CO(OH)g :  viz.,  as  formed  from  it  by  the  displace- 
ment of  one  of  the  OH  groups  in  a  single  molecule  by  a  monad 
radicle — in  which  case  a  monobasic  acid  results,  or  by  the  dis- 
placement of  «-0H  groups  in  n  molecules  by  an  n-valent  radicle, 
whereby  a  polybasic  («-basic)  acid  is  formed.  The  term  acid  is 
further  applied  to  compounds  bearing  a  similar  relation  to  the 
polybasic  acids  formed  from  negative  elements  other  than  carbon, 
such  as  sulphuric  acid,  phosphoric  acid,  &c. 

(1720)  Methods  of  formation, — A  large  number  of  carboxylic 
acids  are  products  of  special  reactions,  or  are  derived  from 
special  sources,  but  the  following  are  general  reactions  by  which 
many  of  them  are  formed: — i.  By  oxidation  of  hydrocarbons. 
The  paraffins  and,  in  fact,  all  hydrocarbons  in  which  the  carbon 
atoms  may  be  regarded  as  associated  together  in  such  manner 
that  they  form  an  open  chain,  do  not  appear  to  furnish  acids  on 
oxidation  bearing  any  simple  relation  to  themselves ;  the  hydro- 
carbons of  the  benzene  series,  however,  and  those  similar  to  them 
in  constitution,  behave  in  a  very  definite  manner,  the  side  chain 
or  chains,  whatever  their  nature,  being  ultimately  oxidized  to 
carboxyl  (comp.  1395). 

2,  By  oxidation  of  aldehydes.  It  has  already  been  pointed 
out  that  the  aldehydes  are  very  readily  converted  by  oxidation 
into  corresponding  acids.  The  reaction  may  be  represented  as  one 
of  double  decomposition ;  thus : 
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R'.COH   +   (0   +   OHjj)   =  R'.COOH   +   OH,. 

Aldehyde.  Add. 

The  primary  carbinols,  which  yield  aldehydes  on  oxidation^  may 
of  course  be  converted  into  corresponding  acids  by  continued 
oxidation.  The  behaviour  of  secondary  and  tertiary  carbinols 
and  of  phenols,  "which  do  not  yield  corresponding  acids  on  oxida- 
tion, has  already  been  discussed. 

3.  By  displacing  one  or  more  atoms  of  hydrogen  in  hydrocar- 
bons by  carboxyl.  To  effect  this  the  haloid  derivative  of  the 
hydrocarbon  is  first  prepared,  and  is  converted  into  the  correspond- 
ing cyano-derivative  by  double  decomposition  with  a  metallic 
cyanide,  and  the  cyano-derivative  is  then  heated  with  water  and 
hydrochloric  or  sulphuric  acid  or  an  alkali.      For  example : 

CH^-hClg  =  CHp  +  HCl ;  CHgCl  +  KCN  =  CH3.CN  +  KCl ; 

]f  ethane.  Chloromeihane  ChloroiDeth»ne.  CreaomeUunc. 

CH3.CN+  20Hj  +  HCl  =  CH,.COOH  +  NH^Cl. 

CyaDometbane.  Aoetic  acid. 

It  is  the  practice  in  most  cases  to  decompose  the  cyanides  with 
the  aid  of  an  alkali,  but  it  would  appear  that  in  many  cases 
slightly  diluted  sulphuric  acid  may  be  advantageously  employed ; 
thus  by  heating  cyanethane,  CgHj.CN,  at  100°  (aia°  F.)  with 
a  mixture  of  3  vols,  sulphuric  acid  and  2,  vols,  water,  almost 
pure  propionic  acid,  CgHg.COOH,  is  produced  (Beckurt  and 
Otto,  Deut.  chein.  Ges,  Ber.,  x.  262). 

By  employing  the  haloid  hydrocarbon  derivatives  obtained  by 
the  action  of  haloid  acids  or  of  haloid  phosphorus  compounds  on 
the  alcohols,  acids  may  be  obtained  formed  from  the  alcohols  by 
the  displacement  of  the  OH  group  by  the  group  COOH.  The  haloid 
derivatives  available  for  the  purpose  are  only  those  in  which  the 
halogen  is  associated  with  a  carbon  atom,  or  with  carbon  atoms, 
forming  part  of  an  open  chain,  and  even  these  do  not  always 
furnish  acids,  but  sometimes  resist  the  action  of  cyanides,  and  at 
others  are  acted  upon  in  a  different  manner.  To  prepare  acids 
from  hydrocarbons  such  as  benzene,  the  hydrocarbon  is  converted 
into  a  sulphonic  acid  by  treatment  with  sulphuric  acid,  and  a  salt 
of  this  acid  is  distilled  with  a  cyanide,  the  resulting  cyanide 
being  then  decomposed  in  the  manner  stated ;  thus : 

C.H.  +  SO,H,  =  C.H..SO3H  +  OH, ;    C.H..SO,K  +  KCN  =  C.H..CN  +  K^SO, ; 

*"  Benzeneaulphonio  acid.  CyauobenjEene. 


C.H,.CN  +  2OH,  +  Ha  =  C,H,COOH  +  NH.Cl. 

pyanobenzeiie.  Benzoic  acid. 

(1721)   General  properties. — The    carboxylic    acids    readily 
enter  into  reaction  with  metallic  oxides,  hydroxides  and  carbo- 
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nates  forming  metallic  salts,  the  hydrogen  of  the  group  COOH 
being  displaced  by  an  equivalent  amount  of  metal.  In  polybasic 
acids,  the  several  atoms  of  hydrogen  of  the  several  COOH  groups 
may  be  displaced  one  by  one,  and  from  each  acid  one  or  more 
acid  salts  may  be  obtained,  as  well  as  a  normal  salt,  an  acid 
which  is  It-basic  yielding  w-i  acid  salts.  Some  monobasic  acids 
also  furnish  hyperacid  salts  of  the  form  R'.COOM'.R'.COOH. 

The  acids  also  enter  into  reaction  with  the  alcohols  in  pre- 
cisely the  same  manner  as  with  metallic  hydroxides^  forming  acid, 
normal  and  basic  ethereal  salts ;  the  basic  ethereal  salts  are  the 
analogues  of  the  basic  metallic  salts  derived  from  polyhydric 
metallic  hydroxides,  being  formed  by  the  partial  displacement  of 
the  OH  groups  in  polyhydric  alcohols  by  radicles  resulting  from 
the  acids  by  the  withdrawal  of  the  hydrogen  atoms  of  the  COOH 
groups. 

The  adds  are  not  affected  by  the  haloid  acids,  but  when 
submitted  to  the  action  of  the  haloid  phosphorus  compounds, 
they  yield  acid  halides — acid  chlorides,  bromides  and  iodides,  the 
group  OH  in  the  COOH  group  being  displaced  by  chlorine, 
bromine  or  iodine.  These  compounds  are  very  readily  reconverted 
into  the  acids  by  decomposition  with  water. 

By  the  action  of  heat  on  their  ammonic  salts,  or  by  treating 
their  ethereal  salts  and  acid  halides  with  ammonia,  the  acids  are 
converted  into  amic  acids  and  acid  amides,  the  amic  acids  being 
formed  by  the  displacement  of  part,  and  the  acid  amides  by  the 
displacement  of  the  whole,  of  the  OH  groups  in  the  COOH 
groups  present  in  the  acid.  These  compounds  are  also  readily 
decomposed  by  water. 

By  the  action  of  the  acid  chlorides  of  monobasic  acids  on      ' 
metallic  salts  of  the  same  acids^  acid  anhydrides  are  formed, 
which  are  related  to  the  acids  in  the  same  way  that  the  ethers 
are  to  the  alcohols  ;  thus  : 

R'.COOH  (B.COO),0  R'.OH  {'Ei\0)fi. 

Monobasic  ftdd.  Acid  aubydride.       Hoaohydrie  alcohol.  Ether. 

Many  polybasic  acids  famish  corresponding  compounds.  The 
acid  anhydrides  are  as  a  rule  readily  decomposed  by  water. 

The   COOH    group   in   acids    may   often    be    displaced    by 
hydrogen,  by  distilling  their  baric  or  calcic  salts  with  baric  or 
calcic  hydrate;   for  example,  benzene  is  obtained  on   distilling    * 
calcic  benzoate  with  calcic  hydrate  : 

(C^H,.CO,),Ca  +  Ca(OH),  =  2C,H^  +  2CaCO,. 

Calde  bcnsoAte.  BcQaene.  f~^  r^r^r-i\r^ 
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The  formation  of  ketones  by  heating  metallic  salts  of  acids  has 
been  previously  described. 


§  I.  Acids  of  the  C^Hgn+i-COOH  oe  Acetic  Series. 


(1722)  The  following  acids  of  this  series  are  known : 


CH,0,        Formic  acid    ....     H.COOH 
O^H^O,       Acetic  acid      ....     CH,.COOH 
C  H  0        Propionic  or  methacetio 

acid C,H..COOH 

(  Butyric  or  etliacetic  acid     C,H,.CH,.COOH 
C^HgOj    <  Isobutyricordimethacetic 

(      acid 

Pentylic  (valeric)  or  prop- 
acetic  acid  .... 

Isopentylic  or  isopropace- 
ticacid        .... 

Methethacetio  acid     .     . 

Trimethacetic  acid     . 

Hexylic  (caproic)  or  te- 

trylacetic  acid        .     . 
Isohexylic  or  isoprimary- 

tetrylacetic  acid     •     . 
Diethacetic  acid    .     .     . 
Dimethethacetic  acid 
Normal  hepty  lie  or  oeDan- 

thylic  acid  .... 
(  Normal  octylic  or  capi-y- 
C.H,.0,  \      lie  acid C,H 


8-5 
167 


B.P.°C. 
100 
118 


CAoO. 


^.H«0, 


ClH,0 


(CHJ,.CH.C00H 

C,H,*CH,.COOH 

(CH,),CH.CH^COOH 
C,H,.CH(CH,).COOH 
C(CH,),.COOH 

C,H/.COOH 

C,H/.COOH 

CH(C,H,),.C0OH 

C^..C{CH,),.COOH 


C,H„*.COOH 


liq.at  -21   1407 
o^         162-4 

—        154 

liq.at -16  185 


35-4 


173 
1638 

205 


,.COOH 


( Isoaecondary  octylio  acid .  CH(CH,).CH,.C(CH3), 


Hq.at  -18  200 

—  196 
-14  187 

-105   224 

16-5   236 

—  abt.  215 


COOH 
r  Normal  nonylic  or  pelar- 
CH  O    J      &of><Jacid.     .     .     .    C,H^.COOH  12-5      254 

•    »»   2   ]  Isoprimary    nonylic    or 

[      methbexacetic  acid     .     C,Hj,^CH(CH,).COOH  liq.at-ii  245 

269 


C..H„0. 


0..H..0. 


C.,H„0. 


C..H„0. 

C«H„0. 
•  C„H„0, 
0„H„0. 


Decylic  or  capric  acid     .  C^Hj^.(XX)H 

Dodecylic  or  lauric  acid  CjjH^.COOH 
Tetradecylic  or  myristic 

acid Cj,H„.COOH 

Hexdecylic    or   palmitic 

acid C„H,j.COOH 

Heptadecylic  or  margario 

acid C„H3,.C00H 

Octadecylic  or  stearic  acid  C„H,^.COOH 

.     .  C„H„.COOH 

.     .  C,jH^.COOH 

.     .  C,,H,,.COOH 


Arachidic  acid 
Behenic  acid 
Hy»nic  acid 
Cerotic  acid 
C^^H^O,     Meliasic  acid 


C,.H„.COOH 
C,.H.,COOH 


30 
43*6 

54 
62 

59'9 
69*2 

75 
76 

77 
79 
91 


The  acids  of  this  series  are  commonly  termed  fatty  acids  on 
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account  of  the  oily  or  fatty  character  of  the  higher  terms. 
Several  of  them  occur  in  the  free  state  in  nature^  as  formic 
acid  in  ants^  in  certain  caterpillars^  and  in  the  nettle ;  valeric  acid 
in  valerian  root;  and  ceroticacid  in  beeswasc.  Others  are  present 
in  the  form  of  ethereal  salts  in  various  animal  and  vegetable  pro- 
ducts :  the  essential  oils  obtained  from  certain  species  of  Umbel- 
lifera  contain  substances  such  as  octylic  acetate  and  hexylic  buty- 
rate,  for  example ;  spermaceti^  a  crystalline  substance  found  in 
cavities  in  the  head  of  the  sperm-whale  is  a  cetylic  palmitate ;  and 
mutton  and  beef  fat  chiefly  consist  of  glyceric  stearate,  and  palm 
oil  of  glyceric  palmitate. 

Those  containing  more  than  10  atoms  of  carbon  have  all 
been  separated  from  natural  products,  and  as  yet  they  have  not 
been  obtained  in  isomeric  modifications.  The  lower  terms  have 
been  prepared  by  the  general  methods  already  described  and  by 
various  special  methods,  and  of  many  of  them  a  number  of 
isomerides  are  already  known. 

The  lowest  terms  are  mobile  colourless  liquids  readily  soluble 
in  water,  but  as  the  series  is  ascended  the  mobility  and  solubility 
in  water  diminishes,  and  the  highest  terms  are  crystalline  solids, 
almost  insoluble  in  water.  The  liquid  members  mostly  possess 
more  or  less  characteristic  odours. 

They  furnish  crystalline  salts,  which  are  less  and  less  soluble 
in  water  as  the  series  is  ascended.  They  are  bodies  of  conside- 
rable stability,  all  but  the  highest  terms  distilling  unchanged. 
All  except  formic  acid  oppose  considerable  resistance  to  the 
action  of  oxidizing  agents ;  but  when  sufficiently  powerful  means 
are  employed,  thev  furnish  lower  terms  of  the  series,  and  acids 
of  the  succinic  series  (comp.  Herez,  Ann.  Chem,  Pharm.,  clxxxvi/ 
257) ;  they  yield  haloid  substitution  derivatives  without  difficulty, 
but  resist  the  action  of  concentrated  nitric  and  sulphuric  acids. 

(1723)  Formic  or  Mjbthylic  Acid:  CHj03=H.C00H. — 
This  acid  or  its  salts  occur  in  ants  {Formica — hence  its  name),  in 
the  hairs  and  other  parts  of  the  caterpillar  of  Bombyx  procemonea 
and  other  caterpillars,  in  nettles,  and  in  the  perspiration  and 
other  secretions  of  the  human  body.  According  to  Chapman 
(Jour.  Chem.  Soc,  xx.  133),  a  minute  amount  of  formic  acid  is 
obtained  when  pure  carbon  is  oxidized  with  permanganic  acid ;  it 
is  also  formed  in  small  quantity  on  passing  the  silent  electric  dis- 
charge through  a  mixture  of  carbonic  anhydride  and  hydrogen  • 
(Brodie,  Proc.  Roy.  Soc,  xxi.  245)  :  CO3  4-  H^rsCHgOj ;  and  it  is  a 
product  of  the  oxidation  of  methylic  alcohol,  and  of  a  very  large 
number  of  carbon  compounds,  especially  highly-oxygenated  bqdies 
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such  as  sugar^  starchy  Sec.,  although  the  amount  obtaiued  in  this 
way  is  but  small  on  account  of  the  readiness  with  which  it 
undergoes  further  oxidation. 

Formic  acid  or  formates  are  obtained  in  many  other  ways; 
for  example :  by  reduction  of  carbonic  acid^  as  when  potassiam 
is  exposed  in  an  atmosphere  of  moist  carbonic  anhydride  (Kolfae 
and  Schmitt) :  CO(OH)g+H2=H.COOH  +  OH3;  or  when  sodium 
amalgam  acts  upon  a  strong  aqueous  solution  of  ammonic  car- 
bonate (Maly) ;  by  heating  moist  potassic  hydrate  with  carbonic 
monoxide  at  100°  (aia°  F.)  for  some  hours  (Berthelot)  :  CO  +  HOK 
=  H.COOK;  by  heating  hydrocyanic  acid  with  water  and  an  add 
or  an  alkali ;  by  the  action  of  potassic  hydrate  on  trichloromc- 
thane  (chloroform):  HCCl3+4HOK=3KCl+20H2  + H.COOK; 
and  by  heating  the  acids  of  the  lactic  series  of  the  form 
C„H2„+i.CH(0H).C00H,  with  dilute  sulphuric  acid;  for  example: 
CH3.CH(OH).COOH  +  OHj=CH3.CH(OH),+  H.COOH. 

It  is  best  prepared  by  Lorin's  method,  by  heating  oxaUc  arid 
with  glycerol  (glycerin). 

When  oxalic  acid  is  heated  alone,  it  is  reHolved  into  carbonic  itnliydrHle  ed 
formic  acid :  COOH.COOH  =  CO,  +  H.COOH,  but  thi»  deoompoBition  onUtoka 
place  at  an  elevated  temperature,  and  much  of  the  formic  acid  is  in  conseqaeeee 
resolved  into  carbonic  oxide  and  water ;  in  presence  of  glycerol,  however,  tie 
decomposition  commences  below  50°  (122^  F.),  and  is  completed  below  no' 
(230*"  F.),  little  or  no  carbonic  oxide  being  produced.  Apparently  the  g\ytad 
promotes  the  decomposition  of  the  oxalic  acid  in  virtue  of  the  tendency  whid 
it  haK  to  react  with  formic  acid,  producing  a  basic  ethereal  salt  (gUffn^ 
monoformin):  C,H.(OH),  +  H.COOH  =  H.COO(C,H,OH,  +  (OH), ;  thissdu 
decomposed  by  heating  with  water,  yielding  glycerol  and  formic  and: 
H.COO.C,H,(OH),  +  OH,  =  H.COOH  +  C,H,(OH).. 

Loriu  recommends  the  following  mode  of  proceeding: — 1*12  kilogwM  fif 
glycerol  and  3  kilos,  of  powdered  ordinary  oxalic  aoid  (H,C,0^  +  2OHJ  k 
placed  in  a  large  retort,  and  the  mixture  heated  over  a  naked  flame ;  as  mod  u 
formic  acid  begins  to  distil  over,  fresh  oxalic  acid  is  added  in  such  quantity  » 
to  maintain  as  nearly  as  possible  the  original  level  of  liquid  in  the  retort  Tk 
acid  is  added  only  twice  a  day,  and  the  retort  is  cooled  a  little  before  each  addi- 
tion of  oxalic  acid ;  the  same  quantity  of  glycerol  suffices  to  decompose  s 
relatively  very  large  amount  of  oxalic  acid.  The  distillate  is  almost  of  ooo^t 
strength,  and  contains  about  56  per  cent  of  formic  acid ;  by  distilliitg  il 
again,  a  liquid  ooutaiuing  about  77  5  per  cent,  of  add,  which  boils  constaatl; 
at  107°  (224°'6  F.),  may  be  separated,  and  by  dissolving  anhydrous  oxalic  aed 
in  this  with  the  aid  of  a  gentle  heat,  allowing  to  cool,  and  then  distilling  tlv 
portion  which  remains  liquid,  a  product  is  obtained  which  when  wellcookd 
solidifies  to  a  mass  of  crystals  of  anhydrous  formic  acid.  By  distilling  dehydrated 
oxalic  acid  with  glycerol,  375  per  cent,  solution  of  formic  acid  may  be  obtaio^ 
,  directly,  but  on  account  of  the  frothing  the  temperature  moat  be  very  carefully 
watched. 

Anhydrous  formic  acid  may  alno  be  prepared  by  decomposing  carefully  dried 
cnprio  or  plumbic  formate — preferably  the  former — by  sulpharetted  hydrogen  at 
a  temperature  not  exceeding  ioo"*  (212°  F.). 
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The  decomposition  of  ozalio  acid  may  be  effected  in  a  Himilar  manner  hy 
means  of  other  polyhydric  alcohols,  such  as  ethylenic  glycol,  erythrol,  mannitol, 
dulcitol,  and  quercitol ;  the  temperature  of  commencing  decomposition  is  lower 
when  the  glycols  are  employed  than  with  glycerol,  but  with  erythrol  and  the 
other  alcohols  the  evolution  of  gas  commences  only  at  about  75°  (167**  F.); 
and  dulcitol  requires  a  higher  temperature  than  roannitol  (Lorin). 

Formic  acid  is  a  colourless^  inflammable,  highly  corrosive, 
pungent-smelling  liquid,  of  the  sp.  gr.  raa  at  26"  (68°  F.);  it 
boils  at  about  100^  (212°  P.).  •  When  cooled  to  a  temperature 
below  0°  (32°  F.),  it  crystallizes  in  "large  brilliant  plates,  melting 
*^  ^^'5  (47^*3  F.).  It  mixes  in  all  proportions  with  water, 
alcohol,  and  ether.  On  account  of  the  readiness  with  which  it 
undergoes  oxidation  to  carbonic  acid,  formic  acid  is  a  powerful 
reducing  agent:  thus,  when  it  is  heated  with  a  sohition  of 
mercuric  chloride,  mercurous  chloride  is  precipitated;  a  cold 
aqueous  solution  dissolves  mercuric  oxide,  but  when  the  liquid  is 
gently  heated,  white  micaceous  crystals  of  mercurous  formate  at 
once  separate,  and  carbonic  anhydride  is  evolved ;  whilst,  if  the 
solution  be  boiled,  nothing  but  metallic  mercury  is  precipitated ; 
similarly,  argentic  oxide  is  instantly  reduced  by  the  heated  acid> 
but  is  dissolved  by  the  ^old  acid.  Formic  acid  is  resolved  into 
carbonic  oxide  and  water  by  heating  gently  with  concentrated 
sulphuric  acid ;  chlorine  converts  it  into  hydrochloric  acid  and 
carbonic  anhydride. 

It  forms  with  water  'an  unstable  '  hydrate,'  orthoformic 
acid,^  HC(OH)g,  which  boils  constantly  at  107°  (224°-6  F.)  under 
a  pressure  of  760  mm.  of  mercury  (Roscoe,  Jour,  Chem.  Soc,  xv. 
271);  when  distilled  under  a  lower  pressure  this  hydrate  loses 
acid,  and  when  distilled  under  a  higher  pressure  it  loses  water, 
the  boiling  point  fdlling  or  rising  aecordingly,  but  all  mixtures  of 
^rmic  acid  and  water  ultimately  aftain  approximately  the  com- 
position HC(OH)j  when  distilled  under  the  ordinary  atmospheric 
pressure. 

Formates. — Theae  are  mostly  easily  soluble  in  water.     The* most  charac- 
teristic are  cwpric  formate,  (HC03)2Cu  +  4OH5,  which  forrys  large  bright  blue  , 
monoclinic  prisms ;  and  plumbic  formate,  (HCO,),Pb,    which   crystalliies  in 
colourless  shining  rhombic  prisms.  ^  Argentic  formate  is  white,  but  quickly 


*  Properly  speaking  this  compound  is  not  an  acid,  but  a  trihjdric  alcohol 
(acidkifdrol),  homologous  with  glycerol  (glycerin),  bearing  the  same  relation 
to  the  parent  acid  that  the  aldehydrols  bear  to  the  aldehydes  (comp.  1491). 
So-called  ethylie  artkoformate,  HC  (0C,HJ,,  the  mixed  ether  derived  from  it 
and  ethylic  alcohol,  and  which  is  obtained  by  the  action  of  sedic  ethylate  on 
trichloromethane,  is  a  perf«eUy  stable  compound;  it  is  a  colourless  liquid,  of 
pieaaant  aromatic  odaar»  almoat  inaolnble  in  water,  boiling  at  146^  (a94''*8  F.). 
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tarns  black  even  in  the  dark,  and  is  immediately  decomposed  when  heated. 
Basic  plumbic  formate«  such  as  HCO,.Pb.O.Pb.CO,H  are  produced  on  boiling 
solutions  of  the  normal  salt  with  plumbic  oxide.  By  dissolving  potassic  and 
sodic  formates  in  aqueous  formic  acid  and  evaporating  in  vacuo,  crystals  of  acid 
salts  ar^  obtained  which  may  be  regarded  as  derived  from  "  orthoformic  acid/*  thus : 
HCO.Na  +  HCO,H  +  OH,  =  HC(ONa)(OH).O.CH(OH), ;  and  mixed  salts  con- 
taining copper  or  zinc  and  barium,  which  may  also  be  regarded  as  derivatives 
of  this  acid,  are  formed  on  evaporation  of  mixed  solutions  of  the  simple  salts. 
Solutions  of  formates  are  coloured  blood-red  by  the  addition  of  ferric  chloride. 
On  evaporating  in  vacuo  a  solution  of  ferrous  formate  oxidized  by  nitric  acid,  the 
basic  ferric  formonitrate  Fe5,(HC0,),(N0,),(0H),  is  deposited  in  red  iridescent 
crystals ;  a  solution  of  ferrous  chloride  in  formic  acid  similarly  treated  yields  the 
compound  Fe,Cl,(HCO,)^ ;  and  by  oxidizing  a  mixture  of  equivalent  quan- 
tities of  ferrous  formate  and  acetate  with  nitric  acid,  the  formaoetonitrate 
Fe,(HCOJ,(CH,.CO,),(OH),  is  produced. 

(1724)  Acetic  or  Ethylic  Acid  :  CgHPgrrCHg.COOH.— 
Acetic  acid  or  its  salts  occur  in  small  quantity  in  the  juices  of  many 
plants  and  in  several  animal  secretions.  It  may  be  formed  by 
the  methods  already  described  from  methane,  ethaldehyde,  ^nd 
ethylic  alcohol.^  On  exposing  sodic  metbide  to  the  action  of 
carbonic  anhydride^  tKese  twq  compounds  combine,  forming  spAc 
acetate  (Wanklyn) :  CH^Na  +  C0s=CH3.CO2Na;  according  to 
Berthelot,  if  a  mixture  of  cjqual  volumes  of  acetylene  and  oxygen 
is  exposed  over  potassic  hydrate  solution,  it  is  gvadually  ab- 
sorbed with  formation  of  potassic  acetate,  and' 'the  acid  itself  is 
formed  by  oxidation  of  acetylene  with  a  solution  of  pure  chromic 
acid.  On  the  large  scale,  acetic  add  is  prepared  either  by  the 
distillation  of  wood,  or  by.  the  atmospheric  oxidation' <^  a  dilute 
aqueous  solution  of  alcohol.  *     •    .    *  1 

In  preparing*  it  by  the  {brmer  method,  the  acid  liquid  which-  distils  orer 
(1285)  is  again  distilled,  and  the  portion  which  first  passes  over,  consisting 
chiefly  of  methylic  alcohol  and  acetone,  is  collected  apart  ,^the'  crude  acid  which  is  . 
afterwards  collected  is  neutralized  wHh  milk  of  lime,  and  theresulting  impure  solu- 
tion of  calcic  acetate  is  mixed  with  a  solution  of  sodic  sulphate  :  the  solution- 01 
sodic  acetate  thus  formed*  is  drawn  off  frotri'the  calcic  sulphate  and  .evaporated 
to  the  crystallization  point,  and  the  crystals  of  sodic  acetate  are  then  dried  and 
carefully  fused  in  order  to  expel  and  decompose  adherent  tarry' matter;. finally 
the  fused  salt  is  recrystallized  from  water,  and  decomposeH  by  distillation  with 
hydrochloric  or  sulphuric  acid.  To  obtain  the  anhydrous  acid,  dehydrated -sod  io 
acetate  is  decomposed  by  the  equivalesi  quantity  of  concentrated  salphufic 
acid  (comp.  1690). 

In  Germany  and  other  countries  where  alcohol  is  cheap,  dilute  acetic  add  it 
prepared  by  oxidation  of  alcohol,  which  is  effected  by  .allowing  the  diluted  spirit 
to  trickle  slowly  over  a  large  surface  of  wood  shavings  or  birch  twiffs  contained 
.  in  vats  of  suitable  construction  provided  with  a  row  of.  a{)ertures  near  the  bottom  * 
to  admit  air.  In  this  country  vinegar  {acetum)  is  prepared  in  a  similar  mann^ 
from  a  weak 'jmalt- wort  which  has  been  allowed  to  ferment  in  contact  with  beer 
yeast.  The  formation  of  acetic  acid  in  this  nianner  is  not  the  retiult  of  -the 
immediate  oxidation  of  the  alcohol  by  the  atmospheric  oxygen,  nor  ia  it  to  be 
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attributed  to  the  great  extent  of  Burfaoe  over  which  the  alcohol  is  spread,  but  it 
18  iu  some  way  induced  by  a  microecopic  organism,  the  M^coderma  aceti.  If 
this  organism  be  rigidly  excluded,  no  acetic  acid  whatever  is  formed,  however 
great  the  vurface  over  which  the  dilute  alcohol  is  spread  (Pasteur ;  A.  Mayer). 
The  roycoderm  apparently  exercises  an  influence  similar  to  that  of  finely - 
divided  platinum,  and  quite  different  from  that  of  yeast  and  other  microscopic 
organisms  which  excite  fermentation. 

Pure  acetic  acid  forms  large  colourless  transparent  crystals, 
melting  at  i6°7  (6a°  F.) ;  in  the  liquid  state  it  is  a  colourless, 
mobile,  pungent-smelling  substance,  boiling  at  118^  (^M4^'4  ^0* 
It  is  highly  corrosive,  and  rais,es  blisters  on  the  skin.  It  is 
miscible  in  all  proportions  with  water,  alcohol  and  ether,  and  is 
itself  a  good  solvent  for  many  substances.  According  to  Men- 
deleff,  acetic  acid  has  the  sp.  gr.  1*0607  at  15°  (59°  P.)  referred  to 
water  at  4°  (39°* 2  P.).  On  diluting  the  acid  with  water,  the 
sp.  gr.  increases  up  to  a  certain  point,  but  according  to  Roscoe 
and  Oudemanns  the  maximum  density  of  mixtures  of  acetic  acid 
and  water  bears  no  relation  to  a  fixed  equivalent  proportion  of 
the  acid  and  water,  but  corresponds  to  a  different  proportion  for 
ea<?h  particular  temperature.  The  mixtures  which  exhibit  the 
maximum  density,  however,  are  not  far  removed  in  composition 
from  a  hydrate  of  the  formula  CjH^Og-f  0Hj,=CH3.C(0H)j,  and 
there  can  be  little  dpubt  that  afti  aqueous  solution  of  acetic  acid 
at  least  partially  consists  of  this  '  acidhydrol  /  it  is,  however,  a 
Aiuchless  stable  compound. than  the.  homologous  ^methacidhydrol' 
derived  f];om.  formic  acid, .  mixture,  of  acetic  acid  and  water, 
whatever  the  proportion^  of»  the  constituents,  being  decomposed 
•by.  distillation  in  such  a  manner  )els  ultimately  to  leave  a  residue 
of  the  almost  anhydrous  acid,  no  mijcture  exhibiting  a  constant 
boiling  point  or  dj^tilling  of  approximately  constant  composition 
(Roscoe).  The  mixed  ether  <lerived  from  '  ethacidhydroF  and 
%thylic  alcohol,  CHj.C(OCjHj)j,  obtained  by  heating  ^-trichlor- 
ethatfe,  CHgXICl,,  with  sodic'  ethylate  and  ether  in  sealed  tubes 
fct  i6p° — 120°  (212°— 248®  F.y,  is  a  colourless  liquid,  ][foiliug  con- 
stantly at  142''  (•287°-6  P.)  (Geuther,  Jahresb.,  1870,  636). 
•  At  temperatures  near  to  its  boiling  point,  un^er  the  ordinary 
pressure,  the  vapour, of  acetier  acid  has  a  density  considerably 
greater  than  corresponds  to'  the  formula  CjH^Og,  and  only  ex- 
hibits the  normal  density  at  about  250°  (482°  P.),  but  under  a 
pressure  of  about  20  mm.  the  vapour  has  nearly  its  normal 
density  even  at  ordinary  temperatures.  '  Hence  it  appears  that  ' 
the  molecules  of  acetic  acid  vaj)our  are  not  similarly,  constituted 
at. all  temperatures* and  under  all  pressures,  but  tibat  a  given 
quantity  of  acetic  acid  forms  a  smaller  number  of  molecuiles  at 
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low  than  at  high  temperatures,  and  a  greater  number  of  molecules 
at  low  than  at  high  pressures  (comp.  Horstmanu^  Deut,  chem,  Ges. 
Ber,y  iii.  78 ;  Naumahn,  ibid.j  iii.  702).  It  is  not  improbable 
that  the  increased  density  is  due  to  the  presence  of  molecules  of 
the  formula  C^HgO^  the  relation  of  which  to  the  simpler  molecules 
CgH^Oj  may  be  expressed  by  the  formulae : 

CH3.COOH  CH3.C(0H)  1 Q  j  C(0H).CH3; 

or  it  perhaps  results  merely  from  the  mean  distances  between  the 
molecules  being  less. 

Acetic  acid  is  a  very  stable  substance,  being  scarcely  affected 
by  ordinary  oxidizing  agents  or  concentrated  nitric  acid,  or  by 
fusion  with  alkalies.  On  passing  its  vapour  through  red-hot 
tubes  the  greater  part  remains  unaltered,  but  a  portion  is  decom- 
posed, dimethylketone  and  methane  being  the  principal  products. 
By  the  action  of  chlorine  in  sunshine,  it  is  converted  into  chlo- 
rinated derivatives,  brominated  derivatives  being  formed  by 
heating  it  with  bromine.  • 

AceUUet.'^Aceiic  aoid  forms  a  large  Dnmber  of  metallic  salts,  which  mostly 
crystallize  well  and  dissolve  readily  in  water.  In  addition  to  thenormcU  pctassicsalt, 
EC^H^O,,  which  is  extremely  soluble  in  ^ter  and  crystallizes  with  difficulty,  it 

forms  a  hyperacid  salt :  KC,H,0,.C,H,0,  =  (P)  CH,.C(6K)  |  ^  i  C(OH).CH,, 

which  may  be  obtained  by  dissolving  the  normal  aalt  in  an  excess  of  acid  and 
evaporating  the  solution;  it  crystallizes  in  long,  flattened  prisms,  melting  at 
148°  (298°-4  P.),  and  when  heated  to  about  200*  (392®  F.)  it  is  resolved  into 
the  normal  salt  and  acetic  acid.  The  corresponding  sodic  salt  is  similarly 
decomposed,  and  this  property  affords  a  conyeuient  means  ot  obtaining  an-^ 
hydrous  acetic  acid.  By  dissoiving  potassic  acetate  in  boiling  acetic  anhydride, 
the  compound  2KCfifi^,CfijC>^  'is  said  to  be  produced ;  it  crystallizes  in 
colourless  needles.  * 

Sodic  acetate,  NaC^H^Oj  +  3011,,  crystallines  readily  in  large  efflorescent 
rhombic  prisms,  soluble  in  about  3  pts.  of  cold  water ;  the  anhydrous  salt  meltv 
at  288°  (S50*-4  P.),  and  begins  to  decompose  at  about  315**  (599**  P.).  Two 
hyperacid  sodic  salts  may  be  obtained,  NaGjH,0,.C,H^O,  and  NaC,H,0,.2CjH^0i 
(comp.  LesccBur,  Compt  Bend,,  Ixxxiv.  1029) ;  and  by  dissolving  the  normal 
•salt  in  boiling  acetic  anhydride,  Perk  in  (Jour,  Chem.  8oc„  xxi.  185)  has 
obtained  the  compound  NaC,H,O^.C^H^0,. 

Ammonic  acetate,  NH^GjU^O,,  is  formed  on  saturating  dry  acetic  acid  with 
ammonia  gas,  but  the  tendency  to  form  the  hyperacid  salt  is  so  great,  that  on 
evaporating  the  aqueous  solutioii  of  the  normal  salt,  ammonia  is  given  off,  and 
the  latter  remains.  On  distillation,  ammonic  acetate  is  resolved  into  water  and 
4k;etamide:  CH3.C00NH^=:CH,.0O.NH,  + OH,. 

Baric,  calcic  and  ^roniic  acetates  are  very  soluble,  but  crystallize  readily ) 
magneeie  acetate  crystallizes  with  difficulty. 

ArgeiUic  xicetaie,  AgCflfi^,  crystallizes  from  hot  water  in  thin,  flat, 
glistening,  flexible  needles;  it  dissolves  in  about  100  pis.  of  cold  water,  but  is 
somewhat  amve  sohibie  in  hot  water. 
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Plumbic  acetate  (sugar  of  lead),  Pb(C,H,0^),  +  3OH,,  crystallizefi  in 
effloresoent  monoctinic  prismi*,  soluble  in  about  i  J  pta.  of  cold  water,  and  in 
about  8  pta.  of  alooliol;  the  aqueous  eolation  baa  an  intensely  sweet  astringent 
taste :  it  does  not  yield  a  precipitate  with  ammonia  in  the  cold,  but  is  partially 
decomposed  by  carbonic  acid.  By  digesting  the  solution  of  the  normal  acetate 
with  plumbic  oxide,  two'  banc  plumbic  arefates  are  formed :  the  first 
[CH,.COO(PbOH)]^  +  OH,  or  CH,.COO.Pb.O.Pb.O.COO.CH,+ 2OH,  is  pre- 
pared by  dissolving  the  requisite  amount  of  oxide  in  the  solution  of  the  acetate  ; 
the  second,  (CH,.COO.PbO),Pb  by  boiling  a  solution  of  6  pts.  of  the  normal 
salt  with  7  pts.  of  the  oxide,  or  by  allowing  a  saturated  solution  of  the  normal 
salt  mixed  with  one-fiflh  its  volume  of  ammonia  to  evaporate :  it  forms  long 
silky  needles,  very  soluble  in  water,  but  insoluble  in  alcohol.  A  less  bjisic  salt 
is  said  to  be  formed  by  heating  the  normal  salt  until  it  melts  and  subsequently 
solidifies  in  a  white  porous  mass,  more  basic  salts  by  boiling  the  normal  salt  with 
an  excess  of  the  oxide  (comp.  Loew,  Jour.  pr.  Chem,,  xcviii.  385).  The  basic 
salts  are  all  decomposed  by  carbonic  anhydride,  and  converted  into  the  normal 
salt  and  basic  carbonate  (white  lead);  they  furnish  precipitates  with  a  large  number 
of  hydroxyl  compounds  which  are  not  precipitated  by  the  normal  acetate. 

Cupric  acetate,  Cu(C,Hj05),,  below  8°  (46*'-4  F.),  crystallizen  with  5  mols. 
of  water  in  large  blue  prisms,  but  above  this  temperature  it  forms  beautiful 
dark-gpreen  crystals  containing  only  a  single  mol.  of  water ;  its  aqueous  solution 
it  decomposed  by  boiling  with  separation  of  a  difficultly  soluble  basic  salt 
(Cu(C2H,0,)^.CuO),  of  which  several  are  known  corresponding  in  composition  to 
the  basic  plumbic  acetates.  Common  verdigris,  obtained  by  exi>osing  plates 
of  copper  to  the^  air  in  contact  with  acetic  acid,  is  a  mixture  of  basio 
cupric  acetates,  the  blue  variety  consisting  chiefly  of  that  of  the  formula 
(C,H,Oj)^Cu.CuO),  and  the  green  of  that  of  the  formula  2(C,H,Oj^Cu.CuO. 

Neutral  solutions  of  acetates  are  coloured  red  by  ferric  chloride  in  conse- 
quence of  the  formation  of  ferric  acetate ;  this  salt  is  uncrystallizable  and  ex- 
tremely soluble.  On  boiling  its  solution,  a  basic  salt  is  precipitated,  the  liquid 
becoming  colourless.  The  basic  ferric  salts  have  been  examined  by  Scheurer- 
Kestner  (see  Watts'  Diet.,  let  Sup.),  who  has  also  prepared  an  interesting  series 
of  mixed  acetonitrates  such  as  the  tetraoetodinitrate,  Pe(C,H,0,)^(NO,)j,  by 
dissolving  ferric  hydrate  in  mixtures  of  acetic  and  nitric  acid  in  various 
proportions. 

Aluminic  acetate  is  of  importance  on  accotint  of  its  employment  in  calico 
printing,  for  which  purpose  it  is  prepared  by  precipitating  a  solution  of  alnm 
with  one  of  plumbic  acetate;  the  liquid  is  thickened  by  gum  or  other  suitable 
material,  and  with  it  the  design  is  impressed  upon  the  cloth.  On  exposure  to 
a  moderate  degree  of  heat,  the  acetate  is  decomposed,  acetic  acid  being  given  off 
and  alumina  remaining  in  a  state  capable  of  entering  into  combination  with  the 
colouring  mattel'.  According  to  Crum  (Jentr.  Chem.  80c.,  vi.  216),  the  normal 
acetate  cannot  be  isolated  from  such  a  solution,  and  its  existence  therein  is  even 
doubtful;  but  if,  for  example,  the  liquid  be  evaporated  at  a  low  temperature  with 
sufficient  rapidity,  by  spreading  it  in  a  thin  layer  over  sheets  of  glass  heated 
to  not  more  than  37^*5  (99'*'5  F-)*  '^  substance  is  obtained  which  is 
readily  dissolved  by  water  consisting  apparently  of  the  hydrated  basic  salt 
A1(0U),(0',U,02)^.  If,  however,  a  solution  containing  about  5  per  cent,  of 
alumina  is  set  aside  at  a  temperature  of  15®— 21°  (59° — 69** '8  P.),  it  begins 
after  four  or  five  days  to  dep<Miit  a  crust,  and  if  the  solution  be  heated  it 
deposits  a  heavy  white  powder ;  these  substances  are  apparently  basic  tetracetates 
like  tfae  preceding,  but  having  different  amounts  of  water  associated  with  them, 
and  they  are  insoluble  in  water.  By  the  continued  action  of  heat  on  a  weak 
solution  of  the  soluble  tetracetate,  this  salt  is  almost  entirely  deoomnosed ;  but 
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the  alumina  remains  in  solution,  and  as  thus  prepared,  it  no  longer  possesses  the 
power  of  acting  as  a  mordant.  Graham  has  shown  that  if  such  a  soJotion  he 
dialysed,  almost  the  whole  of  the  acid  is  removed,  and  a  solution  is  obtained  which 
is  coagulated  by  minute  quantities  of  acids,  of  alkalies  and  of  most  sal1» ;  the 
precipitate,  moreover,  is  insoluble  in  acids. 

(^7^5)  Propionic  or  Propylic  Acid;  methaceiic  add: 
CgH^03=CH3.CH3.COOH.— Originally  this  acid  was  termed 
metacttonic  acid^  having  been  first  obtained  by  Gottlieb  in  1844 
by  oxidation  of  metacetone  (p.  7^i)i  it  may  be  formed  by  the 
general  methods  already  described  from  ethane,  ethylic  alcohol, 
prop V  lie  alcohol  and  propaldehyde^  and  in  many  other  ways 
besides;  for  example,  as  sodic  salt  by  the  direct  combination 
of  carbonic  anhydride  and  sodic  ethide:  COg  +  NaCj^Hg 
=  CgHg.C0ONa  (Wanklyn);  in  minute  quantity  as  potassic  salt 
by  the  combination  of  carbonic  monoxide  with  potassic  ethylate : 
CO  +  CgHg.OKrrCgHjCOOK  (Hagemann,  Deui.  chem.  Ges,  Ber., 
iv.  877.) ;  by  heatiug  ordinary  lactic  acid,  CH8.CH(OH).COOH, 
with  a  concentrated  solution  of  hydriodic  acid;  by  heating 
isosuccinie  acid  to  fusion:  CH8.CH(COOH)j=CH8CH.COOH 
+  COj;  and  as  ethylic  salt  by  heating  ethylic  acetomethacetate, 
CH,.C0.CH(CHs).C00CJi5,  with  sodic  ethylate. 

*It  is  usually  prepared  by  oxidation  of  propylic  alcohol,  or 
from  cyanethane  (comp.  Linnemann,  Ann,  Chem.  Pharm., 
cxlviii.  25 1;  Philippi  and  ToUens,  ibid.,  clxxi.  315;  Beckurt 
and  Otto,  Dtut.  chem.  Ges,  Ber,,  x.  262);  according  to  Freund 
(Jour.  pr.  Chem,  [2J,  v.  446),  it  may  conveniently  be  prepared 
by  the  reduction  of  lactic  acid  with  hydriodic  acid. 

Propionic  acid  closely  resembles  acetic  acid  in  its  properties ; 
it  boils  at  I40°7  (28s°-3  F.),  and  at  19°  {66^-2  F.)  has  the 
sp.  gr.  '9961  (Linnemann).  It  does  not  solidify  when  cooled  to 
— 2  x^  (-5°  8  F.).  It  is  miscible  with  water  in  all  proportions,  and  is 
not  separated  from  the  solution  by  salts ;  the  anhydrous  acid 
absorbs  water  on  exposure  to  moist  air. 

Propiondtes. — The  baric  and  calcic  salts  are  both  soluble  in  less  than  2  pts. 
of  water  at  17®  (62°'6  F.).  Argentic  propionate,  C,H^.COOAg,  crystalliases 
from  water,  according  to  the  concentration  of  the  solution,  either  in  plates  or 
needles,  the  latter  being  occasionally  grouped  in  bundles  which  are  oilen 
extremely  small;  i  pt  dissolves  in  119  pts.  of  water  at  18°  (64^-4  F.). 
Plumbic  propionate  is  easily  soluble  and  amorphous.  If  its  solution  is 
evaporated  to  dryness  with  an  excess  of  plumbic  oxide,  a  'basic  salt, 
3(C,U^.CO,)2.Pb  +  2PbO,  is  produced  which  may  be  extracted  with  cold  water, 
and  on  boiling  and  well  stirring  the  tiltered  liquid,  it  is  again  suddenly  deposited ; 
by  means  of  this  salt  propionic  acid  may  readily  be  distinguished  and  separated 
from  torroic  and  acetic  acids,  which  yield  ba»ic  salts  insoluble  in  cold  water, 
whereas  the  salt  in  question  requires  only  8—10  pts.  of  water  at  I4°(57*''2  F.) 
to  dissolve  it  (Linnemann,  Ann.  Chem,  Pharm.,cU,  2i8j. 
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(1726)  Tetrylic  or  Butyric  Acids:  C^HgOg. — Both  the 
possible  acids  of  the  formula  CjHy.COOH  are  known — viz.,  normal 
(primary)  butyric  or  ethacetic  acid,  CHjj.CHg.CH^.COOH,  andi^o- 
or  secondary  butyric  or  aimethacetic  add,  CH(CH3)3.COOH. 

Normal  butyric  acid  may  be  formed  from  normal  tetrane, 
normal  primary  butylic  alcohol  and  tetraldehyde,  normal  propylic 
alcohol,  and  ethylic  acetoethacetate  by  the  general  methods ;  it 
is  produced  in  small  quantity,  together  with  its  lower  homologues, 
by  oxidation  of  albuminous  substances,  and  from  many  other 
substances  by  oxidation  or  by  the  action  of  fused  potassic  hydrate 
(comp.  Griinzweig,  ibid,,  clxii.  193).  It  is  produced  in  consi- 
derable quantity,  together  with  acetic  and  caproic  acids,  by  fer- 
mentation of  lactic  acid,  and  is  most  readily  prepared  in  this 
way ;  tartaric  acid  and  a  number  of  other  substances  also  furnish 
this  acid  on  fermentation.  It  occurs  in  small  quantity  as  glyceric 
salt  in  butter,  whence  the  name  butyric  acid  ;  in  various  animal 
secretions,  probably  in  the  form  of  sodic  salt ;  and  in  the  free 
state  in  perspiration,  and  the  secretions  of  many  insects.  The 
oils  from  the  fruit  of  various  species  of  Umbelliferte  also  contain 
ethereal  salts  of  butyric  acid :  ethylic  butyrate  being  a  constituent 
of  the  oils  of  Heracleum  giganteum  and  H.  spondyiium,  hexylic 
butyrate  being  also  present  in  the  latter ;  the  oil  from  the  seed's 
of  the  common  parsnep  {Pastinaca  saliva)  consists  chiefly  of 
octylic  butyrate  (comp.  Moslinger,  ibid,,  clxxxv.  26). 

In  the  pure  state  butyric  acid  is  a  colourless  liqnid,  having 
an  odour  similar  to  that  of  acetic  acid,  and  only  exhibits  a  rancid 
odour  when  volatilized  or  diluted ;  it  boils  at  162^*4  (324°'3  P0> 
and  at  14°  (57°'2  F.)  has  the  sp.  gr.  -958 ;  when  cooled  -  it 
solidifies  to  a  mass  of  crystals,  which  melt  at  about  0°  (32°  P.) 
(Linnemann).  It  dissolves  in  water  in  all  proportions,  but  may 
be  separated  by  the  addition  of  soluble  salts;  the  acid  thus 
separated,  however,  retains  a  considerable  quantity  of  water,  and 
probably,  at  least  in  part,,  consists  of  the  hydrate  CjH^.COOH 
-f  OH2=C3H^.C(OH)3.  It  is  oxidized  with  very  considerable 
difficulty,  but  by  heating  it  for  some  time  with  an  excess  of 
chromic  acid  mixture  it  is  completely  converted  into  water, 
acetic  acid  and  carbonic  anhydride  (Griinzweig) ;  by  long-con- 
tinued boiling  with  nitric  acid  (sp.  gr.  1*4)  it  is  oxidized  to  succinic 
acid,  COOH.CH3.CHj.COOH  (Erienmeyer,  Sigel  and  Belli,  ibid., 
clxxx.  207). 

Butyrate^, — Calcic  butiprate,  (CjHy.CO,)jCa  +  OHj,  crystallizes  on  spon- 
taneous evaporation  of  its  aqueous  Holulion  in  rhoinbia  plates  or  broad  (^listening 
needles  grouped  in  bundles;  it  dissolves  in  about  3}  pts.  of  cold  Y^fiyr^^Ii^ 
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much  less  soluble  in  hot  water,  a  cold  saturated  solution  becoming  almost  lolid 
from  separation  of  the  salt  when  heated  in  the  water  bath.  Erlenmeyer  has 
observed  that  when  a  tube  containing  a  cold  saturated  solution  of  this  salt  wan 
heated  perhaps  30  or  40  times  at  intervals  during  a  period  of  about  10  years, 
the  calcic  salt  of  isobutyric  acid  was  produced,  about  -^^  to  -j3^  of  the  normal 
salt  undergoing  this  change;  as  this  was  not  observed  to  take  place  when  a 
solution  was  boiled  for  8  days,  it  appears  probable  that  time  is  of  influenoe 
(ibid.y  clxxi.  126). 

Argenticbuiyraie,  C^Hy.COOAg,  mostly  crystallizes  from  a  hot  saturated  so- 
lution in  bmidles  or  cauliflower-like  groups  of  glistening  plates,  soluble  in  about 
72  pts.  of  bpiling  water  and  in  about  200  pts.  of  water  at  14°  (57 ^'2  F.)  ;  the 
character  of  the  crystals  is  much  influenced  by  the  presence  of  small  quantities 
of  the  salts  of  homologous  acids,  trai-eii  of  acetate  causing  them  to  assume  moss- 
like  forms.  2^ncic  hutyraley  (C,H^.C0,)2Zn  +  2OH,,  forms  flat  roonoclinic 
prisms,  which  effloresce  on  exposure  to  the  air;  it  dissolves  in  about  10  pts  of 
cold  water ;  on  evaporating  its  aqueous  solution  a  basic  salt  separates.  Many 
of  the  butyrates  and  acetates  crystallize  together,  forming  double  salts. 

hobutyric  acid  occurs  together  with  formic,  acetic,  propionic 
and  benzoic  acids  in  the  banana,  the  fruit  of  Ceratonia  siiiqua 
(Griinzweig)  ;  it  may  be  profiuced  by  oxidation  of  isobutylic 
alcohol  and  isobutyric  aldehyde,  from  isopropylic  alcohol,  by  con- 
verting it  into  the  cyanide,  &c.,  and  by  heating  ethylic  acetodi- 
methacetate,  CH3.CO.C{CH3)2.COOC2H5,  with  sodic  ethylate. 
It  exactly  resembles  the  normal  acid  in  odour,  but  boils  at  154^ 
(309°'^  P.),  and  at  20°  (68°  F.)  has  the  sp.  gr.  '9503 ;  it  is  soluble 
in  five  times  its  weight  of  water  at  ao°  (68°  F.).  Isobutyric  acid 
is  much  more  readily  oxidized  by  chromic  acid  mixture  than 
butyric  acid,  but  furnishes  the  same  products  (Gl*iiuzwcig). 

Igobuiyraies, — Cafcie  isohutyrate,  (C,Hy.COj),Ca  +  5OHJ,  crystallizes  in 
monoclinic  prisms,  and  is  dihtinguished  from  the  isomeric  salt  by  being  much 
more  soluble  in  hot  than  in  cold  water.  ■  Argentic  isohutyrate,  C  H^COOAg, 
forms  transparent  plates,  and  requires  only  no  pts.  of  water  at  16  (6o°*8  F.) 
for  its  solution.  Zincic  isobuiyrate,  (C^H^  COJ^Zn  +  OH^,  is  rapidly  decom- 
posed by  boiling  its  aqueous  solution  with  separation  of  a  basic  salt. 

(1727)  Pentylic  or  Valeric  Acids:  CgHj^Og. — The  four 
possible  isomeric  pentylic  acids  have  all  been  obtained.  Normal 
primary  valeric  acid,  or  propacetic  add:  CHj.CHg.CHg.CHj.COOH, 
was  first  obtained  by  Lieben  and  Rossi  [ibid,,  clix.  58)  from 
butylic  cyanide  from  normal  butylic  alcohol;  it  has  also  been 
obtained  by  oxidation  of  normal  primary  amylic  alcohol  irom 
normal  pentane  and  of  methylamylketone  (Schorl emmer),  and  by 
oxidation  of  a-oxycaproic  acid  (Erlenmeyer,  Deut.  chem.  Ges.  Ber., 
ix.  1839).  In  odour  it  more  closely  resembles  butyric  acid  than 
ordinary  valeric  acidj  it  boils  at  184° — 185®  (363®*  2^ — 3^5^  F.) 
under  a  pressure  of  736  mm.  of  mercury,  and  at  0°  (32°  F.)  has 
the  sp.  gr.   '957.     It   does  not   solidify  when    cooled   to  —16^ 
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(3^*2  F.).  It  requires  about  twenty-seyen  times  its  yolume  of 
water  for  its  solution^  and  itself  dissolves  about  i-iotb  its  volume 
of  water,  but  may  be  dehydrated  by  distillation. 

Valerate*. — Calcic  valerate,  (C^H^.CO,),Ca  +  OH,,  forms  glLitening  ucales, 
and  like  calcic  butyrate  is  more  Bolable  in  cold  than  in  hot  water,  the  point  of  leant- 
solubility  being  about  70°  (158^  ^0;  although  the  orystale  which  separate 
on  cooling  a  boiling  saturated  solution,  or  heating  a  cold  saturated  solution,  to 
tliis  temperature  are  in  great  part  redissolved  as  the  solution  is  further  oooled  or 
lieated,  there  is  always  a  certain  residue,  and  it  would  appear  probable  therefore 
that  a  basic  salt  is  produced.  Baric  valerate  crystallizes  in  small  anhydrous 
plates,  soluble  in  six  times  their  weight  of  water  at  10°  (50^  F.),  and  more 
soluble  in  hot  water. 

Isoprimary  valeric  or  isopropacetic  acid  ;  ordinary  valeric  or 
valerianic  acid:  CH(CH3)g.CHg.C00H. — This  acid  occurs  in 
valerian  and  angelica  root,  and  in  the  berries  and  bark  of  the 
guelder  rose  ( Viburnum  opulis) ;  it  is  a  product  of  the  decay  of 
albuminous  substances.  It  may  be  formed  by  oxidation  of  the 
optically  inactive  isoprimary  amylic  alcohol  contained  in  fusel 
oil,  and  from  isobutylic  alcohol  by  conversion  into  isobutylic 
cyanide,  &c.  (Erlenmeyer  and  Hell,  Ann,  Chem.  Pharm.,  clx.  257), 
also  from  ethylic  acetoisopropacetate,  CH3.CO.CH(C3Hy)^.COOH  ; 
and  on  oxidation  of  leucin  or  amidocaproic  acid  (q.  v.).  Isoprop- 
acetic acid  is  a  thin  oily  liquid,  of  peculiar  unpleasant  odour 
like  that  of  decayed  cheese,-  it  boils  at  about  175°  {347°  P.),  aud 
at  o®  (32°  F.)  has  the  sp.  gr.  '947.  It  is  slightly  more  soluble  in 
water  than  propacetic  acid,  which  cannot  be  completely  dehy- 
drated by  distillation ;  when  boiled  with  chromic  acid  mixture,  it 
is  oxidized  to  acetic  acid,  carbonic  anhydride  and  water. 

Isovaleratee, — Argentic  isopropacetate,  C^H^.COOAg,  crystallizes  from  solu- 
tions containing  free  acid,  especially  acetic  acid,  in  large  glistening  plates,  which 
dissolve  in  540  pts.  of  water  at  20**  (68**  P.)  The  baric  salt,  (C^H,CO,),Ba. 
crystallizes  readily  either  in  thin  narrow  triclinic  prisms  or  larger  broader 
plates;  it  dissolves  in  about  its  own  weight  of  water  at  22°  {'ji**'6  F.). 

Secondary  valeric  or  methethacetic  acid ;  optically  active  valeric 
acid:  CH3.CH(CgH5).COOH.— This  modification  is  formed  by 
oxidation  of  the  optically  active  amylic  alcohol  contained  in  fusel 
oil  (comp.  1438);  according  to  Erlenmeyer  and  Hell,  it  is  also 
present  in  the  acid  from  valerian  root,  and  is  produced  together 
with  the  isoprimary  acid  by  oxidation  of  amidocaproic  acid  or 
leucin.  It  has  been  obtained  in  a  pure  state  by  Saur  from 
ethylic  acetomethethacetate,  CH3.CQ.C(CH3)(C3H5).COOCgH5,  by 
distillation  with  sodic  ethylate  and  saponification  of  the  resulting 
ethylic  salt  {Ann,  Chem,  Pharm,,  clxxxviii.  257).     The  acid  thuj* 
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prepared  is  a  thin  liquid  of  less  unpleasant  odour  than  ordinary 
valeric  acid,  boiling  at  173®  (343°*4  F-)  J  it  ^^^  ^ot  mix  in  all 
proportions  with  water,  but  is  dehydrated  with  difiBculty.  The 
acid  formed  by  synthesis  appears  to  differ  from  that  obtained  in 
other  ways,  by  being  optically  inactive,  but  this  is  the  only  dis- 
tinction. It  has  not  been  ascertained  whether  the  synthetic  acid 
is  optically  active ;  the  most  active  specimen  as  yet  prepared  by 
oxidation  of  amylic  alcohol  had  the  rotatory  power  {a)„=  +6i°*2 
(Ley).  According  to  Erlenmeyer  and  Hill,  the  active  acid  be- 
comes inactive  on  heating  with  a  small  quantity  of  sulphuric  acid 
at  250**  (482°  F.),  but  is  otherwise  unaltered  in  its  properties. 

Methethaeetaies. — Argentic  methethacetate  crjRtallizes  from  hot  water  ia 
needles  grouped  in  feather-like  forms,  almost  insoluble  in  cold  water,  but  it» 
most  characteristic  salt  is  that  of  barium,  which  cannot,  be  crystallized,  but 
remains  as  a  gummy  mass  on  evaporation  of  its  solutions. 

Tertiary  valeric  or  trimethacetic  acid:  C(CH3)3.COOH. — This 
acid  was  first  prepared  by  Butlerow  by  displacing  the  OH  group 
in  trimethylcarbinol,  C(CH,)3.0H,  by  COOH  {ibid.,  clxv.  322  ; 
cUx.  151 ;  clxxiv.  355) ;  it  has  also  been  obtained  by  oxidation  of 
methyl  tertiary-butyl  ketone  or  pinacolin  (1676),  and  of  the 
homologous  ethyl  tertiary-butyl  ketone  (Wischnegradsky,  ibid., 
clxxviii.  103),  and  by  oxidation  of  the  tertiary  octylcarbinol, 
C(CH3)3.CH3.C(CHj)2.0H  (Butlerow,  ibid.,  clxxxix.  44.) 

To  prepare  it,  a  mixture  of  100  pts.  of  the  iodotrimethylmethane,  CI(CH,)^ 
obtained  by  the  action  of  hydriodic  acid  on  trimethylcarbinol,  or  by  combiniii]^ 
/3-dimethylethylene  (isobutylene)  with  hydriodic  acid,  no  pts.  of  mercuric 
potassic  cyanide,  HgE,(CN)^,  and  75  pts.  of  dry  talc  powder,  is  placed  in  a 
vessel  surrounded  by  water  the  temperature  of  which  is  not  allowed  to  rise 
above  5°  (41^  F-) ;  by  this  means,  the  formation  of  isobutylene  is  almost  entirely 
avoided,  but  a  considerable  quantity  of  a  resinous  substance  is  always  produotni. 
After  two  or  three  days,  when  the  action,  is  complete,  water  is  added  and  the 
pix)duct  distilled  off  from  the  oil  bath,  and  the  oily  di:itillate  is  mixed  with 
about  an  equal  volume  of  fuming  hydrochloric  acid,  and  heated  in  closed  tubes  lor 
several  hours  at  100^  (212^  F.);  the  contents  of  the  tubes  is  then  mixed  with 
water,  and  the  oil  separated  from  the  aqueous  solution,  the  small  amount  of  acid 
remaining  in  solution  being  .recovered  by  distilling  the  liquid  and  saturating  the 
distillate  with  sodio  sulphate.  The  crude  acid  is  treated  with  a  solution  of  sodb 
hydrate,  the  solution  separated  from  undissolved  oil,  evaporated  to  dr)'ne8s,  the 
residue  dissolved  in  a  small  quantity  of  water,  and  decomposed  with  sulphuric 
acid  diluted  with  twice  its  weight  of  water ;  the  acid  thus  obtained  is  further 
purified  by  conversion  into  the  magnesic  or  zincio  salt,  and  finally  is  dehydrated 
by  means  oi  phosphoric  anhydride.  This  process,  however,  furnishes  only  about 
one-fourth  the  theoretical  amount. 

Trimethacetic  acid  is  solid  at  ordinary  temperatures :  the 
crystallized  acid  forms  angular  lamellae  consisting  of  small 
needles  ranged  at  right  angles  from  a  common  axis ;  it  is  semi- 
transparent,   but    when    cooled   below   cP  {^2°  F.)   it    becomes 
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opaque^  being  converted  into  a  mass  of  silky  needles  radiating 
from  a  common  centre.  Both  forms  belong  to  the  regular 
system.  It  melts  at  35°'4  (95^7  P.),  and  boils  at  i63®'8 
(326°*9  P.).  The  fused  acid  is  a  colourless  oil,  of  the  sp.  gr.  '905 
at  50^  (122  P.),  soluble  in  about  40  times  its  weight  of  water. 

IHmethacetates, — ^Trimethaoetio  add  ftumisheif  a  number  of  highly  cbarao- 
teristie  salts,  mont  of  which,  although  soluble  in  water,  are  with  difficulty  wetted 
by  it ;  most  of  them  readily  loae  acid  when  boiled  with  water.  On  adding  a 
concentrated  solution  of  potassio  hydrate  or  carbonate  to  the  add,  the  ujixture 
becomes  solid  at  a  certain  point,  but  the  crystals  dissolve  on  warming,  and  as  the 
solution  coob,  fine  long  needles,  grouped  in  stars,  separate  out,  consisting  of  the 
acid  potassio  salt,  C,H,KO,  +  2C,Hj^0,— (PC^H,.C(OK)(C^H,.COO) J.  Baric 
trimetkaeetate  (C,H,.CO,)gBa  +  5OH,.  and  calcic  trimethacetatc,  (C^H,.CO,),Ca 
+  5OH,,  orystidlize  in  needles  or  prisms ;  the  former  is  very  soluble  in  water ; 
the  latter  moderately  so.  Magnesic  trimethacetate,  (C^H,.COJ,Mg  +  80H,, 
forms  large  thin  transparent  plates.  Zincic  trimethacetate,  (C^H,.C02),Zn  + 
OHg,  crystallizes  in  large  glistening  scales,  difficultly  soluble  in  wuLer;  on 
warming  a  cold  saturated  solution,  it  gelatinizes,  owing  to  the  separation  of  a 
basic  salt,  C^H^.OO^(Zn.OH),  which  redissolves  entirely  as  the  solution  cools, 
if  none  of  the  acid  has  been  allowed  to  escape.  Argentic  trimethacetate, 
C^H^.COOAg,  is  obtained  as  a  very  voluminous  precipitate  on  the  additiou  of 
argentic  nitrate  to  moderately  concentrated  solutions  of  other  trimethacetates ;  it  is 
difficultly  soluble  in  water,  more  soluble  in  alcohol,  and  separates  from  the 
former  in  crystals  resembling  those  of  argentic  acetate,  when  the  solution  is 
allowed  to  evaporate  spontaneously.  A  number  of  other  trimethacetates  have 
been  described  by  Butlerow. 

(1728)  Hexylic  or  Caproic  Acids:  C^HjjOg. — Of  the  eight 
possible  forms  of  this  acid  five  are  at  present  known. 

Normal  {primary)  ffex;jflic  or  Caproic  Acid;  Normal  TeirylaceticAcid: 
CH,.CH,.CH,.CHg.CHyCOOH,  has  been  obtwned  from  normal  primary  amylio 
alcohol  by  displacing  the  OH  group  by  COOH  in  the  usual  manner  (Liebeu  and 
Rossi),  and  by  oxidation  of  normal  primary  hexylic  alcohol  (Franchimont  and 
Zincke) ;  it  occurs  in  small  quantity  as  octylic  salt  in  the  oils  of  Seracleum 
sphondylium  and  Pastinaca  sativa.  The  caproic  acid  present  in  the  free 
state  in  perspiration,  as  glyceric  salt  in  butter,  cocoa-nut  oil  (in  considerable 
amount),  and  other  fatty  substances,  and  which  is  obtained  by  oxidation  of  albu- 
minous bodies  and  fats,  is  probably  the  normal  acid.  It  is  formed  together  with 
acetic  and  butyric  acids  by  fermentation  of  lactic  acid,  and  is  most  readily  pre- 
pared in  this  manner,  being  separated  from  these  acids  by  fractional  distiUation 
and  washing  with  water,  in  which  it  is  only  slightly  soluble. 

Normal  caproic  acid  is  a  colourless  mobile  oil,  of  pnngent,  unpleasant  odour, 
boiling  at  about  205®  (401**  P.);  of  the  sp.  gr.  -945  at  'o'*  (32**  F.);  when 
strongly  cooled  it  solidifies  to  a  white  oryslUBdline  mass,  melting  at  about  —  2^ 
(38^*4  F.)  It  forms  a  crystalline  compound  with  caldo  chloride,  a  property 
which  it  apparently  shares  with  its  lower  homologues  (Lieben  and  Janeck)  By 
oxidation  with  nitric  add  it  ia  resolved  into  succinic  and  acetic  acids  (Erlen- 
meyer,  Sigel  and  Belli)  : 

CH,.CH,.CH,.CH^CH,.(XX)H  +   5(0   +   OH.)   = 

CH,COOH    +  C0OH.CH,.CH,.C00H   4-  6011,. 

Caproates,^  Calcic  caproate,  (C^Hj^COJ^Ca  +  OH,,  forms  long  yeir  thin 

3  8   H  Digitized  by  Google 


884  ACIDS  OF  THE  ACETIC  SERIES.  [<7^9- 

glistening prismatic  plates;  lOO  pts.  of  a  solution  saturated  at  18^*5  (65*3  F.) 
contain  2-7  pts.  of  the  anhydroos  salt,  and  it  is  only  slightly  more  soluble  in 
hot  wat«r.  Baric  caproate  forms  indistinct  crystals,  which  apparexiUj  axe 
sometimes  anhydrous,  and  sometimes  contain  water  of  ci7stalIiz8tion ;  its  solu- 
bility is  variously  stated  at  8 — 12  pts.  of  anhydrous  salt  in  100  pta.  of  the 
solution  saturated  at  about  20^  (68^  F.)  (oomp.  Lieben  and  Janeck,  ibid,, 
clxxxvii.  1 26  ;  Erlenmeyer,  ibid.t  clxxx.  2 1 5). 

Isoprimary  Hexylic  or  Cajproic  Acid}  Isoprimary  TetrylcLceUc  Add: 
(CH,)gCH.CH,.CH,.COOH,  has  been  obtained  by  saponification  of  ethylic 
acetoisotetrylacetate  (Rohn,  ibid.,  cxc.  316);  by  displacing  the  OH  group  in 
the  inactive  amylic  alcohol  of  fusel  oil  by  COOH  (Lieben  and  Bot»i)»  and 
a^  sodic  salt  by  the  combination  of  carbonic  anhydride  with  the  compound 
NaC^Hj^  prepared  from  this  alcohol  (Wanklyn  and  Schenck),  but  the  acid  thus 
obtained  is  impure ;  and  by  heating  pyroterebic  acid  with  hydriodic  acid 
(Mielck,  ihid.,  clxxx.  57).  It  is  a  colourless  oil  of  unpleasant  odour;  boiling 
at  about  199**  (390*2  P.),  of  the  sp.  gr.  -931  at  o**  (32**  F.) ;  it  docs  not 
solidify  when  cooled  to  —  18**  (0*4°  F.). 

Isocaproaies. — According  to  Rohn,  the  calcic  and  baric  salt  both  crystallize 
in  anhydrous  needles  grouped  in  bundlen,  whereas  Lieben  and  Hofssi  and 
Mielck  state  that  the  calcic  salt  contains  3  mols.  of  water,  and  the  baric  salt 
one  or  two ;  the  statements  as  to  the  solubility  of  these  salts  are  also  Teiy 
discrepant. 

Secondary  Eexylic  Acid,— Diet kacetic  acid:  (C,Hj),CH.COOH,  obtMned 
by  saponification  of  ethylic  acetodiethaceUte,  CH,.CO.C(C,Hj,.COOCjH,,  or  by 
dry  distillation  of  the  diethoxybutyric  acid,  CH,.CH(OH).C(C,HJ,.COOH,  is  an 
oil  of  peculiar  odour  quite  different  from  that  of  the  normal  acid.  The  silver  «ait 
crystallizes  in  silky  asbestos-like  needles  united  in  forms  resembling  fern  fronds: 
it  is  as  soluble  as  argentic  acetate,  and  rapidly  blackens  on  exposure  to  li^ht, 
whereas  the  salt  of  the  normal  acid  is  scarcely  affected  by  light.  The  barie 
salt  also  crystallizes  well  (Frankland  and  Duppa;  Schnapp,  Dent,  ckem.  Get. 
Ber,,  X.,  1953). 

Tertiary  Hexylic  Actd,—Dimethethacetic  Add:  (CII,),C(C,HJ.CXX>H, 
is  prepared  from  dimethylethjlcarbinol  in  precisely  the  same  way  that 
tertiary  valeric  acid  is  from  trimethylcarbinol.  The  isocaproic  acid  obtained 
by  Markownikoff  {^2^ts.  Chem.  [2],  ii.  502)  from  amylene  was  probably  this 
acid  in  an  impure  state.  Dimethacetic  acid  is  a  colourless  liquid  insoluble  in 
water,  havin^r  a  slight  odour  like  that  of  the  other  acids  of  the  series,  boiling  at 
1 87"  (368^*  6  F.) ;  it  solidifies  at  low  temperatures,  and  melts  at  -  i4'*(6**-8  F.). 
The  baric  salt,  (C,Hjj.CO,),Ba  +  5OH,,  crystallizes  in  large  transparent  plates, 
easily  soluble  in  water.  The  zindc  salt,  (C^Hjj.CO,),Zn,  crj'stallizes  in  trans- 
parent prisms,  and  behaves  like  that  of  trimethacetic  acid  on  heating  its  cold 
saturated  solution.  The  silver  salt  crystallizes  from  a  hot  saturated  solution  in 
line  silky  needles,  quite  different  from  the  trimeth acetate.  The  magnesic  salt 
is  extremely  soluble  and  does  not  crystallize  (Wischnegradsky,  Ann,  Ckem, 
Pharm.,  clxxiv.  56). 

(1729)  Heptylic  or  (Enanthylic  Acid:  C^Hj^Og. — Only  one 
of  the  large  number  (ij)  of  possible  heptylic  acids  has  been 
investigated. 

Normal  (primary)  Heptylic  or  (Enanthylic  Acid:  CII,.(CH,)j.COOTT, is 
obtained  by  oxidation  of  normal  heptylic  alcohol  and  of  normal  heptylic  aide- 
liyde  (oenanthol),  and  by  displacing  the  OH  gronp  in  normal  hexylic  alcohol  by 
< -OOH ;  it  is  also  formed  on  oxidation  of  castor  oil  and  oleic  acid:  it  is  most  readily 
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prepared  by  oxidation  of  oenanthaldehyde  (comp.  Grimshaw  and  Schorlemmer, 
Jour,  Ckem,  Soc,  xxvi.  1073).  It  is  a  limpid  oily  liquid,  boiling  at  223® — 224^ 
(433**"4 — 435*''2  P.),  of  the  sp.  gr.  -9345  at  o''  (32®  F.).  When  cooled  it  solidi- 
fies in  the  form  of  plates  or  large  broad  needles,  melting  at  —  10^*5  (i3°'i  F.). 

Heptyl(Ue9, — The  harir.  salt  crystallizes  from  a  hot  concentrated  solution  in 
small  very  thin  anhydrous  plates;  100  pts.  of  a  solution  saturated  at  1 2°  (53^6  F.) 
contain  17  pts.  of  the  salt.  Calcic  heptylate,  (C,Hj,.COj),Ca  +  OH,,  forms 
very  thin  flat  needles,  soluble  in  about  100  pts.  of  cold  water.  Argentic 
heptylate  crystallizes  in  small  woolly  needles,  sparingly  soluble  in  hot  water.  A 
number  of  other  salts  have  been  described  by  Grimshaw  and  Schorlemmer. 

By  the  action  of  sodium  on  ethylic  acetate,  and  then  of  the  iodide  from 
fermentation  amy  lie  alcohol  on  the  product,  Frankland  and  Dnppa  obtauied  an 
isopentyl  (amyl)  acetic  acid,  but  its  properties  have  not  been  described. 

Schneider  has  described  (^Ann,  Chem,  Pharm,,  cWii.  206)  under  the  name 
of  ajnethenic  acid  an  acid  of  the  formula  C^H^^O,,  obtained  by  oxidation  of 
diamylene  (1237);  it  exhibits  bnt  feeble  acid  properties,  and  furnishes  ill- 
characterized  salts.  Butlerow  has  suggested  (ibicL,  clxxiii.  375)  that  it  is  the 
tertiary  heptylic  acid,  dimeihisopropacetic  acid,  (CH,),CH.C(CHJ,.COOH.* 

(1730)  OcTYLic  or  Capeylic  Acids:  Cfi^fi^. — Only  two  of  these  acids 
are  known.  Normal  {primary)  oetylic  acid,  CH,.(CH2)^.C00H,  is  obtained 
by  oxidation  of  normal  primary  octylic  alcohol;  it  occurs  as  glyceric  salt 
in  cocoa-nut  oil,  butter,  and  other  vegetable  fats,  and  is  a  product  of  the 
oxidation  of  oleic  acid  and  other  fatty  substances.  It  is  best  prepared  by 
saponification  of  cocoa-nut  oiL  Octylic  acid  crystallizes  in  needles  or  plates, 
melting  at  lO'^'S  (6i''7  F.);  it  boils  at  about  236''  (456**-8  F.).  It  possesses 
a  faint  unpleasant  odour,  and  sharp  rancid  ta^^te ;  it  is  difficultly  soluble  even 
in  hot  water,  from  which  it  crystallizes  in  plates  easily  soluble  in  alcohol  and 
benzene. 

Baric  octylate  crystallizes  in  anhydrous  plates ;  it  dissolves  only  to  the 
extent  of  6  pts.  in  joo  pts.  of  water  at  20®  (68"  F.). 

Calcic  octylate,  (CyHj,.CO,),Ca  +  OH,,  crystallizes  in  long  tbin  needles, 
less  soluble  in  water  than  the  baric  salt.  Zincic  octylate  forms  anhydrous 
plates,  melting  at  136^  (2j6°'S  F.).  A  number  of  other  saltA  have  been  pre- 
pared, those  containing  heavy  metals  all  have  definite  melting  points,  and 
although  almost  insoluble  in  water,  like  the  preceding  they  are  more  or  less 
soluble  in  alcohol  (Ziucke,  Ann.  Chem,  Pharm»,  cliL  i ;  Renesse,  ibid.,  clxxi.  380). 

The  only  other  octylic  acid  known  is  the  isosecondary  acid  of  the  formula 
C(CH,),.CH,.CH(CH,).COOH,  obtained  by  oxidation  of  diisobutylene  and  of 
the  carbinol  diisobutol  £ormed  from  this  olefincf     It  is  an  oily  liquid,  similar  in 

*  The  amylene  obtained  by  the  action  of  zincic  chloride  on  fermentation 
amylic  alcohpl,  according  to  the  latest  researches  (Deut  chem.  Gee.  Ber.,  ix.  1028 ; 
X.  81,  230,  404,  1904^  appears  to  be  a  mixture  of  no  less  than  four  isomerides, 
viz.,  of  CH,.CHz:C(CH,X,  C,H,.C(CH,)li:CH,,  (CH,),CH.CHzzCH,  and 
CjHj.CHzzCH.CH,  or  C,Hj.CHzzCHj,  and  doubtless  therefore  diamylene  is  also 
a  mixture  ;  if,  as  is  probable,  it  chiefly  consists  of  a-diisopropyldiniethylethylene, 
the  formation  of  an  acid  of  the  kind  suggested  by  Butlerow  involves  the  occurrence 
of  isomeric  change.    It  appears  possible  that  the  oleflne  may  be  first  converted  into 

the  oxide  p*ttJV'/citt*^  \  ^'  ^^icl^  undergoing  isomeric  change  is    converted 

into  the  ketone VHJgC(C,H5.)C0.C,H?,  and  that  the  acid  is  formed  by  oxida- 
tion of  this  ketone. 

t  Diisobutylene  is  obtained  either  by  heating  trimethylcarbinol  with  dilute 
sulphuric  acid,  or  a  solution  of  isobutylene  in  the  dilute  acid,  at  'ooV(^L2^£jL 
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odour  to  trimethacetic  acid ;  it  boils  irregalarly  at  205® — a  1 8°  (401* — A^^^A  ^')* 
and  appareutlj  decomposes  partially  on  distillation.  Its  silver  salt  crystallizes  in 
g^oaps  of  smidl  opaque  needles ;  its  cadmic  salt  is  only  slightly  soluble  in  water 
(Butlerow,  ibid.,  dxxxiz.  70). 

( 1 7 3 1 )  NoN YLic  Acids  :  C^Hj^O,.  —Two  nonylic  acids  are  known.  Normal 
primary  nonylic  acid,  CH,.(CH,)y.COOH,  is  formed  by  displacing  the  OH 
group  in  norxnal  primary  octylic  alcohol  by  COOH,  and  by  oxidation  of  methyl- 
nonylketone,  the  chief  constituent  of  oil  of  rue ;  it  would  appear  probable  also 
tliat  the  nonylic  acid  obtained  by  Redtenbanher  by  oxidizing  oleic  acid  with 
nitric  acid  is  the  normal  acid.  The  leaves  of  the  geranium  {Pelargonium 
roseum)  are  supposed  to  contain  an  acid  of  the  formula  C^H,,0, ;  and  hence  it 
has  reopived  the  name  pelargonic  acid.  Pure  nonylic  acid  is  crystalline,  melting 
at  about  la'^'S  (S4**S  F.);  it  boils  at  about  254**  (489*'2  F.). 

Baric  nonylate  forms  silky  anhydrous  plates,  very  difficultly  soluble  in  cold 
water.  Calcic  nonylaie  is  also  anhydrous,  and  crystallizes  from  alcohol  in 
thin  silky  plates.  The  cadmic  and  cupric  salts  may  be  crystallized  from 
alcohol  and  exhibit  constant  melting  points  (Zincke  and  Franchimont,  ibid., 
clxiv.  333). 

Itoprimary  nonylic  acid  or  methhexacetic  acid,  C,H,,.CH(CHj.COOH, 
is  obtained  from  methylhexyloarbinol  (from  castor  oil)  by  displacing  the  OH 
group  by  COOH.  It  is  a  colourless  oil,  insoluble  in  water,  which  remain*  liquid 
at -II*  (^i2**-2  F.),  and  boils  at  about  245*"  (473*'  F.).  lU  calcic  salt 
(C,Hjy.COJ,Ca  +  OH,,  is  almost  insoluble  in  water,  but  oiystallizes  from  alcohol 
in  fine  needles  (Eullhem,  ibid.,  clxziiL  319). 

(1732)  Higher  Homolooues  of  Acetic  Acid. — ^A  number  of 
higher  terms  of  the  series  have  been  obtained,  mostly  from 
natural  fatty  substances^  in  which  they  occur  as  glycerides^  no 
term  having  more  than  a  single  representative^  however.  It 
appears  probable  that  those  containing  10  atoms  of  carbon  and 
upwards  are  all  normal  acids^  as  they  furnish  lower  normal 
acids  of  the  series  on  oxidation^  but  there  is  no  other  evidence 
as  to  their  constitution^  and  it  is  even  doubtful  whether  several 
of  them  have  been  obtained  in  a  pure  state.  They  are  crystal- 
line^ faintly  acid  bodies^  insoluble  in  water,  but  soluble  in  alcohol 
and  ether;  their  alkali*metal  salts  are  readily  soluble  in  water, 
but  either  do  not  crystallize,  or  crystallize  with   difficulty,  and 


for  several  hours;  its  formation  may  be  supposed  to  be  the  result  of  the  action 
upon  each  other  of  two  mols.  of  hydric  tertiary-butylic  sulphate,  thus: 
(CH,).C.SO,H  +  (CH,),C.SO,H  =  (CH,),C.CH— C(CH,),  +  .H.SO,.  It  is  a 
colourless  mobile  liquid,  of  the  sp.  gr.  734  at  o"*  (32**  F.);  it  boils  at  I02°'5 
(a  1 6^*5  P.).  By  combining  it  with  hydriodic  acid,  and  decomposing  the  resulting 
iodide  with  argentic  hydrate,  the  alcohol  (diisobutol)  (CH,),C.CH,.C(CH,),.OH. 
is  produced;  it  is  a  colourless  liquid  of  camphorous  odour,  boiling  at  about 
147°  (296^*6  F.).  Both  the  define  and  the  alcohol  funiish  the  same  products 
on  oxidation;  apparently  they  are  in  the  first  instance  chiefly  resolved  into 
trimetliaoetio  acid  and  dimethylketone,  but  the  latter  is  at  once  further 
oxidized ;  the  above-mentioned  octylic  acid  and  the  ketone  (CH,),C.CH,.CO.CH, 
are  also  obtained  in  small  quantity,  being  probably  formed  somewhat  in  the  1 


manner  that  isobutyric  acid  is  on  oxidation  of  trimethylcarbinol^oanm^pp44o). 
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are  mostly  partially  decomposed  by  water^  dissolving  in  a  small 
quantity  of  water  to  form  a  clear  solution,  but  in  a  large 
quantity  of  water  to  form  a  turbid  alkaline  solution,  which 
lathers  when  shaken :  octylic  and  nonylic  acids  in  this  respect 
resemble  their  higher  homologues.  The  salts  of  other  metals 
are  mostly  either  very  diflBcultly  soluble  or  insoluble  in  water, 
but  are  generally  more  or  less  soluble  in  alcohol.* 

In  the  following  paragraphs  only  a  very  brief  account  of  the 
remaining  higher  homologues  of  acetic  acid  will  be  given.  For 
full  details  of  the  manner  of  preparing  them  and  an  account  of 
their  properties,  the  student  is  referred  to  Watts'  Dictionary  and 
to  the  original  memoirs,  especially  to  those  of  Heintz  on  the 
various  animal  fats  {Ann,  Chem.  Pharm.,  Ixxxiv.  2gy  ;  Ixxxviii. 
295,  300;  xcii.  290;  xcvii.  271);  and  to  Brodie  on  wax  {P/uL 
Trans.^  1848,  147 ;  1849,  91). 

(1733)  I>BcrLicor  Capbic  Acid;  Butte  Jc»rf ;  C^.H^O,  =  C,H^,.COOH, 
occurs  as  glyceric  salt  in  small  quantity  in  butter  and  in  coooa-nut  oil,  and  is 
formed  together  with  several  of  the  homologous  acids  of  the  Keries  on  oxida- 
tion of  oleic  acid  by  nitric  aoid.  According  to  Bowney,  it  may  be  obtained  in 
considerable  quantity  from  the  fusel  oil  of  the  Scotch  whisky  distilleries,  and 
according  to  Fischer  and  Grimm  it  is  also  contained  in  wine  fusel  oil ;  appa- 
rently it  is  present  in  these  oils  as  ethylio  and  amylic  salts,  associated  with  a 
relatively  small  quantity  of  the  corresponding  oaprylates  (^fift.  Ckem.  Pharm,^ 
Ixxix.  236 ;  cxviii.  312  ;  clvii.  264).  Capric  attid  has  a  faint  goat-like  odour  ; 
it  is  only  slightly  soluble  in  water,  but  readily  dissolves  in  alcohol  and  ether, 
from  which  it  crystallizes  in  brilliant  plates,  melting  at  30*^  (86^  F.) ;  it  boils 

*  Most  natural  products  which  furnish  higher  acids  of  the  acetic  series  fnr- 
nish  a  mixture  of  these  acids ;  in  separating  them,  advantage  is  taken  of  the 
diminution  in  solubility  of  the  salts  which  takes  place  as  the  molecular  weight 
increases.  Usually  the  mixture  is  dissolved  in  alcohol,  and  an  alcoholic  solution 
of  magnesic  or  plumbic  acetate  is  added  so  as  to  fractionally  precipitate  the 
acids;  the  earlier  precipitates  thus  obtained  consist  chiefly  of  the  acids  of  higher 
molecular  weight,  and  the  later  precipitates  of  those  of  lower  molecular  weight, 
and  by  similarly  treating  the  mixtures  of  acids  separated  from  the  various  pre- 
cipitates, and  repeating  these  processes  a  sufficient  number  of  times,  the  con- 
stituents of  the  mixture  may  eventually  be  isolated,  although  at  a  great  expense 
of  time,  labour,  and  material.  The  lower  terms  of  the  series  may  be  separated 
in  a  similar  manner  by  means  of  the  silver  salts,  but  a  more  satis&otory 
method  is  to  neutralize  the  mixture  and  to  add  sufficient  sulphuric  or  hydro* 
obloric  acid  to  liberate  only  a  portion  of  the  organic  acid,  which  is  then  distilled 
off,  a  fresh  portion  of  aoid  added,  and  the  liberated  organic  acid  distilled  off,  and 
so  on.  The  acids  of  higher  molecular  weight  being  the  weaker  are  first  liberated, 
and  by  properly  adjusting  the  amount  of  acid  added,  and,  if  necessary,  neutraliz- 
ing the  distillates  and  treating  them  in  a  similar  manner,  the  presence  of  several 
volatile  fatty  acids  in  a  mixture  may,  without  great  difficulty,  be  established. 
From  a  mixture  of  volatile  acids,  that  of  highest  molecular  weight  passes  over 
first  on  distillation,  and  this  property  also  aifords  a  means  of  separating  the 
homologous  adds  (oomp.  Fitz,  Deut.  ekem.  Get,  Ber.j  xL,  44.)  r^r^r^n]o 
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at  268**— 270°  (5i4**-4--Si8**  F.)  with  but  little  alteration  (Grimm).  Baric 
caprate  cryataHizea  in  brilliant  anhydrous  plates,  difficultly  sohible  even  in 
boiling  water.  The  calcic  salt  yields  the  corresponding  ketone  (C^'H^)/20, 
when  submitted  to  dry  distillation  (Grimm). 

(1734)  Latric  Acid:  C„H^0,  =  C„Hj,,COOH,  occurs  as  glyceric  aalt  in 
the  fat  from  the  berries  of  the  bay-tree  (  Laurus  nobilis)  and  from  pichurim  besu» ; 
it  has  also  been  obtained  in  small  quantity  from  cocoa-nut  oil,  spermaceti,  aod  a 
number  of  other  fatty  substances.  It  is  insoluble  in  water,  but  crystallizes  from 
alcohol  or  ether  in  white  silky  needles  melting  at  43^*6  (iio°'5  F.);  it  partiallj 
decomposes  on  distillation.  Its  calcic  salt  is  said  to  yield  the  oorreBpooding 
ketone  on  distillation. 

(1735)  MyristicAcid:  C„H,,0,  =  C„H„.C00H.— The  glyceric  salt  of  this 
acid  is  contained  in  the  fat  of  the  nxxtmegiMtfriMicafragrans)  and  other  species  of 
myristieefe,  and  is  especially  abundant  in  dika-bread,  the  fruit  of  the  Man^^em 
gabonensit,  a  tree  growing  on  the  west  coast  of  Africa.  Myristic  acid  has  also 
been  obtained  from  many  other  fats,  as  butter,  cocoa-nut  oil,  aod  spermaceti, 
which,  however,  yield  it  only  in  small  quantity.  It  is  insoluble  in  water  and 
ether,  but  soluble  in  alcohol,  from  which  it  crystallizes  in  shining  laminae,  melt*- 
ing  at  53°'8  (i28°*9  F.).  It  partially  decomposes  on  distillation.  Ita  calcic  salt 
is  said  to  yield  the  corresponding  ketone  on  distillation. 

(1736)  Palmitic  Acid  :  C„H^O,  =  C^^H^j.COOH.— The  normal  glyceric 
salt  of  this  acid  is  a  constituent  of  most  natural  fats.  In  the  more  solid  animal 
fatit  it  is  chiefly  associated  with  glyceric  stearate,  whilst  the  vegetable  oils  chiefly 
contain  glyceric  oleate  in  addition  ;  the  solid  portion  of  palm  oil,  the  produce  of 
Slais  guianerms,  consists  chiefly  of  glyceric  palmitate.  Palmitic  acid  alao 
occurs  as  cetylic  salt  in  spermaceti,  and  as  cerylic  aalt  in  bees'-was ;  its  pota^dc 
salt  is  produced  together  with  that  of  acetic  acid  when  oleic  acid  is  fused  with 
potassic  hydrate.  It  may  be  prepared  by  saponifying  the  solid  portion  of  palm 
oil  by  boiling  it  with  a  solution  of  potassic  or  sodic  hydrate,  decomposing  the 
resulting  soap  with  sulphuric  or  hydrochloric  acid,  and  repeatedly  crystallizing 
the  separated  fatty  acid  from  alcohol  until  it  exhibits  a  constant  meLting 
point. 

Palmitic  acid  is  a  tasteless  odourless  substance,  insoluble  in  water,  but  it 
readily  dissolves  in  hot  alcohol  or  ether,  yielding  acid  solutions ;  it  crystallizes 
from  dilute  solutions  in  tufts  of  slender  needles,  melting  at  62''  (143^*6  F.) ;  the 
fused  acid  solidifies  to  a  mass  of  nacreous  laminae  on  cooling.  It  may  be  dLi- 
tilled  almost  without  change.  The  normal  palmitates  of  potassium  and  sodium 
readily  dissolve  in  a  small  quantity  of  hot  water,  forming  solutions  which  gela- 
tinize on  cooling ;  they  are  also  freely  soluble  in  hot  alcohol,  crystallizing  from 
the  solution  on  cooling  in  nacreous  laminse.  On  adding  water  to  their  concen- 
trated aqueous  solutions,  crystalline  hyperacid  salts,  such  as  the  Bait 
KCj^HjjOj  CjgHjjO,,  corresponding  to  the  hyperacid  acetates,  are  precipitated. 
The  salts  of  other  metals  are  insoluble,  and  are  obtained  from  those  of  the  alkali- 
metals  by  double  decomposition.  The  calcic  salt  furnishes  the  ketone 
(C^^H,^],CO  on  dry  distillation  ;  this  crystallizes  in  pearly  scales  or  lamime,  melt- 
ing at  84°  (183°' 2  F.) ;  on  oxidation  with  chromic  acid  liquor,  it  appears  to  yield 
chiefly  myristic  acid  together  with  lower  acids  of  the  series  (Hercz,  Ann.  Chem, 
Pharm.y  clxxxvi.  266). 

(1737)  Margabic  Acid:  Cj^H^^O,  =  C„H„.C00H,  is  not  known  to  occur 
naturally,  the  so-called  margaric  acid  obtained  from  natural  fats  having  been 
shown  by  Heintz  to  be  a  mixture  of  stearic  acid  with  other  lower  acids  of  the 
series,  chiefly  palmitic  acid;  it  has,  however,  been  prepared  by  displacing  the 
OH  group  in  cetylic  alcohol  (1453)  by  COOH  in  the  usual  manner  (Heintz 
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^ogg,  Ann,,  cii.  272).     The  acid  thue  produced  closely  resembles  palmitic  acid, 
but  melts  at  69''*9(i57°-8  F.). 

(1738)  STEiLRic  Acid:  C^H^Oj  =  Cj,H„.C0OH.— This  acid  occurs  a8 
glyceric  salt  ia  most  fats  and  oils,  being  eapecially  abundant  in  the  more  solid 
fats,  such  as  beef  and  mutton  suet.  The  so-called  stearin,  used  in  the  manufac- 
ture of  stearin  candles,  is  a  mixture  chiefly  of  palmitic  and  stearic  acids,  pre- 
pared by  pressing  the  mixture  of  acids  obtained  from  the  harder  animal  fats 
first  in  the  cold  and  then  at  temperatures  up  to  30** — 40®  (86** — 104°  F.),  in 
order  to  remote  oleic  acid  and  acids  of  low  melting  point.  Pure  stearic  acid  is 
best  prepared  from  this  mixture  by  dissolving  4  pts.  of  it  in  such  a  quantity  of 
alcohol  that  nothing  will  separate  out  on  cooling  even  to  o*^  (32^  F.),  and 
adding  a  boiling  alcoholic  solution  of  i  pt  magnesio  acetate  to  the  hot  liquid ; 
the  magnesic  salt  which  separates  on  cooling  is  pressed,  and  then  decomposed 
by  boiling  it  for  some  time  with  a  considerable  quantity  of  dilute  hydrochloric 
acid,  and  the  still  impure  stearic  acid  thus  obtained  is  repeatedly  crystallized 
from  alcohol  until  it  exhibits  a  constant  melting  point. 

It  crystallizes  in  nacreous  laminie  or  needles,  melting  at  about  69^ 
(615^*2  F.);  mixtures  of  stearic  acid  with  another  solid  acid  of  the  series, 
however,  fuse,  not  at  the  medium  fusing  point,  but  m'ostly  at  lower  tempera- 
tures, often  even  below  that  of  the  more  fusible  acid.  A  large  number  of  obser- 
vations on  this  subject  have  been  made  by  Heintz.  Stearic  acid  expands  very 
strongly  when  heated,  especially  at  the  moment  of  fusion.  It  may  be  distilled 
unchanged  under  reduced  pressure,  or  in  a  current  of  steam  heated  to  250°^ — 35^° 
(482^ — 662^  F.),  and  even  if  distilled  under  the  ordinary  pressure  it  is  for  the 
most  part  unaltered,  the  small  quantity  which  is  decomposed  yielding  apparently 
lower  acids  of  the  series  and  ketones ;  but  when  several  times  distilled  under 
pressure  in  a  closed  tube  it  is  entirely  decomposed,  yielding  water,  CO,  and  a 
complex  mixture  of  coiresponding  hydrocarbons  of  the  paraffin  and  olefine  series 
from  the  lowest  term  upwards  to  C^fi^  and  O^fi^  (Johnston,  Jour,  Chem.  Soc, 
xxix.  8).  Stearic  acid  appears  to  furnish  chlorinated  derivatives  when  sub- 
mitted to  the  prolonged  action  of  chlorine  at  100°  (212^  F.) ;  on  oxidation  with 
nitric  acid,  lower  acids  of  the  series  and  acids  of  the  succinic  series  are  said  to  be 
formed.  The  normal  stearates  of  alkali- metals,  like  the  corresponding  palmi- 
tates,  are  soluble  in  waiter  and  alcohol,  crystallizing  from  the  latter ;  they  are 
decomposed  by  a  large  quantity  of  water  with  formation  of  hyperacid  salts.  The 
stearates  of  other  metals  are  mostly  insoluble.  Calcic  steurate  is  said  to  furnish 
the  corresponding  ketone  on  dry  distillation. 

(1739)  Abachidic  Acid:  Cj^H^O,  =  Cj^H^.COOH.— The  glyceric  salt  of 
this  acid  occurs  in  oil  of  earth-nut,  the  produce  of  Arachis  hypogcea,  a  legu- 
minous creeping  plant,  indigenous  to  India  and  the  coasts  of  South  Africa  and 
South  America.  Aracliidio  acid  crystallizes  fi>om  alcohol  in  very  small  shining 
scales,  melting  at  75°  (167^  F.)  (Gorsmann,  Ann,  Chem.  Pharm,,  Ixxxix.  i; 
xcvii.  257). 

(1740)  Bbhbnic  Acid:  C^H^.O,  =  C,jH^.COOH.— The  glyceric  salt  of 
this  acid  is  said  to  occur  in  the  oil  expressed  from  the  fruit  of  Moringa  nux 
behen.     The  acid  itself  is  a  crystalline  substance,  melting  at  76^  (i 68^*8  F.). 

(1741)  Hy-knic  Acid:  C„H^0j=C,4H^,.C00H.— According  to  Carius 
{ibid,,  cxxxix,  168),  this  acid  is  present  as  glyceric  salt  in  the  fatty  substance 
contained  in  the  glandular  pouches  of  the  striped  hysena  (Si/aua  striaia).  It 
is  said  to  resemble  cerotic  acid  in  its  properties,  and  to  melt  at  about  177^ 
(35o"-6  F.). 

(1742)  Cbbotic  Acid:  C^yH^^O,  =  C„H„.COOH,  is  the  essential  constituent 
of  the  portion  of  bees*- wax  which  is  soluble  in  boiling  alcohol;  it  also  exists  as 
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oerylio  cerotate  in  Chinese  wax,  and  may  be  fonned  by  oxidation  of  oerflic 
alcohol  (1453),  by  fniiion  with  potassic  hydrate.  It  crystallizes  from  aloobol  in 
small  grains,  melting  at  78^  (172^*4  F.) ;  the  pnre  acid  dislils  withoat  alteratioin. 
By  exposing  the  melted  acid  to  the  action  of  chlorine  for  several  days  a  chlonn 
acid  of  the  formula  0^H^C1„0,  is  formed. 

(1743)  MBLT88IC  Acid  :  C,,H„0,  =  C^H^.COOH,  is  obtained  by  oxidation 
of  myricylic  alcohol  (1853)  by  heating  it  with  potash-lime.  It  dosely  resemWes 
cerotic  acid,  but  melts  at  about  89®  (i92®*2  F.). 

In  the  following  table  the  various  homologous  and  iso- 
meric acids  of  known  boiling  point  are  arranged  in  four  groups 
of  normal  primary,  isoprimary,  secondary,  and  tertiary  acids.  On 
comparing  the  boiling  points  of  the  strictly  homologous  acids  in 


CH,0, 


CAO, 


C,H,0, 


C,H,0, 


C,H,.0, 


C.H„0, 


C,H,A 


C,H,.0, 


C.H„0, 


C,AoO, 


H 

COOH 
B.P.  loo* 

OH, 

COOH 
B.P.  ii8* 

C.H, 

COOH 
B.P.  i4o'7 

C.H? 

COOH 
B.P.  i6i'-4 

C^Hf 

COOH 
B.P.  185- 

ans 

COOH 
B.P.  «)5» 

C.H5 

COOH 
B.P.  ia4» 

C,Hu 

COOH 
B.P.  (?)  «36- 

C,H5 

COOH 
B.P.  .54* 

C,HS 

COOH 

B.P.  i68'— a7o» 


CH,.C,Hf 

COOH 
B.P.  175* 

CH,.CH,.C,Hf 

(!)OOH 
B.P.  199' 


CH(CH,^, 

COOH 
B.P.  154" 


CH 


{c.H, 


COOH 
B.P.  173' 


CH 


CH, 


fCI 


COOH 
B.P.  H5' 


C(CH,), 

COOH 
B.P.  i63»-8 


CH(C,HO,         C(CH,),(CA) 

COOH  COOH 

B.P.  196*  B.P.  187" 


^^■!ch;C{CH,), 

COOH 

B.P.  about  «i  3* 
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the  first  group,  it  will  be  seen  that  the  difference  between  the 
successive  terms  in  the  case  of  the  second,  third,  fourth  and  fifth 
members  is  approximately  equal,  being  about  %%  C. ;  the  difference 
between  successive  terms  then  diminishes,  but  the  differences  are 
so  irregular  that  it  appears  probable  that  the,  boiling  points  of 
the  lower  terms  have  been  incorrectly  determined.  The  terms 
in  the  other  series  are  too  few  to  admit  of  comparison. 

(1744)  Ethereal  Salts  derived  from  Acids  of  the  Acetic 
Series, — i.  The  acids  of  the  acetic  scries  enter  directly  into 
reaction  with  many  alcohols  of  various  degrees  of  hydricity  to 
form  normal  and  basic  ethereal  salts,  the  change  taking  place  iu 
many  cases  even  at  ordinary  temperatures  j  thus : 

CH3.COOH   +  CjHg.OH  =x  CHg.COOCjH^   +  OH,. 

AMtioadd.  Bthylio  deotaol.  EthjHo  Metete. 

CH3.COOH  +  CgHjCOH),  =  CHj.COOC,H5(OH)3  +  OH,. 

Aeetie  add.  Olyocfol.  OIyo«io  monMetate. 

2CH,.C00H  +  CjHjCOHjg  =  (CH3.C00),.C,H,(0H)  +  2OH,. 

Aoetioadd.  Olyoerol.  0^o«1«  dbwetate. 

Water  being,  however,  a  product  of  the  reaction,  the  ''  etherifica- 
tion'^  is  never  complete  in  consequence  of  the  occurrence  of  the 
reverse  change ;  for  example  : 

CHj.COOCjHj  -h   OH,  =  CH3.COOH  +  CjHj.OH. 

Sthjlie  aoetata.  Aottlo  acid.  EtbyUe  aloohol. 

The  extent  to  which  these  opposite  reactions  take  place,  and  hence  the 
amount  of  ethereal  salt  formed,  as  well  as  the  degree  of  rapidity  with  which  it  is 
produced,  appear  to  vary  according  to  the  nature  of  the  reacting  substances,  the 
relative  amounts  employed,  the  temperature  to  which  the  mixture  is  heated,  and 
the  time  during  which  it  is  heated.  Berthelot  and  Pean  de  St.  Gilles,  from  a 
series  of  experiments  with  acetic  acid  and  several  prinuury  alcohols  of  the  ethylio 
series,  came  to  the  conclusion  that  the  amounts  of  ethereal  salt  produced  on 
heating  mixtures  of  the  various  alcohols  with  acetic  acid  iu  simple  molecular 
proportions,  and  also  the  rapidity  with  which  the  reactions  took  place,  varied 
only  within  very  narrow  limits.  The  more  extended  series  of  observations 
recently  published  by  Menschutkin  (Deut.  chem,  Oes.  Ber.,  x.  1728,  1898), 
however,  show  that  this  is  not  the  case,  the  discrepancy  between  his  results  and 
those  of  the  before-named  observers  being  apparently  due  to  the  fact  that  the 
latter  did  not  continue  the  heating  sufficiently  long.-  The  method  employed  by 
MeuHchutkin  consisted  in  heating  mixtures  in  as  nearly  as  possible  simple  mole- 
cular proportions  of  the  carefully  purified  alcohol  and  acetic  acid  in  closed  tubes 
of  I  c.c.  capacity  more  than  half  filled  with  the  mixture ;  the  heating  being 
effected  in  a  bath  of  glycerol  maintained  as  constantly  as  possible  at  a  tempera- 
ture of  153"*— 154®  (307°'4 — 309®*2  F.).  The  amount  of  change  taking  place 
in  a  given  time  was  ascertained  by  taking  the  tubes  from  the  bath,  cooling  them 
quickly,  and  determining  the  residual  acid  in  the  miztora  by  titradon  with  a 
solution  of  baric  hydrate. 
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The  tnttial  rate  of  change,  that  is  to  say,  the  percentage  of  acid  converted 
into  ethereal  salt  in  the  first  honr,  and  the  limit  of  change  or  greatest  percentage  of 
acid  ultimately  converted  into  ethereal  salt  by  prolonged  heating,  for  a  numb« 
of  primary  alcohols,  are  given  in  the  following  table; 


Nune  of  etlMreia  salt  formed. 

Initial  rate  of 
change. 

Limit 
ofchsnge. 

Metbylic      acetate 
Ethylic 
Propylic 
Isobutylic         „ 
Normal  ootylio  „ 
Cetylic 
Allylic 

Benzylic           „ 
Cinnamio         „ 

S7-a5 
46'6o 

4639 
45  "40 
46-56 

36-80 

3777 
37-21 

71-45 
69-61 
70-90 

73-46 
82-34 

87-17  {-CST 
61-88 

63-97 
6458 

In  considering  the  rate  at  which  etherification  takes  place,  Menschutkin 
distinguishes  the  absolute  from  the  relative  rate:  the  ctbsolute  rate  being 
expressed  by  the  proportion  which  the  amount  of  acid  or  alcohol  entering 
into  reaction  bears  to  the  whole  amount  employed;  and  the  relative  rate 
by  the  proportion  it  bears  only  to  the  amount  which  can  take  part  in  the 
reaction,  that  is  to  say,  to  tbe  limit  of  change.  Metbylic  alcohol  is  sharply 
distinguished  from  its  homologues  by  its  high  initial  rate  (absolute  rate  —  57*25 ; 
relative  rate  =  8o'i);  the  three  strictly  homologous  alcohols,  ethylic,  normal 
propylic  and  normal  octylic  alcohols  etherify  at  the  same  initial  rate,  but 
apparently  isoprimary  butylic  alcohol  is  attacked  at  a  slightly  lower  rate  j  as  the 
heating  is  continued,  however,  the  alcohols  of  higher  molecular  weight  appear  to 
enter  into  reaction  to  a  greater  extent  than  those  of  lower  molecular  weight,  so 
that  it  may  be  concluded  that  the  rate  at  which  the  primary  alcohols  of  the 
ethylic  series  enter  into  reaction  with  acetic  acid  increases  with  increase  of 
molecular  weight.     Thus : 

X  hour.  a  hours.  4  hours.  7  hours.  48  hoars. 

Ethylic  alcohol     .     46*60  56*22  63*26  65*28  66*98 

Propylic     „     .      •     46*39  5662  6283  6735  69*13 

Isobutylic  „     .     .     45*40  5595  62*68  66*19  7io 

Octylic      „     .    .     4656  5778  6508  68*53  ^0-65 

The  relative  initial  rate,  however,  diminishes  in  a  regular  manner  with  increase 
of  molecular  weight,  the  diminution  being  about  1*8  per  cent  for  each  additional 
atom  of  carbon  in  the  case  of  the  normal  primary  alcohols ;  thus : 

Found.  Calculated. 

Ethylic  alcohol 66*94         6  70 

Propylic     , 65*43  652 

Isobutylic,,         61*80  634 

Octylic       „        .......  56*61  562 

Isoprimary  butylic  alcohol,  it  will  be  observed,  in  this  respect  also  behaves 
somewhat  differently  from  the  homologous  alcohols.  The  relative  rates  of 
change  on  further  heating  appear  also  to  diminish  with  increase  of  molecular 
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weight,  but  the  number  of  obeervations  ae  yet  made  to  determine  this  is  few. 
If  such  be  the  case,  however,  the  time  required  to  attain  the  limit  should 
be  longer  the  higher  the  molecular  weight  of  the  alcohol ;  and  actually  it  is 
found  to  be  so,  i^ethylic  alcohol  attaining  the  limit  af1;er  between  48  and  72 
hours,  ethylic  alcohol  after  72  hours,  and  propylic,  isobutylic  and  octylic  alcohol 
only  afler  96  hours.  From  ethylic  alcohol  upwards  the  limit  appears  to 
increase  in  a  regular  manner  by  about  2  per  cent ;  the  limit  for  cetylic  alcohol 
is  lower  than  that  calculated  on.  this  assumption,  but  Menschutkin  is  inclined 
to  regard  the  value  at  present  assigned  to  it  as  too  low. 

The  unsaturated  primary  alcohols  examined  differ  very  slightly  in  their 
initial  rates,  but  the  absolute  rate  at  which  etherifioation  takes  place  is  consider* 
ably  lower  (by  about  10  per  cent.)  than  ibr  the  saturated  alcohols;  thus : 

Absolute.         Relative. 

AUylic  alcohol 3680         5940 

BenzyUc     , 3777  5904 

Cinnamic  „  37"2i  *)7*^i 

The  secondary  alcohols  of  the  ethylic  series,  however,  exhibit  still  lower  absolute 
initial  rates : 

Dimethyloarbinol 25*72 

Methylethylcarbinol 22*62 

Methylisopropylcarbinol 19*62 

Methylbutylcarbinol 19*13 

Methylhexylcarbinol 19*3^ 

But  it  will  be  observed  that  whereas  in  the  case  of  the  primary  alcohols  only 
methylic  alcohol  is  etherified  with  greater  rapidity  than  any  other,  in  the  case 
of  these  secondary  alcohols,  the  first  two  terms  are  more  rapidly  acted  on  than 
any  of  the  higher  homologuee.  Again,  whereas  with  the  primary  alcohols  the 
absolute  rate  of  change  is  nearly  the  ssme  for  the  various  homologues  during 
the  earlier  hours,  and  increases  only  after  some  considerable  time  with  increase 
of  molecular  weight,  the  secondary  alcohols,  which  enter  into  reaction  at  the 
same  initial  rate,  very  soon  manifest  different  rates  ;  the  rates  at  which  change 
takes  place  during  the  second  and  later  hours  being  in  all  cases  absolutely 
greater  for  the  secondary  alcohols  than  for  the  corresponding  primary.  For 
example,  in  the  first  two  hours  56*65  per  cent,  of  propylic  and  36*90  per  cent, 
of  isopropylic  alcohol  are  etherified;  during  the  first  hour,  however,  46*39  per 
cent,  of  propylic  and  25*72  per  cent,  of  isopropylic  alcohol  enter  into  reaction 
with  the  acid,  whereas  during  the  second  10*23  percent  of  propylic  and  11*18 
per  cent,  of  isopropylic  alcohol  are  converted  into  ethereal  salt  Again,  in  the 
first  four  hours  the  amount  of  propylic  alcohol  acted  upon  is  62*83,  and  of  iso- 
propylic 52*82  per  cent ;  but  in  the  first  two  hours  56*6^  and  36*90  per  cent 
respectively  are  etherified,  so  that  in  the  following  two  hours  only  6.21  per  cent 
of  the  normal  alcohol  is  converted  into  ethereal  salt,  the  amount  of  secondary 
alcohol  changed  being  three  times  as  great  (15*92  percent).  Although  the 
rates  of  change  during  the  earlier  hours  are  greater  for  the  secondary  alcohols 
of  lower  molecular  weight,  as  the  heating  is  continued  their  rates  of  change 
become  less,  while  those  of  higher  mol.  wt.  enter  to  a  greater  extent  into  reac- 
tion with  the  acid,  and,  after  heating  about  36  hours,  about  equal  amounts  of 
all  the  various  alcohols  are  converted  into  ethereal  salts.  From  this  point  the 
law  is  the  same  as  for  the  primary  alcohols,  the  rate  of  change  increasing  with 
increase  of  molecular  weight  The  absolute  amount  of  secondary  alcohol  which 
can  be  converted  into  ethereal  salt  by  continued  heating  increases  by  about  I'l 
per  cent,  for  each  additional  atom  of  carbon,  being  a  less  difference  Uian  obtains 
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in  the  cane  of  the  correitponding  primarj  alcohols,  of  which  also  a  considerably 
larger  amount  can  be  converted  into  ethereal  mdt,  thns : 

Found.       Cftleolftted. 

Diinethyloarbinol 61*50     ,   6i'5 

Methylethylcarbinol 62*43         62*6 

Methylisopropylcarbinol     .     .     •     •         64*0  63*7 

Methylbutylcarbinol 65*74         64*8 

Methylhezylcarbinol 66*65         67*0 

Two  nnsatorated  secondary  alcohols  hare  been  examined  by  Menschntkin— 
methylvinylcarbinol  and  diallylcarbinol.  They  diflTer  from  the  saturated  aloohob 
containing  the  same  number  of  carbon  atoms  in  a  similar  manner,  but  to  a  less 
extent,  that  the  unsaturated  differ  from  the  saturated  primary  alcohols,  the 
absolute  initial  rate  of  change  being  15*32  per  cent,  for  methylvinylcarbinol 
and  11*03  per  cent,  for  diallylcarbinol,  the  relative  rates  being  27*52  and  20*49 
per  cent.,  and  the  limit  of  change  55*65  per  cent,  of  the  former  and  53*66  per 
cent,  of  the  latter. 

Very  little  is  known  of  the  behaviour  of  the  homologues  of  aeetio  acid  and 
other  acids,  and  alcohols  other  than  those  mentioned  above.  The  results 
obtained  by  Berthelot  and  de  St.  Gilles  {Ann.  Chim.  Pkys.,  [3],  Ixv.  385 ;  Ixvi,  5 ; 
and  Ixviii.  225),  indicate,  howeveir,  that  the  rate  at  which  the  homologous  acids 
of  the  acetic  series  forai  ethereal  salts  diminishes  with  increase  of  mol.  wl,  and 
aliio  that  in  the  case  of  isologous  acids,  such  as  benzoic  aoid»  they  undergo  etheri- 
fication  less  rapidly  than  acetic  acids.' 

2.  Ethereal  salts  are  readily  produced  by  the  action  of  the 
acid  halides^  and  especially  of  the  acid  chlorides,  on  the  alcohols ; 
for  example : 

CH3.COCI  +  CjHg.OH  =  CH8.COOC,H5  +   BCl. 

Acetic  chloride.  EthyUc  alcohol.  Ethylic  acetate. 

In  this  manner  almost  the  theoretical  amount  of  ethereal  salt 
may  be  obtained. 

3.  A  common  method  of  preparing  ethereal  salts  is  to  satu- 
rate a  mixture  of  the  given  alcohol  and  acid  with  hydrochloric 
acid  gas,  the  reaction  being  completed  if  necessary  by  heating 
the  mixture  in  the  water  bath;  to  purify  the  product,  it  is 
usually  merely  requisite  to  wash  it  with  water,  removing  the  last 
portions  of  acid  by  the  addition  of  a  little  sodic  carbonate,  and 
then  to  dry  and  fractionally  distil  it.  The  amount  of  ethereal 
salt  produced  in  this  manner  is  considerably  larger,  and  the 
reaction  takes  place  with  much  greater  facility,  than  when  only 
the  alcohol  and  acid  act  upon  each  other,  although  the  whole  of 
the  acid  and  alcohol  do  not  undergo  conversion. 

Friedel  {Gampt,  Send,,  Ixviii.  1557)  has  endeavoured  to  explain  the 
influence  of  the  haloid  acid  by  the  assumption  that  it  converts  the  acid  into  the 
acid  chloride  and  water,  and  that  the  former  at  the  moment  of  formation  resets 
upon  the  alcohol ;  this  explanation  being  based  upon  the  observation  that  aoetie 
chloride,  CH,.C0C1,  may  actually  be  obtuned  by  the  action  of  hydrochloric  acid 
gas  on  a  mixture  of  acetic  acid  and  phosphoric  anhydride  at  a  temperature  of 
about  80*  (176^  F.),  a  change  which  Demole  has  recently  shown  may  be 
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realised  even  at  o^  (33^  F.)  {Deui,  okem,  Oei.  Ber,,  x.  1790).  Bat  as  Henry 
haB  pointed  out  (ibid,,  x.  2041),  there  is  good  reason  to  doabt  the  correctness 
of  this  explanation.  The  formation  of  acetic  chloride  from  acetic  acid  and 
hydroohlorio  acid  in  presence  of  phosphoric  anhydride,  indeed,  is  probably 
induced  by  virtoe  of  an  influence  exercised  by  the  latter  analogous  to  that  of 
carbon  in  the  formation  of  silicic  tetrachloride  on  passing  chlorine  over  a  mix- 
tare  of  silica  and  charcoal,  for  the  haloid  acids  alone  appear  to  be  incapable  of 
converting  the  carbox^l  acids  into  the  corresponding  acid  halide;  it  may  be 
supposed  that  acetic  and  hydrochloric  acids  do  not  enter  into  reaction  because 
the  formation  of  the  acid  chloride  involves  a  considerable  expenditure  of  energy, 
bat  that  it  takes  place  in  presence  of  phosphoric  anhydride  in  consequence  of  the 
development  of  more  than  sufficient  energy  to  cover  this  loss  by  the  combina* 
tion  of  the  water  (which  is  one  of  the  products  of  the  reaction  since 
CH,.COOH  +  HCl  =  CH,.C0C1  +  OHJ  with  the  phosphoric  anhydride  to  form 
metaphosphoric  add.  But  even  supposing  the  acid  chloride  to  be  formed  in  the 
manner  supposed  by  Friedel,  it  would  be  in  presence  of  both  water  and  the 
alcohol,  and  experiment  shows  that  the  former  would  be  first  attacked.  A  more 
probable  explanation  is  that  the  alcohol  and  carboxyl  acid  first  form  an  ether- 
alcohol,  just  as  water  and  the  acid  form  an  acidhydrol  (foot-note,  p.  823),  and 
that  this  compound  is  converted  into  an  unstable  monochlorhydrin,  which 
breaks  up  into  the  ethereal  salt  and  hydrochloric  acid;  thus  in  the  case  of 
acetic  acid  and  ethylic  alcohol,  the  following  reactions  may  be  supposed  to  occur 
successively : 

CH,.CO(OH)  +  C,H,.OH  =  CH,.C(OH).(OC,H,) ; 
CH,.C(OH),(OC,H,)  +  HCl  =  CH,.CC1(0H)(0C,HJ  +  OH,; 
CH,.CCl(OH)(OC,H.)  =  CH,.Cb(OC,H.)  +  HCL 

In  place  of  hydrochloric  acid^  sulpharic  acid  may  often  be 
advantageously  employed^  the  mixture  of  alcohol^  carboxylic  acid 
and  this  acid  being  warmed  for  some  time  in  the  water  bath. 
Its  action  is  doubtless  similar  to  that  of  hydrochloric  acid. 

4.  Another  method  frequently  employed  for  the  preparation 
of  ethereal  salts  derived  from  acids  of  the  acetic  series  and  the 
lower  alcohols  of  the  ethylic  series  is  to  act  upon  a  salt  of  the 
acid,  usually  the  sodic  salt,  with  an  add  ethereal  sulphate  such 
as  hydric  ethylic  sulphate ;  for  example : 

CHj.COONa  +  CjHg.HSO^  =  CHg-COOC^H^  +  NaHSO^. 

Sodie  aoetate.  EthyHo  hydilo  tslpluite.  Ethylic  aoeUte. 

5.  The  haloid  derivatives  of  hydrocarbons,  such  as  iodethane 
and  a-dibromethane,  for  example,  also  enter  into  reaction  with  the 
metallic  salts  of  acids,  especially  silver  salts,  in  a  similar  man- 
ner ;  thus : 

CHj.COOK   +   CjH^Br,   =   CHj.COOCjHgBr   +    KBr. 

PotMsioMetate.        Bthylenlo  bromide.  BromethjUe  aoetate. 

aCHyCOOAg   +    CjH^Br,  =   (CH,.COO),C,H^    +   aAgBr. 

ArgmtioMetste.  Sthylenio  bromide.  Ethylenio  ecetete. 

A  very  large  proportion  of  the  ethereal  salts  are  liquids. 
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chiefly  those  derived  from  polyhydric  alcohols  being  solids ;  many 
of  the  former  possess  characteristic  fruity  odours.  With  few  ex- 
ceptions^ they  are  either  diflScultly  soluble  or  insoluble  in  water, 
but  readily  soluble  in  alcohol  and  ether.  In  contact  with  water 
at  ordinary  temperatures,  they  either  remain  unchanged  or  un- 
dergo decomposition  only  to  a  very  slight  extent,  but  they  are 
more  or  less  readily  jesolved  into  the  alcohol  and  acid  on  heating 
with  water,  this  change  being  greatly  facilitated  by  the  presence 
of  a  mineral  acid  or  of  an  alkali;  they  are,  however,  mucli 
more  readily  acted  upon  by  water  than  the  ethers  such  as  ethylic 
oxide  (C^HJgO. 

(1745)  Ethereal  Salts  derived  from  the:A.cids  of  the 
Acetic  Series  and  Monohydric  Alcohols. — The  foUowi^^table 
is  a  list  of  the  ethereal  salts,  at  present  known;  derived  from 
these  acids  and  the  alcohols  of  the  ethylic  series  : 


•  The  so-called  isovaleratea  and  isoamylic  salts  have  all  been  prepared  from 
fermentation  amylic  alcohol,  and  are  therefore  mixtures. 

Digitized  by  VjOOQ IC 


B-P.^O. 

S.  G.ato'»0. 

Obmrer. 

Methyl 

to  formate    . 

.       334 

•998 

Eopp. 

>• 

acetate 

|56-3 
'    lS3'o 

•956 

M 

Dittmar. 

»> 

butyrate  . 

96 

•909 

Kopp. 

y9 

iiiobutyrate 

•      93 

•90s 

Pierre  and  Puchot 

ft 

isovalerate* 

.     116 

•901 

Eopp. 

tt 

trimethacetate     loi 

— 

Butlerow. 

t9 

nonylate  . 

.       214 

•876  (ifs) 

ZIncke  and  Franchimoat 

n 

decylate    . 

.     224 

Grimix). 

Ethylic 

formate 

/    54*9 
'I    54*4 

•944 

Kopp. 
Dittmar. 

»f 

acetate  .     . 

..     74-3 
I    77-0 

•910 

•906  (is«) 

Kopp. 
Linnemaun. 

)» 

propionate  . 

.      988 

•8945  (17') 

99 

»ff 

butyrate     • 

.       I2I-0 

•899  (if) 

99 

>» 

isobutyrate 

•       113 

•890 

Pierre  and  PuohoL 

yf 

valerate      . 

•     145 

•894 

Lieben  and  Rossi. 

yi 

i«ovalerate  . 

.     i35'5 

•886 

Pierre  and  Puchot 

„ 

trimethacetate       118*^ 

•87s 

Bntlerow. 

caproate 

/167 
•)  166 

•8765  (i7'-S) 

Zincke  and  Franchimoni 

» 

•890 

Lieben  and  BossL 

n 

isocaproate* 

.     161 

•887 

99                                     99 

heptylate    . 

i  189-3 
•1  i88 

•888 

Lieben  and  Jaueek. 

ft 

•873s  (16°) 

Grimshaw  ASchorlemnwr. 

n 

octylate      . 

.     208 

•873  (i6') 

Zincke. 

99 

nonylate     . 

.     22S 

•8655  (i7°-S) 

Zincke  and  Franchimont 

»» 

decylate      . 

(P)243 

Fischer. 

Propylic  formate     • 

.       83 

•930 

Pierre  and  Puchot 

>f 

acetate      • 

.     103 

•910 

>»                                    M 
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B.P.'C. 

8.Q.»to*»C. 

Obwrrer. 

Propylio  propionnte     . 

i  124-3 
I  1224 

•903 

•8885  (13') 
•879  (15^) 

Pierre  and  Pucbot. 
liinnemann. 

„          butyrate  .     . 

143*4 

»» 

,,          isobotyrate     . 

1373 

•888 

Pierre  and  Pacbot. 

„          iaovalerate*  . 

157 

•887 

M                                    l> 

Isopropylio  acetate  .     . 

90—93 

— 

FriedeL 

^           butyrate      . 

128 

•879 

Siiva. 

^           isovalerate* 

142 

•870 

M 

Amylio  acetate  .     •     • 

149 

•896 

Lieben  and  Rossi. 

Lsoamylic*  formate 

116 

•874  (2in 
•873  (15^ 

Kopp. 

„         acetate  .     • 

140 

Schorlemmer. 

^        isobutyrate  . 

170-3 

•877 

Pierre  and  Pucbot. 

„         isovalerate* 

190 

•874 

»                »> 

Secondary  amylic  acetate 

134     (P) 

•922 

Wurtz. 

Hexylic  acetate       •     . 

170 

•889(i7°-S) 

Francb.  and  Zincke. 

„        caproate     .     . 

245'6 

•86s  (i7°-5) 

»                 » 

Heptylic  acetate      .     . 

191-5 

•874  (16°) 

Crotis. 

„         heptylate  .     . 

271 

— 

t» 

Octylic  acetate  .     .     . 

207 

•872  (i6<') 

Zincke. 

w       iaovalerate  .     . 

250 

•862  (16') 

9» 

„       octylate       .     . 

298 

•862  (16**) 

» 

Only  a  bmall  number  of  ethereal  salts  derived  from  monobydric  aloobols  of 
other  series  are  known.  Allylic  formate,  according  to  ToUens,  boils  at  82° — 83®, 
and  at  17^  has  the  sp.  gr.  932;  and,  according  to  Hofuann  and  Cahours, 
allylic  acetate,  butyrate,  and  inovalerate  boil  respectively  at  98® — 100°,  140°, 
145°,  and  162°.  The  acetate  derived  from  allyldimethylcarbinol  boils  at 
I37**'5  ;  «nd  at  0°  has  the  sp.  gr.  '900  (M.  and  A.  Saytzeff) ;  while  that 
ibrmed  from  menthylic  alcohol  (1458)  boils  at  223^.  The  only  ethereal  salts  of 
alcohols  of  the  CnH,g_^.OH  series,  at  present  known  are  propargylic  acetate, 
which  boils  at  125*",  and  at  12**  has  the  sp.  gr.  1*003  (Henry)  ;  and  the  acetate 
formed  from  diallylcarbinol,  which  boils  at  169^*5,  ^^^  ^^  ^^  ^^  ^^®  ^P-  S^- 
'917.  Phenylic  acetate  boils  at  (?)  1 90°,  and  benzylic  acetate  at  2 1 0° ;  a  number 
of  acetates  derived  from  the  homologous  alcohols  have  already  been  referred  to 
in  describing  the  bomologues  of  phenol. 

(1746)  Ethylio  Formate;  Formic  Ether:  C,H,0,  =  H.COOC.H,. — This 
salt  may  be  formed  by  distilling  a  mixture  of  formic  acid  or  sodic  formate  and 
ethylic  alcohol  with  sulphuric  acid ;  or  by  distilling  a  mixture  of  ethylic  oxalate 
and  anhydrous  oxalic  acid  in  simple  molecular  proportions :  the  acid  oxalate 
formed  by  the  interaction  of  these  substances  being  resolved  at  the  moment  of 
formation  into  ethylic  formate  and  carbonic  anhydride:  COOH.0O00,H^  = 
H.OOOCjH^  +  CO,,  and  it  is  in  virtue  of  the  occurrence  of  this  reaction  that 
ethylic  formate  is  obtained  as  a  secondary  product  in  the  preparation  of  ethylic 
oxalate  by  distillation  of  a  mixture  of  ethylic  alcohol  and  oxalic  acid. 

Ethylic  formate  is  a  colourless  mobile  liquid,  having  an  agreeable  pungent 
odour,  soluble  in  about  9  pts.  of  cold  water;  it  is  violently  acted  upon  by  chlorine, 
furnishing  a  series  of  substitution  products.  The  action  of  sodic  ethylate  and  of 
sodium  on  this  salt  and  its  bomologues  will  be  discussed  later  on. 

(1747)  Methylic  Acetate  :  C.H^O,  =  CH,.COOCH,.— This  salt  is  a  con- 
stituent of  crude  wood  spirit;  it  may  be  prepared  by  distilling  a  mixture  of 
I  pt.  acetic  acid,  2  pts.  methylic  alcohol,  and  i  pt.  sulphuric  acid,  but  unless  the 
pure  alcohol  be  employed,  it  is  impossible  to  obtain  it  free  from  acetone.  The 
pure  salt  may  be  conveniently  obtained  by  distilling  a  mixture  of  pure  methylic 
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(1748)  Ethtlig  Acbtatb;  Aceiic  Eiher 
ethereal  salt  may  be  obtained  by  any  of  the  gen^itfmiidiods  previously  described, 
but  it  is  usually  prepared  by  distilling  av^iU|i^ of  ethylio  hydrio  sulphata 
(sulphovinic  acid)  and  wcAv^^^^A^^^fi^^Vioyiifk^  mode  or^roceeding  is 
recommended  by  Frankland  and  D^f^jfihem,  Soe.  Jbum^^a^  39^)  ^l^^n 
large  quantities  are  required  : — -0^^^^^  oonoentrated  suh))Kmc  spid  are  placed 
in  a  deep  stoneware  vessel  aj^^l^^rpts.  of  97  pero^p^tfalooh^^k^  allowed  to 
flow  into  it  by  means  t\f\  pissttlir  narrow  glasj^^irijCpasjipgto  the  bottom  of 
the  vessel,  and  oonneeCrawith  a  oonvenjpaJi'feMrvgy^tf^  at  a  oonsidarable 

elevation ;  this  tube  is  used  as  an^^^gffttor  d^pftlgtiie  oontinuaooe  of  the 
of  the  alcohol,  and  in  ^i^<fl^  there  is  obtained,  without  loss 
a  high  temperature  wjiielfgreatly  favours  the  formation  of  the  suln^iCe.  The 
mixture  thus  prodifoed  is  allowed  to  stand  twenty-four  hours^mre  use,  and 
is  then  gradually  poured  over  60  pts.  of  previously  dried  an^lued  sodio  acetate 
broken  into  smidl  pieces  and  placed  in  a  still  immersed^n^old  water,  care  being 
taken  that  the  temperature  does  not  rise  high  enoqg/lirto  distil  off  any  of  the  p*t>> 
duct ;  after  standing  about  twelve  hours,  tl^lCtture  is  submitted  to  distillation^ 
and  the  product  purified  by  rectification  from  powdered  fused  oaloio  chloride. 

Ethylic  aoetate  is  a  colourleiw  mobile  liquid,  soluble  in  11— 12  pts.  of  oold 
water,  and  of  sp.  gr.  -906  at  15**  (59''  F.) ;  it  boib  at  77*  (i7o*''6  F.).  When 
diluted  with  alcohol  or  water  it  has  a  very  pleasant  fruity  odoar,  bat  the  odour 
of  the  pure  compound  is  less  agreeable  and  extremely  pnngent  It  slowly 
decomposes  in  contact  with  oold  water,  and  is  rapidly  decomposed  on  heating 
with  water  or  alkalies,  with  formation  of  ethylio  alcohol  and  aoetie  acid  or 
alkaline  acetate;  its  decomposition  by  water,  however,  is  not  complete  unless  a 
large  excess  of  the  latter  be  employed  at  a  relatively  high  temperature,  the 
extent  to  which  change  takes  place  at  lower  temperatures  depending  on  the 
temperature   and   the   relative   proportions   of  the   reacting   substances.      Its 
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deoomposition  by  water  is  also  facilitated  by  the  presence  of  hydrochloric  or 
Bulpharic  acid. 

The  chlorides  of  phosphorus  are  without  action  on  ethytic  acetate  at  its 
boi|ing-point,  bat  it  is  readily  attacked  by  chlorine  with  formation  of  snbstita- 
tion^mpounds,  and  it  is  said  that  by  continaing  the  action  in  bright  snnlight 
the  ^hole  of  the  hydrogen  may  be  displaced  by  chlorine;  the  resolting  com- 
poundKhave  been  but  very  imperfectiy  examined,  however.  According  to 
Schiitzenfi^er,  slight  heat  is  developed  on  mixing  bromine  with  ethylic  acetate, 
and  if  a  current  of  dry  air  be  passed  through  mixtures  of  the  two  substances, 
whatever  the  proportions,  a  residue  is  finally  obtained  of  the  composition, 
C^H^OjBrj.  By  heating  a  mixture  of  bromine  and  ethylic  acetate  in  simple 
molecular  proportions  in  sealed  tubes  at  150°  (302°  F.),  bromacetic  acid  is  pro- 
duced in  accordance  with  the  equation :  CH,.COOC,H,  +  Br,  =  CH^Br.COOH  + 
CjHjBr  (Crafts);  if  double  this  quantity  of  bromine  be  employed  and  the 
mixture  be  heated  to  120° — 130°  (248° — 266°  F.),  dibromacetic  acid  is  formed 
(Cariufl,  Deut  chem,  Gea.  Ber.,  iii.  336):  CHg.COOC^H^  +  2Br,  = 
CHBr,.COOH  +  C,H,Br  +  HBr.  (comp.  Hell,  ibid.,  xi.  245). 

(1749)  Halogen  Salts  of  the  Acids  of  the  Acetic 
Series. — ^These  salts,  which  were  discovered  by  Schiitzenberger 
in  1 86 1  (for  a  full  description,  see  Leqons  professies  en  1868  et 
1869  devant  la  SociSte  Chimigue  de  Paris),  are  formed  by  the 
displacement  of  the  hydrogen  of  the  COOH  group  by  the  nega- 
tive radicles  CI,  Br  and  I ;  they  are  produced  by  methods  pre- 
cisely similar  in  principle  to  those  involved  in  the  formation  of 
the  metallic  salts,  although  they  cannot  be  prepared  directly 
firom  the  acids  by  the  action  of  the  halogens. 


r^ 


(1750)  Chlobikb  Acetate:  C,H,C10,  ==  CH,.C00C1,  is  prepared  by 
passing  a  current  of  hypochlorous  anhydride  into  acetic  anhydride  cooled  by 
water  until  the  liquid  acquires  a  marked  yellow  colour ;  tlie  excess  of  hypo- 
chlorous  anhydride  is  then  expelled  by  carefully  warming  the  solution  to  30* 
(86®  F.).  The  reaction  which  takes  place  is  precisely  analogous  to  that  occur- 
ring in  the  formation  of  argentic  acetate  from  acetic  anhydride  and  argentic 
oxide : 

CH,.CO  1 

CH,.CO 
Aoetie  anhydride.  Chlorine  acetate. 


+    CLO   =   2CH..COOCI. 


I..CO) 

}  anhydride. 

CH;:co}<^  +  ^«®  =    aCH..COOAg. 

Acetic  anhydride.  Argentic  acetate. 

Thus  prepared,  chlorine  acetate  is  a  pale  yeUow-coloured  liquid,  possessing  a 
powerful  irritating  odour ;  if  heated  above  loo**  (2 1 2°  F.),  it  detonates  violently, 
being  resolved  into  carbonic  anhydride  and  chloromethane :  CH,.C00C1  = 
CO,  +  CH3CI  It  gradually  decomposes  in  a  similar  manner  at  the  ordinary 
temperature.  It  dissolves  in  water  in  all  proportions,  but  with  decomposition, 
acetic  and  hypochlorous  acids  being  produced.  When  brought  into  contact  with 
metals,  such  as  copper,  zinc,  mercury,  potassium  or  sodium,  it  is  at  once  decom^ 
posed,  chlorine  being  evolved,  and  the  corresponding  metallic  acetate  formed : 

2CH,.C00Cl  +  2Na  =  2CH,.C0()Na  +  CI,. 
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Chlorine  acetate  at  onoe  uuiteu  with  ethylene,  and  apparently  with  the  homo- 
logooA  olefines,  forming  corresponding  chloracetins ;  for  this  parpoae  it  la  oonre- 
niently  employed  diluted  with  an  equal  weight  of  acetic  anhydride : 

CH^CH,  +  CH,.C00C1  ^  CH,<'CpO(CH,.CH,Cl). 

Ethylene.  Cblorettiylio  AoeUte. 

(1751)  Bbomine  Acetate:  C.H.BrO,  =  CH,.COOBr.— On  adding  bro- 
mine  to  chlorine  acetate,  chlorine  is  disengaged,  and  the  corresponding 
bromine  salt  is  formed:  2CH,.C00C1  +  Br,  =  2CH,.C00Br  +  CI,.  It  appa- 
rently resembles  chlorine  acetate  closely  in  its  properties,  but  is  a  far  lees  stable 
compound. 

(1752)  Iodine  Triacetate  :  C,H,0,I  =  (CH,.COO),I.— On  adding  iodine 
to  chlorine  acetate,  it  immediately  dissolves,  chlorine  being  disengaged;  and 
when  sufficient  iodine  has  been  added,  brilliant  colourless  crystals  are  deposited. 
The  compound  thus  produced  does  not,  however,  strictly  correspond  in  composi- 
tion to  chlorine  acetate,  but  results  from  the  displacement  of  3  atoms  of  chlorine 
in  3  molecules  of  the  latter  by  a  single  atom  of  iodine,  and  thus  bears  a  relaUon 
to  chlorine  acetate  similar  to  that  which  bismuthic  nitrate,  Bi(NO^,,  for  example, 
bears  to  argentic  nitrate,  AgNO, : 

6CH,.C00C1  +  I,  =  2(CH,.C00),I  +  3CI,. 

Its  formation  nfibrds  a  most  striking  example  of  the  tendency  of  iodine  to  act  as 
a  triad,  a  tendency  whereby  it  is  in  a  marked  manner  distinguished  irom  chlorine 
and  bromine. 

Iodine  triacetate  is  more  readily  prepared  by  passing  hypochlorons  acid  gas 
into  a  mixture  of  about  50  grams  acetic  anhydride  and  15 — 20  grams  pnre  dry 
iodine,  which  is  maintained  at  the  ordinary  temperature;  the  reaction  is  ter- 
minated when  the  efiervescence  due  to  the  escape  of  i)hlorine  ceases,  and  the  liquid 
becomes  decolorized  and  filled  with  a  mass  of  small  colourless  coherent  crystals. 
These  crystals,  which  are  extremely  sensitive  to  the  action  of  light,  may  be  purified 
by  decanting  the  mother-liquor,  and  recrystallizing  from  acetic  anhydride,  in  which 
they  may  be  dissolved  by  warming  to  about  60^  (140°  F.). 

Iodine  triacetate  forms  large  colourless  prisms,  which  at  once  become  pink 
and  then  brown  on  exposure  to  light ;  it  is  decomposed  by  water  with  formation 
of  acetic  and  iodic  acids,  and  also  by  alcohol ;  ether  and  benzene  dissolve  it 
without  change.  When  heated  to  about  140°  (284°  F.),  it  decompoees  with 
almost  explosive  violence,  forming  carbonic  anhydride,  iodine,  and  methylic 
acetate. 

Iodine  triacetate  may  apparently  also  be  formed  by  the  action  of  iodine 
chloride  on  sodic  acetate.  In  ita  preparation  as  above  described,  there  is  an 
intermediate  compound  first  produced  in  accordance  with  the  equation: 
2C1,0  + 1,  +  2  (CH,.CO),0  =  I(CH,.CO,),Cl  +  CI,.  This  compound  crystallizes 
in  long  yellow  needles;  by  the  action  of  chlorine  acetate  it  is  converted  into 
iodine  triacetate :  I(CH,.C00),C1  +  CH,.C00C1  =  I(CH,.COO),  +  CI,. 

Butyric  anhydride,  if  submitted  to  the  action  of  hypochlorons  anhydride  or  of 
hypoehlorous  anhydride  and  iodine,  furnishes  analogous  compounds  to  the  above 
described  acetates, 

(1753)  Cyanogen  Acetate. — When  acetic  chloride  is  allowed  to  act  upon 
argentic  cyauate»  decom position  takes  place  in  accordance  with  the  equation: 
CH,.COCl  +  CN0Ag==CH3.COO(CN)  +  AgCl,  but  the  product  is  a  solid  sub- 
stance,  which  is  probably  a  polymeride  of  the  compound,  CH,.COONC.  On 
heating,  it  does  not  furnish  a  volatile  product  at  90°  (i94°  F.),  but  below  100° 
(2 1 2°  F.),  a  regular  evolution  of  carbonic  anhydride  takes  place,  and  a  mobile 
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puDgent-smelling  liqaid  distils  over ;  the  distillate  is  apparently  a  mixture  of 
methjlic  cyanide,  CHg.CN,  and  the  acetate  CH,.COONC,  but  the  latter  cannot 
be  isolated  by  fractional  distillation.  The  mixture  boils  at  80° — 85°  (176° — 185° 
F.),  and  on  treating  it  with  water,  effervescence  takes  place  owing  to  the  escape 
of  carbonic  anhydride,  whilst  acetamide  is  produced :  CH,.COO(NC)  +  OH,  = 
CH^CO(NH,)  +  CO,  (Schutzenberger,  loc,  cit). 

(1754)  Thtoacids  op  the  AcBTic  Series. — Thiacetic  acid:  C,HpS  = 
CH^.CO.SH. — These  acids  are  formed  by  the  displacement  of  one  of  the  atoms  of 
oxygen  in  the  acids  of  the  acetic  series  by  sulphur,  and  are  produced  by  the 
action  of  the  sulphides  of  phosphorus  on  the  latter ;  thiacetic  acid  is  the  only 
member  of  the  group  which  has  been  investigated.  It  is  best  prepared  by 
heating  a  mixture  of  300  grams  phosphorus  pentasulphide  and  108  grams 
acetic  acid  in  a  retort,  which  it  as  nearly  as  possible  half  fills,  until  reaction 
commences ;  the  source  of  heat  is  then  removed,  and  only  that  portion  of  the 
product  whicb  is  volatilized  by  the  heat  developed  in  the  reaction  collected. 
This  product  is  afterwards  rectified.  If  the  mixture  be  heated  afler  the 
reaction  has  taken  place,  much  of  the  thiacetic  acid  is  decomposed  by  the  action 
of  the  sulphur  compounds  present.  Thiacetic  acid  may  also  be  formed  by  the 
action  of  acetic  chloride  on  potassic  thiohydrate :  CH,.C0C1  +  KSH  •= 
CH,.C0SH  +  KC1;  by  digesting  phenylio  acetate,  CH,.COOC,H,,  with  an 
alcoholic  solution  of  potassic  thiohydrate ;  and  by  the  action  of  water  on  acetic 
disulphide,  (C,H,0),S,  (Kekul^ ;  Kekul6  and  Linnemann,  Ann,  Chem.  Pharm., 
xc.  311 ;  cxxiii.  273;  Ulrich,  U}icL,  oiz.  272). 

Thiacetic  acid  is  a  colourless  liquid  of  unpleasant  odour,  like  that  of  acetic 
acid  and  hydric  sulphide  together;  it  boils  at  about  93°  {igg^'4.  F.),  but  undergoes 
slight  decomposition.  It  has  the  sp.  gr.  1*074  at  10^  (50^  F.)  ;  is  soluble  in 
water  and  alcohol ;  and  does  not  solidify  when  cooled  to  —  1 7°  ( i°'4  F.).  Thiacetic 
acid  furnishes  a  series  of  metallic  salts  analogous  in  composition  to  the 
corresponding  acetates ;  the  lead  salt,  (CH,.COS),Pb,  obtained  by  precipitating 
a  solution  of  plumbic  acetate  with  thiacetic  acid,  is  one  of  the  most 
characteristic :  it  crystallizes  from  hot  water  in  colourless  silky  needles,  which, 
however,  soon  blacken  even  in  the  dry  state.  The  ethylic  salt,  obtained  by 
the  action  of  phosphorus  pentasulphide  on  ethylic  acetate,  boils  at  about  80^ 
(176^).  Thiacetic  acid  is  decomposed  with  explosive  violence  by  warm  nitric 
acid ;  when  submitted  to  the  action  of  chlorine  gas,  it  yields  acetic  chloride, 
hydrochloric  acid  and  sulphur  chloride,  and  it  is  acted  upon  in  a  similar  manner 
by  phosphorus  pentachloride  ;  it  is  also  decomposed  by  sulphuric  acid.  When 
it  is  mixed  with  aniline,  a  reaction  soon  takes  place,  sulphuretted  hydrogen 
being  evolved,  and  eventually  a  crj'stalline  mass  of  acetanilide  remains: 
CH,.COSH  +  C.H^.NH,  =  C.H..NH(CH,.CO)  +  SH,. 

(1755)  Acid  Halidbs  derived  from  the  Acids  op  the 
Acetic  Series. — These  compounds  are  formed  by  the  displace- 
ment of  the  group  OH  in  the  carboxyl  group  by  halogens^  and 
are  produced  by  the  action  of  the  haloid  phosphorus  compounds 
on  the  acids  themselves^  their  salts^  or  the  corresponding  anhy- 
drides. The  displacement  of  OH  in  the  COOH  group  by 
halogens  cannot  be  affected  by  the  action  of  the  haloid  acids  as 
in  the  case  of  the  carbinols ;  acid  chlorides  may^  however^  be 
obtained  by  the  action  of  hydrochloric  acid  on  the  acids  in  pre- 
sence of  a  powerful  dehydrating  agent  such  as  phosphoric 
anhydride. 
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The  acid  halides  may  also  be  regarded  as  formed  from  the 
aldehydes  by  the  displacement  of  H  in  the  group  COH  by  a 
halogen^  and  several  of  them  have  been  produced  in  this 
manner. 

The  acid  halides  are  extremely  active  bodies,  entering  readily 
into  reaction  with  a  large  number  of  other  compounds,  especially 
hydroxyl  and  amidogen  derivatives ;  they  are  decomposed  even  by 
cold  water :  those  of  lowest  molecular  weight  being  most  readily 
acted  upon. 

Acid  halides  derived  from  formic  acid  are  unknown,  this 
acid  being  completely  decomposed  by  the  haloid  phosphorus 
compounds;  thus:  H-COOH  +  PClgrrCO-haHCl+POClj. 

(1756)  Acetic  Chlobide;  Chloride  of  aceiyl:  CH^.COCl. — Thia  com- 
pound is  most  readily  prepared  by  adding  phosphorus  trichloride  to  acetic  add  in 
proportions  in  accordHnce  with  the  equation  3CH,.C(X)H  +  Pd,  =  3CHg.C0CI  + 
H,PO,,  warming  the  mixture  to  complete  the  reaction  and  then  distilling ;  the 
product  merely  requires  a  single  rectification.  It  may  be  prepared  in  a  similar 
manner  with  the  aid  of  phosphorus  pentachloride  or  ozychloride,  or  by  the 
action  of  each  of  these  three  pltosphorus  compounds  on  the  metallic  acetates. 
The  action  of  phosphorus  pentachloride  on  acetic  acid  is  expressed  by  the 
equation:  CH,.COOH  +  PCI,  =  CH,.C0C1  +  POCl,  ;  this  reaction  takes  place 
with  great  readiness  and  may  be  effected  entirely  without  the  aid  of  heat,  but  t 
volatile  phosphorus  compound  being  formed,  this  method  is  less  well  adapted 
for  the  preparation  of  the  pure  chloride.  When  phosphorus  oxychloride  acts' on 
a  metallic  acetate,  such  as  sodio  acetate,  the  following  reaction  occurs:  POGl^-l- 
2CH,.C00Na  =  2CH3.COCI  +  NaCl  +  NaPO,. 

Acetic  chloride  is  also  formed  by  the  action  of  phosphorus  pentachloride  oa 
acetic  anhydride,  (CH,.C0)20 ;  by  the  action  of  chlorine  on  aoetaldehyde 
(com p.  1628)  and  by  the  action  of  hydrochloric  acid  in  presence  of  phosphoric 
anhydride  on  acetic  acid  :  this  latter  reaction  takes  place  even  at  o^  (32^  F.) 
(comp.  Friedel,  Compt.  Bend,,  Ixviii.  1557  ;  Demote,  Deut,  ckem.  Oes.  JBer,,  x. 

1790).  ^ 

Acetic  chloride  is  a  colourless,  mobile,  pungent-smelling  liquid,  of  the  sp.  gr. 
I.130J  at  0°  (32*  F.);  it  boils  at  55**  (131°  F.),  It  fumes  strongly  in  moist 
air,  and  is  immediately  decomposed  with  explosive  violence  when  placed  in 
contact  with  water. 

Acetic  Bbomidb  or  Bromide  of  acetyl:  CH,.C06r,  is  prepared  in  a  precisely 
similar  manner  by  means  of  the  bromides  of  phosphorus,  and  closely  resembles 
the  chloride,  but  boils  at  Si**  (f  77°  8  F.). 

Acetic  Iodide  or  Iodide  of  acetyl:  CH,.COI,  cannot  be  obtained  by  tlie 
action  of  phosphorus  tri-iodide  on  a(«tio  acid,  but  is  ptx)duoed  by  acting  with 
this  iodide  on  acetic  anhydride  (Guthrie,  Ann.  Ckem,  Pharm,,  ciii.  335),  or 
potassic  acetate  {CahonrB,  Compt.  Bertd,,  i\w,  1252).  According  to  Guthrie, 
iodine  is  gradually  added  to  a  mixture  of  acetic  anhydride  and  a  slight 
excess  of  phosphorus  ;  the  flask  or  retor  f  containing  the  mixture  is  then  heated 
for  a  short  time  to  complete  tlie  reaction,  after  which  the  product  is  distilled  off, 
violently  shaken  with  mercury  to  remove  iodine,  and  rectified.  It  boils  at  loS* 
(226^*4  F.),  but  is  partially  decomposed,  and  therefore  cannot  be  obtained 
colourless  in  this  manner ;  like  the  corresponding  chloride  and  bromide,  it  is 
immediately  decomposed  by  water.     Attempts  to  prepare  diaoetyl  from  it  by  the 
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aotion  of  metals  have  been  unsuccessful :  it  is  violently  acted  upon  by  finely- 
divided  silver,  and  a  liquid  product  is  obtained  which  consists  almost  entirely  of 
acetic  acid  and  acetic  anhydride,  mixed,  however,  with  a  small  quantity  of  an 
extremely  pungent-smelling  substance,  which  gradually  decomposes  on  keeping, 
furnishing  a  black  carbonaceous  matter ;  a  solid  product  is  also  formed,  and 
remains  mixed  with  the  argentic  iodide,  which  contains  less  hydrogen  than 
acetic  iodide  and  very  little  oxygen  (Wislicenus  and  Ponamareff,  Deut.  chem. 
€hs,  Ber,,W,  525). 

The  acid  halides  homologous  with  those  of  acetic  acid  closely  resemble  these 
Uiter  in  their  properties.     The  following  are  known : 


Propionic  chloride      ....  CjH^.COCl  .  . 

Propionic  bromide     ....  C,Hg.GOBr  .  . 

Propionic  iodide C^H^.COI    .  • 

Butyric  chloride C^H^^COa  . 

Isobutyric  chloride     ....  (CH,),CH.C0C1 

Isovaleric  chloride      ....  C.H^.C0C1  .  . 

Trimethacetic  chloride     .     .     .  C(CH,),.C0C1  . 


80 

97 
128 

lOI 

92 
115 


(1757)  Acetic  Cyakide;  Acetyl  cyanide:  C,H,ON  =  CH,.CO.CN.— To 
prepare  this  compound,  a  mixture  of  acetic  chloride  and  argentic  cyanide  in 
equivalent  proportions  is  heated  in  sealed  tubes  for  one  or  two  hours  at  100° 
(212^  F.).  It  is  a  colourless  liquid,  lighter  than  water,  smelling  both  of  acetic 
and  hydrocyanic  acids;  it  boils  at  93°  ( 199^*4  F.).  When  brought  into  contact 
with  water,  it  gradually  dissolves  in  it,  forming  acetic  and  hydrocyanic  acids. 
If  it  be  preserved  in  a  corked  flask,  or  treated  with  solid  potassio  hydrate  or  with 
sodium,  it  is  eonverted  into  an  oil  insoluble  in  water,  which  after  a  time  becomes 
crystalline.  This  substance  ia  also  a  produce  of  the  action  of  acetic  chloride  on 
argentic  cyanide,  and  is  polymeric  with  the  liquid  cyanide ;  its  vapour  density 
corresponds  with  the  formula,  C^H^OJN^,.  It  melts  at  69°  (i56°'2  F.),and  boils 
at  about  208°  (406^*4  F.)  (conip.  Fileti,  Deut  chem,  Ges,  Ber.fix,  82);  when 
heated  with  water  in  sealed  tubes,  or  with  concentrated  sulphuric  acid,  it  yields 
acetic  and  hydrocyanic  acids  (Hiibner,  Ann,  Chem,  Pharm.,  oxx.  334 ;  cxxiv. 
315).  According  to  Claisen  and  Shadwell  {DeuL  chem,  €hs,  Ber.,  xi.  621),  when 
well-cooled  acetic  cyanide  is  mixed  with  a  quantity  of  highly  concentrated  hydro- 
chloric acid  containing  exactly  the  amount  of  water  required  by  the  proportion 
C,H,ON :  OH^ya  crystalline  amide  of  the  composition  C^H^O^  is  formed,  which 
on  digestion  with  dilute  hydrocUorio  acid  is  converted  into  an  acid  of  the  com- 
position C,H^O^  closely  agreeing  in  its  properties  with  pyruvic  acid  (q.  v.). 

Isovaleric  cyanide:  C^H^.CO.CN. — By  acting  on  isovaleric  chloride  with 
argentic  cyanide,  this  cyanide  is  obtained  as  a  colourless  thick  fluid  boiling  at 
145° — 150°  (293° — 302®  F.)  (Hiibner,  ibid,,  cxxxi.  74). 

(1758)  Acid  Oxidbs  oa  Anhydrides  derived  from  the 
Acids  of  the  Acetic  Series. — The  anhydrides  bear  the  same 
relation  to  the  corresponding  acids  that  the  ethers  or  basic 
oxides^  such  as  ethylic  ether^  bear  to  the  corresponding  mono- 
hydric  alcohols ;  thus  : 

C,H,.OH;        ^»|{»|o.  CH,.CO(OH);   cSjicol^- 

Etbylic  slcohol.  Ethylic  oxide.  Acetic  Mid.  Acetic  oxide. 

(bthylic  ether.)  (Acetic  aiihydri4e.) 

They  are  chiefly  distinguished  from  the  ethers  by  the  readiness  j[^ 
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with  which  they  enter  into  reaction  with  water  and  basic 
oxides. 

The  anhydrides  are  usually  prepared  by  the  action  of  the  acid 
chlorides  on  metallic  salts  of  the  acids,  the  sodic  salts  being 
most  frequently  employed.  Reaction  takes  place  at  once  on 
bringing  the  two  compounds  together,  considerable  heat  being 
developed ;  to  complete  the  reaction,  the  mixture  is  heated  for  a 
short  time  and  then  distilled.  If  the  metallic  salt  and  the  acid 
chloride  be  derived  from  the  same  acid,  a  simple  anhydride  is 
produced;  thus: 

CHg.COONa   +  CH3.COCI  =  NaCl  +  (CH,.CO),0. 

SodioMetate.  AMtie  chloride.  Acetic  anhydride. 

But  if  this  be  not  the  case,  a  mixed  anhydride  is  formed : 
CHj.COONa   +   C,Hy.CXK!l  =  NaCl  +  c  H^  Col°" 

Sodle  Mefcate.  BntTrio  chloride.  AcetobaiTiic  anhydride. 

The  mixed  anhydrides  may  be  separated  from  the  metallic 
chloride  by  means  of  pure  ether,  but  not  by  distillation,  as  they 
undergo  decomposition  when  distilled,  being  resolved  into  a 
mixture  of  the  two  corresponding  simple  anhydrides ;   thus  : 

CH3.C0  \^  .  CH3.C0  \^  _  CH3.C0)     ^  ajH^-co)^ 

C3H7.COr  ^  CjHy.COj^  "■   CHj^COjO   ^  C.Hy.COp- 

Aceto-batyric  anhydride.  Acetic  anhydride.  Batyrio  anhydride. 

In  preparing  the  simple  anhydrides,  it  is  not  essential  to 
first  prepare  the  add  chloride  in  a  pure  state,  and  then  to  act 
upon  the  metallic  salt  with  it ;  the  two  operations  may  be  com- 
bined in  one  by  acting  upon  the  metallic  salt  of  the  acid  with 
phosphoric  oxychloride  in  the  proportion  of  4  mols.  of  the 
former  to  1  of  the  latter.  From  one  half  of  the  metallic  salt 
and  the  oxychloride  there  is  formed  the  equivalent  amount  of 
acid  chloride  and  a  metallic  metaphosphate,  and  the  acid  chloride 
thus  produced  then  enters  into  reaction  with  the  remaii^ng 
portion  of  the  metallic  salt. 

Simple  anhydrides  may  also  be  prepared  by  digesting  a 
mixture  of  an  acid  chloride  and  the  corresponding  acid  in  simple 
molecular  proportions,  as  long  as  hydrochloric  acid  is  evolved^ 
the  product  being  purified  by  fractional  distillation;  thus: 
CH3.COCH-CH3.COOH=:HCH-(CH3.CO)30.  A  modification 
of  this  method  consists  in  adding  phosphorus  trichloride  to  the 
acid  in  the  proportion  of  i  mol.  to  6  mols.,  the  mixture  being 
subsequently  heated  in  a  flask  or  retort  attached^to  a  feversed 
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condenser  until  the  evolution  of  hydrochloric  acid  is  at  an  end, 
and  then  distilled. 

The  following  simple  anhydrides  of  the  series  are  known : 

ap.  °  c. 
Acetic  anhydride     .     .     .     •     (CH^CO),©     .     .  138° 


Propionic  anhydride 
Butyric  anhydride    . 
Isovaleric  anhydride*    . 
Trimethacetic  anhydride 


(C,H,.CO),0     .     .  165° 

(C,H/.CO),o    .     .  I9»°— ^93° 
(C^H^.CO),0    .     .         a  1 5° 
[{CH3)3C.CO],0    .  190° 

(1759)  Acetic  Oxidb  or  Anhydbidb  :  C^H^O,  =  (OH,.CO),0.— Acetic  an- 
hydride ift  most  conveniently  prepared  by  the  action  of  acetic  chloride  on  either 
acetic  acid  or  sodio  acetate.  It  is  alAo  formed  on  adding  acetic  chloride  to  bario 
oxide:  the  reaction  commences  in  the  cold,  and  is  completed  by  heating  the 
mixture  in  sealed  tabes  at  100^  (212^  F.).  Calcic  oxide  is  acted  upon  with 
Much  violence  by  acetic  chloride  that  it  becomes  red-hot  if  much  of  the  chloride 
be  added  at  a  time;  plumbic  oxide,  however,  is  but  slightly  affected  even  at 
150**  (302°  F.)  (Gal,  Ann.  Chem.  Fharm,,  cxxviii.  126).  According  to 
Broughton  {Chem,  Soc,  Joum.,  xviii.  121),  it  may  be  obtained  by  heating  a 
mixture  of  plumbic  acetate  and  carbonic  bisulphide  in  sealed  tubes  at  165^ 
(3  29°  F.),  plumbic  sulphide  and  carbonic  anhydride  being  the  accessory  products. 

Acetic  anhydride  is  a  colourless,  mobile,  pungent-smelling  liquid,  of  the 
sp.  gr.  I  073  at  20^-5  (68*-9  F.) ;  it  boils  at  138**  (28o*-4  F.).  When  poured 
into  water,  it  falls  through  it  in  oily  drops,  which  however  soon  dissolve,  form- 
ing acetic  acid;  alkaline  solutions  decompose  it  much  more  readily,  and  it  is 
also  acted  upon  by  anhydrous  basic  oxides,  such  as  calcic  oxide,  the  corresponding 
metallic  acetate  being  formed.  A  number  of  aoid  oxides  also  enter  into  reaction 
with  it :  thus  with  chlorine  monoxide,  it  forms  chlorine  acetate — a  compound 
which  has  already  been  described;  and  when  it  is  boiled  with  arsenious  and 
boric  oxides,  syrupy  liquids  are  obtained,  which  solidify  on  cooling  to  vitreous 
masses :  the  compounds  thus  produced  may  be  regarded  as  formed  by  the  dis- 
placement of  H  in  the  COOH  group  of  acetic  acid  by  the  oxygenated  radicles 
AsO  and  BO.  These  compounds,  however,  unlike  those  produced  by  the  agency 
of  the  basic  oxides,  are  all  readily  decomposed  by  water. 

Acetic  anhydride  is  dissolved  by  ethylic  alcohol  with  formation  of  ethylio 
acetate,  and  it  enters  into  reaction  more  or  less  readily  with  all  alcohols  and 
hydroxy -compounds  in  a  similar  manner. 

It  is  also  readily  acted  npon  by  ammonia  and  by  many  amines,  forming  acid 
amides;  for  example : 

(CH,.CO),0  4.  2NH,  =  CH,.CO(NH,)  +  CH,.COONH,. 

Accftlo  anhydride.  Aoetamide.  Ammonio  acetate. 

On  passing  chlorine  into  acetic  anhydride  heated  to  loo'*  (212°  F.),  acetic 
chloride  distils  over,  leaving  monochloracetic  acid  in  the  retort :  (CH,.CO),0  + 
01,  =  CH,.COCl  +  CH,Cl.COOH;  bromine  acta  npon  it  in  a  similar  manner 
even  more  readily,  but  iodine  is  without  action  even  at  200^  (39^°  ^O*  ^^  ^ 
also  readily  decomposed  by  hydrochloric  acid  gas  at  xoo^  (212^  F.),  acetic 
chloride  and  acetic  acid  being  produced:  (CH,.CO),0 -f  HCl  =- CH^COCl -H 
CH^COOH.  Phosphoric  pentaddoride  entirely  converts  it  into  acetic  chloride ; 
PCI,  +  (CH^CO),0  =  2CH,.C0a  -h  POCl,, 

*  Probably  a  mixture  of  the  anhydrides  of  idoprimary  and  tecondafj  valeric 
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When  a  mixture  of  acetic  anhydride  and  acetic  acid  is  treated  with  aodiiim. 
amalgam,  the  hydrogen  liberated  from  the  acid  reduces  the  anhydride,  oonTerting 
it  into  ethylic  alcohol.  The  mixed  anhydrides  furnish  a  mixture  of  the  two 
corresponding  alcohols,  acetobutyric  anhydride,  for  examplf^,  yielding  ethylio  and 
butylic  alcohols  (Linnemann,  Ann,  Chem.  Pharm.f  clxi.  185). 

Zincic  ethide  acts  with  great  violence  on  acetic  anhydride,  but  if  a  mixfcofe  of 
ethylic  iodide  and  acetic  anhydride  be  dropped  upon  a  quantity  of  zinc-sodium 
alloy,  the  reaction  takes  place  more  gradually,  and  is  complete  in  about  30 
hours ;  if  water  be  then  carefully  added,  and  the  mixture  distilled,  methylethyl- 
ketone  is  obtained  (M.  Saytzeff,  Zeits,  Chem.,  [2],  vi.  104). 

(1760)  Tbihethacetic  Awhydbide  :  [C(CH,),.CO],0,  obtained  by  heating 
a  mixture  of  trimethacetio  chloride  and  an  excess  of  potassic  trimethacetate  in 
sealed  tubes  at  150^  (302°  F.},  is  a  colourless  liquid,  lighter  than  water,  pocwesa- 
ing  a  faint,  peculiar,  but  not  pungent  odour;  it  boils  at  about  190°  (374**  ^•)' 
Cold  water  has  apparently  no  action  upon  it,  and  even  dilute  potaaaic  hydrate 
solution  attacks  it  but  slightly,  although  it  is  violently  acted  upon  by  a  slightly 
warm  concentrated  solution  (Butlerow,  Ann,  Chem.  Pharm,,  clxxiii.  374). 

(1761)  Acetic  Thianhydbidb  :  (CH,.CO),S. — This  compound  may  be 
prepared  by  gradually  adding  acetic  chloride  to  well-cooled  crystallized 
potassic  sulphide.  It  is  a  colourless  liquid,  of  alliaceous  odour,  boiling  at  121^ 
(249^*8  F.) ;  it  is  not  acted  upon  by  dilute  nitric  acid,  b.ut  the  fuming  acid  dis- 
-solves  it,  forming  acetic  and  sulphuric  acids  (Lukaschewicz,  Zeits.  Chem.,  [2],  iv. 

642). 

(1762)  Acetic  Peboxide:  (CHg.COO),. — This  compound  is  formed  by  the 
action  of  baric  peroxide  on  acetic  anhydride,  in  accordance  with  the  equation : 

CH..CO  1  rk    ^     D  A  CH-.COO  I     ^   T,  /r.  TT  A  ^ 

*  ch;.co/^  -"  ^^*  =  ch;.coo/  -^  S^^AOJ.. 

Acetic  anhydride.  Acetic  peroxide.        Baric  acetate. 

In  preparing  it,  the  anhydride  is  dissolved  in  anhydrous  ether,  and  the  peroxide 
added  very  gradually,  as  the  reaction  is  attended  with  development  of  heat; 
the  solution  is  then  filtered  from  the  baric  acetate,  the  ether  carefully  distilled 
off  at  as  low  a  temperature  as  possible,  and  the  residue  washed  with  water 
until  the  washings  are  no  longer  acid. 

Acetic  peroxide  is  a  viscid  liquid,  extremely  pungent  to  the  taate ;  it  is 
highly  unstable,  and  a  most  dangerous  substance  to  manipulate,  as  it  explodes 
with  great  violence  when  gently  heated.  Like  all  peroxides,  it  exhibits  pro- 
nounced oxidizing  properties,  immediately  decolorizing  a  solution  of  sulph- 
indigotic  acid,  converting  potassium  ferrocyanide  into  ferricyanide,  and  liberating 
iodine  from  hydriodic  acid  and  potassic  iodide,  but  it  does  not  reduce  chromic 
or  permanganic  acid  in  an  acid  solution ;  on  adding  to  it  a  solution  of  baric 
hydrate,  baric  acetate  and  hydrated  baric  peroxide  are  at  once  formed  (Brodie, 
Boy.  Sac,  Proc,,  ix.  361).  ' 

Butyric  and  isov.aleric  peroxide*  have  been  prepared  in  a  similar  manner, 
and  appear  to  resemble  the  acetic  compound  in  their  properties  {ibid.,  xiL  655). 

(1763)  Acetic  Disulphidb:  (CH,C0S),.— This  compound  apparently 
bears  the  same  relation  to  thiaf*^tic  acid  that  acetic  peroxide  bears  to  acetic 
acid,  and  may  be  produced  by  the  action  of  iodine  on  metallic  salts  of  thiaoetic 
acid(Kekul^  and  Linnemann):  2CH3.COSK  + 1,  =  (CH,.COS)^  +  aKI,  or  by 
electrolysis  of  these  salts  (Bunge,  Deut.  chem,  Ges.  Ber.,  iii.  295,  911)*  e.y.  .* 
2CH,.C0SK  =  (CH,.COS)j,  +  2  K.  It  forms  large  colourless  crystals,  which  melt 
at  20°  (68^  F.),  and  are  readily  soluble  in  alcohol,  ether,  and  carbonic  bisulphide, 
but  insoluble  in  water ;  it  is  slowly  decomposed  by  cold,  and  qniokly  by  boiling 
water,  sulphur  and  thiacetic  acid  being  formed.     It  cannot  WdistiUed. 
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(1764)  Haloid  Derivatives  of  the  Acids  op  the  Acetic 
Series. — ^These  are  formed  from  the  unsubstituted  acids  by  the 
displacement  of  oue  or  more  atoms  of  hydrogen  in  the  CnHj^+j 
group  by  the  corresponding  number  of  atoms  of  chlorine,  bromine 
or  iodine.  The  chloro-  and  bromo-acids  may  be  produced  by  a 
variety  of  methods  which  are  more  or  less  general. 

1.  By  the  direct  action  of  chlorine  or  bromine  on  the  acids 
themselves ;  thus : 

CH3.COOH   +  Br,  =  CHjBr.COOH   +  HBr. 

Acetic  Mid.  Bromaoetic  add. 

2.  By  the  action  of  these  halogens  on  the  anhydrides  derived 
from  the  acids ;  e.g. : 

(CH,.CO)aO   -h   CI,  =   CH3.COCI   +   CHgCLCOOH; 

Acetic  anhydride.  Acetic  chloride.  Chloracetio  add, 

and  also  by  their  action  on  ethereal  salts  of  the  acids : 

CH3.COOC,H5  +  Br,  =  CHjBr.COOH   +  C^HgBr. 

Ethylic  acetate.  Bromaoeiic  acid. 

Probably  in  this  and  the  preceding  case^  simple  haloid  derivatives 
of  the  compound  employed  are  first  produced,  but  are  at  once 
acted  upon  by  the  haloid  acid  formed  siipultaneously : 

(CHj.CO),©   +  Br,  =  CHgBr.CO.O.CO.CHj   +   HBr; 
CHjBr.CO.O.CO.CHg  +  HBr  =  CHjBr.COOH   +   CHj.COBr. ' 

4.  By  the  combination  of  the  acids  o{  the  CnHgn^i-COOH 
and  C„H2a_3.COOH  series  (a)  with  haloid  acids,  and  (j3)  with 
halogens : 

C3H3.COOH   +  HI  =  C3H,I.C00H. 

Acrylic  acid.  lodopropionio  add. 

CjHj.COOH  +  Brg  =  CgHjBrj.COOH. 

Acrylic  add.  Dibromopropionic  acid. 

5.  By  the  action  of  haloid  acids  on  acids  of  the  lactic 
series : 

CH,(0H).CH3.C00H   +  HI  =  CHgLCH^-COOH  +  OH,. 

A'Qydroijproplonic  add.  o-Iodoproploiiic  add. 

6.  By  the  action  of  the  haloid  phosphorus  compounds  on 
acids  of  the  lactic  series,  the  acid  halide  which  is  formed  being 
subsequently  decomposed  by  watef : 

CH3.CH(OH).COOH  +  2PCl.=CH3,CHCl.COCl-haPOCl3-f2HCl; 

/l-Hydroxypropionio  acid.  /M}UoropropioDic  chloride. 

CH,.CHa.COCl  +  OHj  =  CHj.CHCl.COOH  +   HCL 

^^Merapnpionle chloride.  jJ.Chlon)proptoiiloi«l4,,|,^g^.    ([^QQ(j[g 
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7.  By  oxidation  of  haloid  derivatives  of  alcohols  of  the  ethylic 
series : 

CH,Br.CHBr.CH,.OH  +  2(0  +  0HJ  =  CH.Br.CHBr.COOH  +  2OH,. 
Bibromopropylio  alo<Atol.  Dibromopropionic  add. 

8.  By  oxidation  of  haloid  derivatives  of  aldehydes  of  the 
CnHjn +1- CO H  series: 

CClj.COH  +  (O  +  OHj^  =  CCI3.COOH  +  OHy 

THchlorethaldebyde.  Tricbloraoetic  add. 

In  their  general  properties  they  most  closely  resemble  the 
parent  acids,  although  they  are  less  stable  compounds ;  in  addi- 
tion, however,  to  what  may  be  termed  the  ordinary  reactions  of 
acids,  many  of  them — especially  the  monohaloid  acids — enter 
readily  into  reactions  of  double  decomposition,  exchanging  the 
halogen  for  other  radicles.  For  example,  when  heated  with 
water  or  the  weaker  basic  hydrates,  they  are  converted  into 
hydroxy- acids,  the  group  OH  displacing  the  halogen : 

CH3CLCOOH  +  OH2  =  CHgfOHj.COOH  +  UCl; 

Chloraoetio  add.  Hydroxyacdic  (glycoUc)  add. 

in  a  similar  manner,  by  the  action  of  ammonia,  they  are  con- 
verted into  amido-acids : 

CHjCLCOOH  +  3NH3  =  CH,(NH3).C00NH^  +  NH^CL 

Chlonoetio  aoid.  Ammonic  amidaeeUte. 

Many  of  them,  especially  those  derived  from  the  higher  homo- 
logues  of  acetic  acid  and  those  containing  several  atoms  of 
halogen,  lose  the  elements  of  one  or  more  molecules  of  haloid 
acid  when  distilled  alone,  or  heated  with  an  alkali,  and  are  con- 
verted into  acids,  or  haloid  derivatives  of  acids,  isologous  with  the 
acids  of  the  acetic  series. 

Haloid  derivatives  of  formic  acid  are  unknown,  this  acid 
being  completely  decomposed  by  chlorine  and  bromine,  but  ethe- 
real salts  of  chloroformic  add,  Cl.COOH,  and  of  cyanoformic 
acid  are  obtainable  {1788). 

(1765)  CHLOBA.CBTIC  Acids. — Acetio  acid,  even  if  beated  to  the  boiling 
point,  is  but  alowly  acted  upon  by  chlorine  in  the  dark  or  in  diffused  light ;  it 
is  more  rapidly  acted  upon  in  bright  sunshine,  and  ultimately  converted  into 
trichloracetic  acid.  The  chlorination  is  much  more  readily  effected  if  iodine 
chloride  be  employed ;  and  according  to  H.  M  uller  {Joum,  Chem.  Soc^  xvii. 
398),  the  mono-  and  dichlorinated  acid  may  even  be  advantageously  prepared  by 
passing  chlorine  into  the  boiling  acid'to  which  a  small  quantity  of  iodine  has 
been  added  (about  50  grams  to  the  ^  litre) ;  the  two  acids  are  separated  and 
purified  by  fractional  distillation.  Chloracetic  aoid  is  most  readily  obtained, 
^^^owever,  by  passing  chlorine  into  acetio  anhydride  heated  to  100°  (axa^  F.)$ 
acetic  chloride  then  distils  over,  leaving  the  almost  pure  acid  in  the  retort  (6al); 
Pure  dichloracetic  acid  is  best  prepared  from  trichlorethaldehy^drol  (chloral- 
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hydrate),  by  converting  this  compoand  into  ethylio  dichloraoetate  by  the  action 
of  potassic  cyanide  in  presence  of  alcohol ;  thus :  CC1,.CH(0H),  +  C,H^OH  + 
KCN  =  CHC1..C00C,H.  +  KCl  +  HCN  +  OH,.  A  quantity  of  the  pure  cyanide 
slightly  in  excess  of  that  indicated  by  this  equation  is  placed  in  a  flask  connected 
with  a  reversed  condenser  (provided  with  a  tube  for  the  escape  of  the  hydro- 
cyanic acid  gas)  and  covered  with  a  layer  of  absolute  alcohol ;  a  moderately  con- 
oentrated  alcoholic  solution  of  trichlorethaldehydrol  is  then  added  drop  by  drop, 
as  the  action  is  violent.  The  product  is  mixed  with  water,  and  the  oil  which 
separates  is  then  washed  with  water  and  afterwards  with  a  very  dilate  solution 
of  sodio  hydrate,  distilled  in  a  current  of  steam,  dried  and  rectified.  The  pure 
ethylic  salt  thus  obtained  is  dilated  with  about  an  equal  volume  of  alcohol  and 
mixed  with  an  alcoholic  solution  of  the  requisite  amount  of  pure  potassla 
hydrate ;  decomposition  at  once  takes  place,  and  the  liquid  becomes  filled  with  a 
mass  of  crystals  of  potassic  dichloraoetate.  These  crystals  are  dried  and  intro- 
duced into  a  combustion  tube,  placed  in  an  inclined  furnace  and  connected  at  the 
one  end  with  an  apparatus  for  evolving  hydrochloric  acid  gas  and  at  the  other 
with  a  condenser ;  on  passing  the  gas,  it  is  absorbed  and  dichloracetic  acid  is 
prodnoed.  When  the  gas  escapes  from  the  condenser,  the  decomposition  may  be 
judged  complete,  and  the  acid  is  distilled  off  in  a  slow  stream  of  hydrochloric  acid 
(WalUch,  Ann.  Chem.  Fkarm.,  clxxiii.  288 ;  Deut  chem.  Qes,  Ber.,  ix.  12 12).* 

Trichloracetic  acid  is  readily  obtained  by  adding  trichlorethaldehydrol  (chloral- 
hydrate)  to  about  three  times  its  weight  of  fuming  nitric  acid,  completing  the 
reaction  by  warming,  and  then  distilling. 

The  chloracetic  acids,  and,  indeed,  aJl  the  haloid  derivatives  of  acetic  acid,  are 
highly  caustic  substances,  causing  painAil  blisters  if  applied  to  the  skin ;  they 
are  readily  soluble  in  water,  and  are  reconverted  into  acetic  acid  by  nascent 
hydrogen. 

Chloracetic  acid  forms  rhombic  plates,  melting  at  62^  (143^*6  F.),  and  boils 
nndecomposed  at  about  186^  (366^'8  F.);  it  furnishes  a  number  of  crystalline 
metallic  salts,  amongst  others  the  silver  salt  CH,Cl.COOAg,  which  separates 
from  a  hot  aqueous  solution  on  cooling  in  coloarless  nacreous  scales.  By  boiling 
with  water,  chloracetic  acid  is  converted  into  hydroxyacetic  acid  (glycolic  acid), 
CH,(OH).COOH. 

Dichloracetic  acid  is  liquid  at  ordinary  temperatures,  but  solidifies  when 
cooled  below  o**  (32°  F.)  ;  it  boils  at  about  190"*  (374*"  F.).  Its  potassic  salt 
crystallises  in  glistening  plates. 

Trichloracetic  acid  crystallizes  in  colourless  rhombohedra,  melting  at  52^*4 
( 1 26*^-3  F.)  J  it  boils  at  about  195°  (383*  F.).  It  furnishes  a  series  of  metallic 
salt^,  which  may  be  obtained,  many  of  them  in  the  crystalline  state,  by  neutra- 
lizing a  solution  of  the  acid  with  the  corresponding  metallic  oxide  or  hydrate, 
and  then  concentrating  over  sulphuric  acid  (comp.  Clermont,  Ann,  Chim.  Phye., 
[5j,  ii.  401 ;  Judson,  Deut.  chem.  Gee.  ^er.,  iii.  782);  if  the  solution  be 
heated,  the  trichloracetate  is  decomposed,  the  corresponding  formate  and  trichloro- 
methane  being  produced. 

The  ethylio  salts  of  these  acids  boil  respectively  at  143^  (289^*4  F.),  156^ 
(312^-8  F.),  and  164''  (327*-2  R). 

Monochloracetic  chloride,  CH,CI.C0C1,  boils  at  105*  (221"  F.)  and  trichlor-^ 
acetic  chloride,  CCI3.COCI,  at  1 18"  (244°-4  F.). 


*  The  manner  in  which  this  remarkable  reaction  is  to  be  interpreted  has 
been  the  subject  of  much  discussion  (oomp.  Wallacfa,  ibid,,  x.  2 120 ;  Claus,  ilfid., 
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(i  766)  Bbomacbtic  Acids. — Mbnobromaceiic  acid :  CH^Br.COOH,  may  be 
formed  hj  the  direct  action  of  bromine  on  acetic  acid ;  by  heating  ethylic  acetate 
with  bromine  at  150°  {302'  F.)  (Crafts)  ;  by  heating  hydroryacetic  (glycolic) 
acid  with  a  saturated  solution  of  bydrobromic  acid  at  100"  (212^  F.)  (Kekol^); 
by  the  action  of  bromine  on  anhydroun  glycerol  (Barth) ;  and  by  oxidation  of 
monobromacetylene  in  moist  air  (Glockner,  Ann.  Chem.  Pharm,,  Sup.,  vii.  1 14). 
To  prepare  it,  a  mixture  of  bromine  with  twice  the  requisite  amount  of  acetic 
acid  is  enclosed  in  strong  tubes,  the  temperature  of  which  is  then  merely  raised 
to  150°  (302®  F.);*  when  sufficiently  cool,  the  tubes  are  carefully  opened  and 
their  contents  heated  in  a  retort  to  200**  (392°  F.);  the  residue  consist*  of  a 
mixture  of  the  monobromo-acid  with  a  small  quantity  of  dibromacetic  acid,  and 
may  be  purified  by  conversion  into  the  lead  salt,  &c.  (Perkin  and  Duppa, 
Joum,  Chem.  80c,,  xi.  22). 

Dibromacetic  acid :  CHBr,.COOH,  may  be  obtained  by  the  action  of  bro- 
mine in  bright  sunshine  on  heated  bromacetic  acid  {ibid,,  xii.  i),  but,  according 
to  Carius,  it  is  best  prepared  by  heating  a  mixture  of  ethylic  acetate  and  a  slight 
excess  of  bromine  in  sealed  tubes  at  120*^—130°  (248** — 266**  F.)  {DetU.chem. 
Oet.  Ber.,  iii.  336). 

Tribromacetic  acid  :  CBr,.OOOH,  is  formed  by  the  action  of  water  on  tri- 
bromaoetic  bromide. 

Bromacetic  acid  forms  deliquescent  rhombohedral  crystals,  melting  below  100^ 
(212°  F.):  it  boils  at  about  208°  (4o6'*'4  F.).  Dibromacetic  acid  is  also 
crystalline  when  pure;  it  boils  between  225°  and  230**(437''^446**  F.),  but  is 
partially  dewroposed.  Tribomacetio  acid  melts  at  135**  (275°  F.),  and  boils  at 
250*  {482°  F.)  (Gal) :  when  heated  with  alkalies,  it  yields  tribromomethane 
and  a  formate.  Mono-  and  dibromacetic  acids  furnish  a  number  of  characteristic 
salts ;  the  tribrom acetates  have  not  been  examined. 

The  bromacetic  bromides  have  been  prepared  by  heating  acetic  bromide  with 
bromine.  A  remarkable  method  of  forming  mono-  and  dibromacetic  bromides 
has  also  been  recently  described  by  Demole  (Deut.  chem.  Qe$.  Ber.^  xL 
315,  1302),  consisting  in  agitating  a-dibromethylene,  CHBrlzCHBr,  and  tri- 
bromethylene  respectively  with  dry  oxygen,  which  is  rapidly  absorbed  with 
considerable  development  of  heat.     It  may  be  supposed  that  the  corresponding 


*  Hell  and  MiUlhauser  have  recently  shown  {Deut.  chem.  Gee.  Ber.,  x.  2102; 
xi.  241)  that  when  a  mixture  of  acetic  acid,  bromine  and  carbonic  bisulphide  is 
allowed  to  stand,  prismatic  crystals  of  a  compound  of  the  formula  C^^0,6r, 
are  deposited,  which  are  not  formed  in  the  absence  of  the  bisulphide.  On  adding 
the  bisulphide  to  the  mixture  of  bromine  and  acetic  acid  heat  is  developed,  and 
if  sufficient  be  added  crystals  soon  separate,  the  rate  at  which  crystals  form  being 
apparently  strictly  proportional  to  the  amount  of  bisulphide  present ;  moreover, 
carbonic  bisulphide  not  only  induces  the  formation  of  acetic  dibromide,  but  also 
greatly  facilitates  the  formation  of  substitution  derivatives.  Although  appa- 
rently no  change  takes  place  on  heating  a  mixture  of  bromine  and  acetic  acid  at 
100^  (212°  F.)  for  about  40  hours,  after  about  45  hours  crystals  are  formed,  but 
these  are  perhaps  a  compound  of  acetic  aoid,  bromine  and  hydrobromic  acid. 
By  adding  bromine  to  a  saturated  solution  of  hydrobromic  acid  in  acetic  acid 
crystalline  compounds  of  the  formula  2C,H^0,.Br^HBr  or  4C,H^O,.3Br,.2HBr 
are  formed  according  to  the  proportion  of  bromine  used.  In  a  similar  manner 
a  crystalline  compound  of  bromine  with  acetic  and  hydrochloric  acids  may  be 
obtained,  and  crystalline  substances  are  also  produced  sooner  or  later  on  adding 
iodine,  sulphur,  phosphorus  or  ethyl  bromide  to  a  mixture  of  bromine  and  acetic 
acid.     Formic  acid  apparently  also  forms  an  additive  oompound/with  bromine. 
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oxide  18  first  formed,  bafc  is  immediately  converted  into  the  acid  bromide  by 
an  isomeric  change  perhaps  similar  to  that  by  which  ketones  of  the  form 
CnHjn  +  i.CO.C(C„Hjn  + 1)3  are  produced  from  the  glycols  of  the  form 
[C(C„H^+i),.OH],  (comp.  p.  773).  a-Chlorobromethylene,  CHClirCHBr, 
yields  a  mixtare  of  bromaoetic  chloride  and  chloracetic  bromide,  bat  monobrom^, 
tetraohlor-  and  tetrabromethylene  are  not  altered  on  agitation  with  oxygen.  The 
formation  of  trichloracetic  acid  on  exposure  of  tetrachlorethylene  in  contact  with 
water  and  chlorine  to  sunshine  (Eolbe),  and  of  trichloracetic  chloride  by  the  action 
of  sulphniio  anhydride  on  the  same  body  (Prndhomme),  may  doubtless  be 
classed  in  the  same  category  of  reactions. 

(1767)  loD ACETIC  Acids. — Jfono- and  diiodctcetic  noidM  have  been  obtained 
by  displacing  the  bromine  in  the  ethylie  salts  of  the  corresponding  bromo-acids 
by  iodine  by  double  decomposition  with  potassic  iodide,  converting ^the  ethylie 
salts  thus  prepared  into  baric  salts  by  treatment  with  baric  hydrate  solution, 
and  displacing  the  metal  in  these  latter  by  hydrogen  by  means  of  a  mineral  acid. 

They  are  both  crystalline,  and  furnish  crystalline  salts  (Perkin  and  Duppa, 
Pkil.  Mag,  [4],  xviii.  54 ;  Journ,  Chem.  80c.,  xiii.  i).  Moniodacetic  acid  is 
reduced  to  acetic  acid  by  a  concentrated  solution  of  bydriodic  acid  even  in  the 
cold  (EekuM). 

(1768)  Cyanacbtic  Acid:  CH,(CN).C00H.— This  acid  is  prepared  by 
heating  ethylie  monochloraoetate  with  an  aqueous  solution  of  potassic  cyanide. 
It  is  a  crystalline  substance  melting  at  80°  (l76°  F.).  When  heated  to  165® 
(329^  F.)  it  is  resolved  iiito  carbonic  anhydride  and  cyanomethane,CH,.ON  (Van 
t'Hoff ).     Its  ethylie  salt  boils  at  about  207°  (404^-6  F.). 

(i  769)  Haloid  dbbivatives  op  Pbopionic  Acid. — The  action  of  halogens 
on  propionic  acid  has  been  but  little  studied,  most  of  its  haloid  derivatives  having 
been  obtained  by  indirect  methods.  The  mono- derivatives  exist  in  the  two 
isomeric  modifications  represented  respectively  by  the  forraulse  CH,X.CHj.COOH 
and  CH,.CHX.COOH,  and  of  the  three  possible  dichloro-  and  dibromo-acids 
those  of  the  forms  CH,X.CHX.C(X)H  and  CH,.CX,.COOH  are  known,  but  the 
higher  derivatives  have  not  been  examined.* 

a'MonocklorO',  bromo-,  and  todopropionic  <icids  are  formed  by  the  direct 
union  of  the  correflpondiug  haloid  acids  with  acrylic  acid,  thu?  :  CH/ZlCH.COOH 
+  HCl  =  CHaCl.CH,.COOH.  The  iodo-acid  (usually  tenned  /J-iodopropionic 
acid)  may  also  be  produced  by  the  action  of  hydriodic  acid  or  phosphorus  iodide 
on  glyceric  acid:  CH,(OH).CH(OH).COOH  +  2HI  =  CHJ.CHI.COOH  +  2OH,; 
CH  J.CHI. COOH  +  HI  =  CH,I.CH,.COOH  + 1, ;  and  by  treatment  with  chlorine 
or  bromine,  the  acid  thus  prepared  may  be  converted  into  the  corresponding 
chloro'  or  bromo-acid.  They  are  all  crystalline.  The  iodo-acid  forms  large 
colourless  plates  difficultly  soluble  in  cold  water,  melting  at  83° — 84°  (i8i°*4 — 
i83**-2  F.).  The  bromo-add  melts  at  61'''$  (i42**7  F.) ;  the  chloro-acid  at 
40^5  (i04"-9  FO^ 

*  Until  recently  it  has  been  the  custom  to  employ  the  letters  a,  /9,  &c.,  merely 
to  dieting. lish  isomerides  and  without  reference  to  their  constitution,  the  com«> 
pound  first  discovered  usually  being  designated  as  the  a-body,  and  that  next  in 
order  of  discovery  as  the  /3-com pound,  but  of  late  these  letters  have  been  used 
with  some  slight  regard  to  system,  the  mono-derivatives  of  normal  primary  acids 
of  the  form  C„Hj„  +  J.CHX.COOH  being  as  a  rule  termed  a-compounds.  It 
appears  more  desirable,  however,  to  term  those  of  the  form  CHjX.(CHj)n.COOH 
a-derivatives,  as  they  belong  to  the  same  class  of  di-derivatives  of  the  normal 
paraffins  as  the  a-di-haloid  derivatives  such  as  the  dibromethane  CH^Br.CH^Br 
and  the  dibromopropane  CH,Br.CH,.CH,6r.     The  constitution  of  other  deriva- 
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l3'Chlaropropionic  acid,  which  donbtless  would  be  the  first  product  of  the 
action  of  chlorine  on  propionic  acid,  has  been  obtained  by  acting  on  ordinary 
fermentation  lactic  acid,  CH,.CH(0H).0OOH,  with  phosphoric  pentachloride  and 
tre&ting  the  resulting  chloropropionic  chloride  with  water.  The  ^-bromo-uaA 
may  be  formed  by  heating  propionic  acid  with  bromine  at  1 50°  (302^  F.),  or 
fermentation  lactic  acid  with  a  saturated  solution  of  hydrobromic  acid.  fi-Iodo^ 
propionic  acid  is  produced  in  a  similar  manner  by  the  action  of  phosphorus 
iodide  on  lactic  acid  (Wichelhaus).     These  compounds  are  all  liquid. 

Of  the  two  sets  of  isomerides,  the  a-acids  are  relatively  much  more  stable 
bodies,  and  enter  leits  readily  into  reactions  of  double  decomposition. 

Little  is  known  of  afi-diehloroprapionic  acid.  The  /9*-acid,  CH,.CCl.,COOH 
has  been  carefully  examined,  however  (Otto  and  Bcckurts,  Deut.  cAem.  Ges,  Ber., 
ix.  1876 ;  X.  2037) ;  it  is  obtained  by  heating  dichlorocyanethane,  CH,.CC1,.CN 
(formeid  by  chlorinating  propionitrile)  with  concentrated  hydrochloric  acid  or 
slightly  diluted  sulphuric  acid,  and  its  ethylic  salt  may  be  produced  by  distilling 
pyruvic  acid  with  phosphoric  pentachloride  and  treating  the  resulting  acid  chloride 
with  alcohol.  This  acid  furnishes  crystalline  salts,  which  are  readily  decomposed 
on  heating  their  aqueous  solutions,  a  metallic  chloride  and  the.  chloracrylic  acid 
CH^CCl.COOH,  being  formed,  although  the  acid  itself  is  not  appreciably 
altered  by  boiling  water.  By  the  action  of  zinc  and  sulphuric  acid  at  ordinary 
temperatures  it  is  readily  converted  into  propionic  acid.  It  is  not  acted  upon 
by  chlorine  even  in  presence  of  iodine  at  an  elevated  temperature.  It  is  crystal- 
b'ne  at  low  temperatures,  and  boils  at  about  iQc"*  (374**  F.). 

tives  is  conveniently  indicated  by  assigning  the  letter  a  to  the  terminal  OH, 
group  and  the  letters  fi,  y,  &c.  to  the  several  CH,  groups  in  the  formula  com- 
mencing with  that  next  to  the  terminal  CH,  group.     The  application  of  this 
system  will  be  best  understood  from  the  following  examples : 
a      P 

CH,.CH,.COOH      ....     Propionic  acid. 

CH,Br.CH,.COOH  ....     a-Bromopropionic  acid. 

CH,.CHBr.COOH   .     .     .     .     p- 

CHBr,.CH,.COOH  .     .     .     .     a'-Dibromopropionic  acid. 

CH,Br.CHBr.COOH     .     .     .     a-ff- 

CH,.CBr,.COOH     .     .     .     .     /S*- 

CBr,.CH,.COOH      ....     a'-Tribromopropionio  „ 

CHBr,.CHBr.COOH     .     .     .     a»./9- 

CH,Br.CBr,.COOH .     .     .     .     a-^- 

CBr,.CHBr.COOH  ....     o"-/9-Tetrabromopropionic  acid. 

CHBr,.CBr,.COOH  .     .     .     .     a'-jS*- 

But  in  the  case  of  the  higher  acids,  and  especially  of  derivatives  of  acids  other 
than  normal  primary  acids,  it  will  in  most  cases  be  desirable  to  employ  names  indi- 
cating the  relation  to  lower  terms  of  the  series :  thus,  the  two  bromobutyric  adds 

CH,.CH,.CHBr.COOH 
CH,.CBr(CH,).COOH 

are   most  conveniently  distinguished  by  terming  them  respectively  ethylbrom- 
aoetic  acid  and  dimethylbromacetic  acid ;  while  of  the  two  isomeric  acids 

CH8.CHBr.CH,.C00H 
CH,Br.0H(CH,).C00H 

the  former  may  be  designated  a-methyl-a-bromopropionic  acid,  and  the  latter 
j3-mflthyl-a-bromopropionic  acid. 
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a^Dibromopropionic  acid  is  formed  by  oombining  acrylic  acid  with  bromine ; 
by  oxidation  of  the  dibromopropylio  alcohol  prepared  by  combining  allylic  alcohol 
with  bromine ;  and  by  the  combination  of  both  a-  and  /3-bromacrylic  acid  with 
hydrobromic  acid.  ^'Dihramapropionie  acid  is  obtained  by  the  action  of 
bromine  on  propionic  acid  at  200** — 220°  (392** — 428**  F.)  (Milnder,  Caspary, 
Philippi,  Wagner  and  Tollens,  Ann.  Chem,  Pharm,,  cxlvii.  222,  240 ;  clzzi. 
314,  340).  Both  acids  furnish  crystalline  salts,  which — like  those  of  the 
diohloro-acid — are  decomposed  by  heat,  the  salts  of  the  /3'-acid,  with  the  exception 
of  the  silver  salt,  being,  however,  the  more  stable.  On  treatment  with  an 
alcohoUc  solution  of  potassic  hydroxide,  they  are  converted  into  the  isomeric 
bromacrylio  acids,  CHBrZlCH.COOH  and  CH~0Br.C06H  respectively; 
and  they  are  further  distinguished  by  their  behaviour  with  zinc  and  sulphuric 
Boid,  whereby  the  a^-acid  is  reduced  to  acrylic  acid,  whilst  the  iS'-aoid  is  converted 
into  propionic  acid.  The  a/3-acid  melts  at  about  65°  (149"^  F.),  the  /3*-acid  at 
61°  (i4i**-8  F.). 

(1770)  tiALOiD  DEBIVATIVB8  OF  HioHEB  AciDS. — We  are  almost  unac- 
quainted with  the  haloid  derivatives  of  acids  higher  in  the  series  than  propionic 
acid,  for  although  haloid  derivatives  of  several  have  been  obtained,  very  few 
have  as  yet  been  prepared  in  a  state  of  purity.  As  compared  with  acetic  add, 
the  higher  acids  are  apparently  more  readily  acted  upon  by  the  halogens;  bromine, 
for  instance,  gradually  converting  normal  butyric  and  caproic  acids  into  bromo- 
acids,  even  at  a  temperature  of  ioq°  (212^  F.).  The  normal  primary  acids,  like 
the  normal  paraffins,  appear  to  furnish  isomeric  mono-derivatives  in  proportions 
which  vary  with  the  temperature  at  which  the  reaction  takes  place;  thus, 
according  to  Erlenmeyer  {Devi,  chem.  Ges.  Ber.,  x.  636),  when  normal  butyric 
and  caproic  acids  are  digested  with  bromine  at  100  (212°  F.),  mono-bromo- 
acids  of  the  form  CnH^n  +  1.CHX.COOH  are  almost  exclusively  produced,  whereas 
when  the  action  is  effected  by  heating  to  140"^  (284^  F.)  the  product  contains  s^ 
much  larger  proportion  of  an  isomeric  bromo-acid  (oomp.  Popoff,  ibid.,  viii.  540). 
Isoprimary  valeric  acid  is  converted  into  the  bromo-acid  of  the  formula 
(CH,),CH.CHBr.COOH,  whilst  the  secondary  acid,  dimethacetic  (isobutyric)  acid, 
furnishes  dimethbromacetio  acid,  CBr(CH,),.COOH.  Hence  it  would  appear 
that  when  acids  of  the  form  R.CH^.COOH  and  R,.CH.OOOH  are  submitted  to 
the  action  of  bromine,  the  chief  tendency,  in  the  first  instance,  is  for  hydrogen 
associated  with  the  carbon  atom  with  which  the  carboxyl  is  united  to  be  displaced. 

Butyric  acid  derivatives, — According  to  Markownikoff  (Ze»<#.  Ckem.,  1868, 
621),  normal  butyric  acid  is  with  difficulty  attacked  by  chlorine  even  at  its 
boiling  point;  the  action  takes  place  much  more  readily  if  a  little  iodine  be 
added,  and  together  with  higher  chlorinated  derivatives,  a  crystallizable  ohloro* 
butyric  acid  melting  at  98°  (2o8'''4  F.)  is  produced  in  small  quantity.  The  same 
chemist  states  (^Ann,  Chem,  Pharm.,  cliii.  240)  that  by  submitting  boiling 
butyric  chloride  to  the  action  of  chlorine  in  presence  of  iodine,  a  chlorobutyrio 
chloride,  boiling  at  about  130°  (266°  F.),  is  obtained,  the  acid  prepared  from 
which  does  not  crystallize,  and  which  has  the  formula  CH,.CH,.CHC1.C00H, 
as  it  is  convertible  into  the  hydroxy-aoid  CH,.CH,.CH(OH).COOH.  Balbiano. 
however  (Gaz.  chim.  ItaL,  viii.  90),  has  recently  prepared  a  chloro-acid  by  the 
action  of  chlorine  in  sunlight  on  butyric  acid  heated  to  about  95**  (203**  F.), 
to  which  he  assigns  the  formula  CH3.CHC1.CH,.C00H  as  it  famishes  a  small 
amount  of  the  hydroxy-acid  CH,.CH(0H).CH3.C00H,  together  with  a  con- 
siderable amount  of  crystalline  crotonic  acid  on  treatment  with  baric  hydroxide 
solution ;  it  is  far  more  probable,  however,  that  his  product  ohieR y  consisted  of 
the  acid  CH^.CHj  CHCl.COOH,  mixed  with  a  small  proportion  of  the  isomeric 
Hcid  corresponding  to  the  hydroxy-aoid  obtained,  since  it  would  appear  that  the 
haloid  derivatives  of  the  form  CqH,b^.CHX.COOH  are  the  most  readily  con- 
vertible into  acids  of  the  acrylic  series.  ^  j 
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By  oxidizing  trichlorotetraldehvdrol  (1632) — so-called  croion-chloral  hydrate 
— with  nitric  acid,  a  crystalline  trichlorobutyrio  add,  C,H^Clj.COOH,  is  pro- 
duced, which  meltfl  at  44**  (iii°'2  F.)  (comp.  Ann.  Ckem.  Pkarm,,  cbzziL 
181).  The  oxidation  takes  place  with  less  facility  than  that  of  trichlorethalde- 
hydrol.  This  acid  furnishes  a  number  of  crystalline  metallic  salts,  which,  how* 
ever,  are  less  characteristic  than  the  trichloracetates ;  its  ethylic  salt  boils  at  212^ 
(413^-6  ¥.),  It  is  with  difficulty  acted  upon  by  phosphoric  pentachloride,  and 
converted  into  the  acid  chloride,  which  boils  at  about  164^(327^*2  F.)  (jQdiH>n, 
Deut  chem.  Ges.  Ber,,  iii.  785).  The  chlorocrotonic  acid,  C,H,a.COOH, 
obtained  by  reduction  of  this  acid,  combines  with  bromine,  forming  a  crystalline 
dihromochlorohutyric  acid,  C,H,ClBr,.COOH,  which  melts  at  92®  (i97'*'6  F.) 
(Sarnow). 

The  mono-bromobutyrio  acids  formed  by  the  action  of  bromine  on  normal 
butyric  acid  have  not  yet  been  prepared  in  a  pure  state  (comp.  Hell,  ibid.,  vL 
28;  vii.  560).  A  similar  mixture  to  that  obtained  from  butyric  acid  and 
bromine  is  apparently  formed  by  the  combination  of  crystalline  crotonic  add, 
CHj.CHlzCH.COOH,  with  hydrobroraic  acid  (Hemilian;  Alberti,  ibid.,  ix. 
1 194).  Both  products  furnish  crystalline  crotonic  acid  on  deoompoeition  with 
alkalies,  or  even  boiling  water. 

According  to  Schneider  and  Friedel  and  Machuca  (Ann.  Chem.  Pkarm., 
cxx.  281 ;  Suppl.  2,  70),  butyric  acid  furnishes  an  oily  dibromo-derivative  when 
heated  with  the  necessary  amount  of  bromine  at  130° — 1 5  0°  (266° — 302°  F.).  This 
acid  is  said  to  furnish  a  bromhydroxybutyric  acid  on  digestion  with  baric 
hydroxide  solution,  which  is  convertible  into  dihydroxybutyric  acid  by  the  action 
of  argentic  hydroxide  (PetriefFand  Eghis,  Deut.  chem.  Get.  Ber.,  viii.  265);  if 
this  be  the  case,  it  is  probable  that  the  bromine  atoms  are  associated  with 
different  carbon  atoms. 

According  to  Hemilian  and  Alberti  {he.  cit),  ciystalline  crotonic  add 
readily  combines  with  hydriodio  acid,  forming  a  crystalline  iodohutyric  acid  of 
the  formula  CH,.CH,.CHI.COOH,  which  melts  at  no*  (230*  F.):  a  liquid 
isomeride  is  formed  at  the  same  time. 

By  heating  dimethacetio  or  isobutyric  acid  with  bromine  at  140°  (284^  F.), 
it  is  convei-ted  into  dimethbromacetic  acid,  CBr(CHj)j.COOH,  which  separates 
from  ether  in  large  crystalline  plates  melting  at  48°  (118^*4  F.) ;  it  distils  with 
slight  decomposition  at  199^  (390^*2  F.).  Its  ethylic  salt  boils  at  160° 
(320^  F.).  By  boiling  water  it  is  converted  into  dimethhydroxyaoetic  add, 
C(OH)(CH,),.COOH,  an  alcoholic  solution  of  potassic  hydroxide  converting  it 
into  the  corresponding  dimethethoxyacetio  add,  C(OC,HJ(CH,),.C(X)H  (Mar- 
kownikoff;   Hell  and  Waldbauer,  ihid.^  x.  448). 

The  corresponding  dimethiodacetic  acid,Cl(CHj)j.COOH,  is  formed  by  com- 
bining methacrylic  acid  with  hydriodio  acid;  it  melts  at  37^  (93**6  F.). 


§  II.  Amido-  and  Hydroxy-acids  derived  from  the 
Acids  of  the  Acetic  Series. 

(1771)  Amido-acids  or  Glycines. — ^These  compounds  arc 
formed  by  the  introduction  of  the  monad  radicle  NHj  (amidogen) 
in  place  of  a  single  atom  of  hydrogen  in  the  CnHjn^.j  group  of  the 
acids  of  the  acetic  series.  Compounds  formed  by  the  introduction 
of  a  greater  number  of  NHg  groups  have  not  yet  been  obtained. 
A  number  of  them   are  products  of  the   action   of  hydrating 
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agents  on  various  albumenoid  substances ;  they  may  be  prepared 
synthetically  by  either  of  the  following  methods. 

1.  By  digesting  the  mono-haloid  derivatives  of  the  acids  of 
the  acetic  series  with  an  aqueous  or  alcoholic  solution  of  am- 
monia; thus: 

C„H,„X.COOH   +    3NH,  =  C„H,„(NH,).COONH,   +  NH,X. 
C,HJ.COOH   +   3NH,   =  C,H,  (NHJ.COONH,   +   NH,L 

lodopropionic  add.  Ammonio  anUdopropionafce. 

More  complex  compounds  formed  by  the  action  of  two  and  three 
molecules  of  the  acid  on  a  single  molecule  of  ammonia  are 
frequently  produced  simultaneously  (comp,  1773). 

2.  By  acting  on  the  amido-alcohols  formed  by  the  union  of 
the  aldehydes  of  the  CnHgn^^.COH  series  with  ammonia  (p.  720) 
with  hydrocyanic  acid,  and  digesting  the  product  with  hydro- 
chloric acid  solution.  The  amount  of  amido-acid  produced  in 
this  manner  is  not  equivalent  to  that  of  the  aldehyde  employed, 
but  always  less,  and  varies  according  to  the  conditions  of  experi- 
ment; apparently  the  amido-cyanide  resulting  from  the  action 
of  the  hydrocyanic  acid  [C„Hj„+i.CH(NH3).0H  +  HCN  = 
CnHj|o+i.CH(NHj).CN-f  OHJ  undergoes  condensation,  and  the 
amido-acid  finally  obtained  is  chiefly  derived  from  the  product 
or  products  of  condensation,  and  not  directly  formed  from  the 
amido-cyanide  by  the  simple  conversion  of  the  group  CN  into 
COOH. 

Properties, — The  glycines  are  crystalline  substances  more  or 
less  soluble  in  water.  They  either  possess  a  sweet  taste  or  are 
tasteless,  and  are  without  action  on  vegetable  colouring  matters. 
They  not  only  enter  into  reaction  with  metallic  oxides,  hydrates, 
and  carbonates  to  form  metallic  salts,  but  also  combine  directly 
with  acids  and  with  many  metallic  salts ;  and  their  alkaline  solu- 
tions dissolve  cupric  hydrate.  Judging  from  the  behaviour  of 
glycine  and  leucine,  their  aqueous  solutions  are  coloured  blood-red 
by  ferric  chloride  and  intense  blue  by  cupric  sulphate ;  they  reduce 
a  solution  of  mercurous  nitrate  slowly  in  the  cold,  but  more 
rapidly  on  heating ;  and  they  are  not  precipitated  from  neutral 
solutions  by  mercuric  salts  alone,  but  are  thrown  down  if  sodic 
carbonate  be  added  simultaneously  (Hofmeister,  Ann,  Chem. 
Pharm,,  clxxxix.  6).  They  are  not  decomposed  by  boiling  with 
aqueous  solutions  of  alkaline  hydrates.  Nitrous  acid  converts 
them  into  the  corresponding  acids  of  the  lactic  series. 

Inasmuch  as  the  glycines  are  destitute  of  acid  taste,  and  have  no  action  ou  vege* 
table  colours,  and  may  even  be  crystallized  from  alcohol  in  presrnce  of  ammonia, 
it  can  hardly  he  doubted  that  they  no  longer  contain  the  group  COOH :  in  other 
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words,  although  derived  from  haloid  compoands  of  the  form  CnH,nX.COOH, 
they  cannot  be  represented  as  constituted  on  the  same  type,  aooording  to  the 
formula  C«H,n(NH-).COOH.     Their  properties  are  accounted  for,   however, 

on  the  assumption   that  thej   are  eompounda  of  the  formula       t  I 

But  their  high  melting  points,  the  composition  of  certain  of  their  compounds  with 
acids,  and  the  circumstance  that  they  are  capable  of  uniting  t<^ether  (Hofmeiater), 
render  it  far  more  probable  that  their  molecular  weights  are  at  least  double  as 
great  as  this  formula  would  indicate ;  on  this  hypothesis  they  may  be  represented 
by  the  formula 

C^H^.NH,.O.CO 
I  h 

CO.O--«.-NH,.C.Hto 

Confirmation  of  this  view  of  the  constitution  of  the  glycines  is  a£fbrded  by  tiie 
fact  that  hippuric  or  benzamidaoetio  acid,  CH,(NH.COC,H^COOH,  exhibits  a 
marked  acid  reaction  with  vegetable  colours,  the  introduction  of  the  negative 
radicle  CO.C^H^  in  place  of  one  of  the  hydrogen  atoms  in  the  NH,  group  having 
neutralized  the  tendency  of  the  nitrogen  to  pass  to  the  pentad  condition. 

The  glycines  at  present  known  have  all  been  prepared  from  haloid  derivatives 
of  acids  of  the  acetic  series  in  which  the  halogen  is  associated  with  the  same 
carbon  atom  as  the  COOH  group,  or  with  a  oontiguous  carbon  atom.  It  may 
therefore  be  questioned  whether  the  compounds  derived  from  acids  in  which  the 
halogen  is  associated  with  a  carbon  atom  not  contiguous  to  that  united  with 
the  COOH  group  would  be  glycines  or  true  amidoi>acids ;  it  appears  probable 
that  the  former  would  be  the  ease  if,  as  above  suggested,  the  molecule  of 
the  glycines  be  derived  from  two  molecules  of  the  generating  acid. 

(1772)  Glycinb  ;*  Gljfcocine,  Glycocoll  or  AmidaceHe  Acid: 
[P]  C,H^O,  or  C^H^^K.O^.— Glycine  is  formed  by  the  action  of  hydraling 
agents  on  a  variety  of  substances  of  animal  origin,  such  as  gelatin,  hipporie 
acid  and  glyoopholio  acid,  being  most  conveniently  prepared  by  heating  hippuric 
acid  with  concentrated  hydrochloric  acid,  or  gelatin  with  a  solution  of  baric 
hydrate.  It  is  produced  on  passing  cyanogen  gas  into  a  boiling  concentrated 
solution  of  hydriodio  acid  (Emmerling,  Deui.  ehem,  Ges.  Ber.,  vL  135 1): 
NC.CN  +  6HI  +  20H,  =  ClI,(NH,I).C00H  +  2l,  +  NHJ;  by  the  action  of 
nascent  hydrogen  on  ethylie  cyanoformate  (cyanocarbonate),  CX.COOC.H^ 
(Wallach,  Ann.  Chem,  Pharm,,  clxxxiv.  13) ;  and  together  with  so-called  di- 
and  triglycolamidic  acids  on  boiling  ohloracetic  acid  with  an  aqueous  scdution  of 
ammonia. 

Qlycine  crystallizes  from  water  in  hard  transparent  monodinio  prisma, 
having  a  sweetish  taste ;  it  dissolves  in  about  4  parts  of  cold  water,  bi^t  is 
only  sparingly  soluble  in  alcohol.  It  melts  at  about  170^  (33^*  F)t  «nd 
decomposes  at  a  elightly  higher  temperature.  The  metallic  amidaoetates  formed 
by  the  action  of  the  metallic  carbonates,  hydroxides  or  oxides  on  glycine^  are 
mostly  easily  soluble ;  the  most  characteristic  is  the  copper  salt  C^H^N^O^Co  -4- 
OH,,  which  crystallizes  from  hot  solutions  in  magnificent  blue  needles.  Glycme 
forms  two  compounds  with  hydrochloric  acid,  which  may  be  represented  by  the 
following  formuiiB : 

CH,.NH..O.CO  CH..NH.CI 

♦    '  I  I  ; 

CO.OH        CE^MHJSl  COOH 

*  Formoglyeine  is  not  known,  but  metallic  and  ethereal  salts  derived  bum 
it  we  reiidily  obtained  (oon>p.  1790).  ^,^,,^^^ byGoOgk 
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and  it  also  combines  with  a  number  of  salts,  such  ai>  the  chlorides  of  potassium 
and  sodium,  forming  well  crystallized  compounds,  the  probable  nature  of  which  is 
illustrated  by  the  equation : 

CH,.NH,.O.CO  CH,.NH.C1 

I      •  •         I  +     2KCI    --=2     1*  • 

CO.O-NH,.CH,  COOK 

According  to  Hofmeister  (Ann,  Chem,  Pharm.,  olzxsix.  34),  a  solution  of 
pure  cupric  amidacetate  does  not  furnish  a  precipitate  on  the  addition  of  sodio 
hydrate,  and  on  adding  a  cupric  salt  to  an  alkaline  solution  of  glycine,  no  preci- 
pitate is  produced  until  the  copper  is  in  excess  of  the  proportion  C^H^^N^O^ :  Gu ; 
doubtless  therefore  a  definite  compound  is  formed^  such  perhaps  as  is  repre- 
sented by  the  formula : 


^    /O.NH^CH,.C00Na 
^°  \  O.NH^.0H,.CO0Na 


By  heating  an  alcoholic  solution  of  glycine  with  ethylic  iodide,  ethylic 
amidacetate  hydriodide  is  produced,  CH,(NH,I).C00C,H^;  on  treatment  with 
argentic  hydroxide,  this  yields  ethylic  amidacetate  which  decomposes  on  evapo- 
ration of  tike  aqueous  solution  (oomp^  Betains). 

(1773)  Di-  AND  Tbioltcolamidic  Acids. — As  above  stated,  these  com- 
pounds are  formed  together  with  glycine  on  boiling  chloraoetic  acid  with  an 
aqueous  solution  of  ammonia  (for  details  of  preparation,  see  Heintz,  ibid.,  cxlv.  49) . 
JDiglycolamidic  acid  crystallizes  in  large  rhombic  prisms,  somewhat  less  soluble 
in  water  than  glycine ;  it  has  a  strong  acid  taste,  and  is  capable  of  exchanging 
two  atoms  of  hydrogen  for  metals,  but  exhibits  a  marked  tendency  to  form 
mono-metaUic  salts,  and  probably  therefore  contains  only  a  single  COOH  group^ 
so  that  its  formula  may  be  written  as  follows : 

CH.NH,(CH,.C00H)  CH  NH,(CH,.C00H).0.(X) 

I     "  1  or  thus    i  I 

CO .  0  CO.O  jai,(CH^COOH)  .  CH, 

It  also  forms  crystalline  compounds  with  acids,  such  as  the  hydrochloride 
NH,Cl(CHj.C00H>4.  When  submitted  to  the  action  of  nitrous  acid,  it  yields 
nitroeodiglycolamidic  acid,  N(N0)(CH,.C00H),. 

Triglycolamidie  acid  crystallizes  in  small  hard  prisms,  which  dissoKe  with 
difficulty  in  water,  furnishing  a  strongly  acid  solution ;  when  treated  with  baric 
carbonate,  it  exchanges  only  two  atoms  of  hydrogen  for  metal,  but  forms 
trimetallic  salts  with  less  positive  metals,  so  that  its  formula  is  probably 
either 

CH,.N(CH,.C00H),       CH,.N(CH,.COOH),.O.CO 

CO.O  ^'  CO.O.N(CH,.COOHX .  CH. 

It  does  not  form  stable  compounds  with  a^ids,  although  it  is  more  sc^uble  in 
aeids  than  in  water.  Nitraus  acid  is  entir/Ql^^  withp^t  action  upon  it  (Heintz, 
ibid,j  Qxzii.  257  ;  cxxiv.  297  ;  czxxvi.  213;;;  oxxxviii^  3<:^>, 

(1774)  Hipprsic  or  Benzamidac9Ti;o  Acid  anix  Allbsd  CbKPOUHD&p 
Mippurie  wnd:  C,H,NO,  =  CH,.NH(COc;H,).COOH,- Salts  of  thia  acid  are^ 
normal  oonstituepts  of  human  urine,  although  present  in  very  small  quantity 
(*03 — *o4  percent,  of  acid), but  often  occur  in  large  quantity  in  the  urine  of  bevbivorap 
the  calcic  salt  may  be  directly  orystalUzed  out  from  concentrated  hoises"  urine,, 
and  the  acid  may  easily  be  prepared  from  horses'  or  cows'  unat*  by  evaporating 
the  urine  to  about  one-fourth  its  volume,  and  then  urndulaiing  it  with  hydro- 
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chloric  acid:  the  crude  acid  which  separates  is  dissolved  in  a  dilute  solution  of 
eodic  hydrate  and  sufficient  sodic  hypochlorite  added  to  the  hoiling  liquid  to 
render  it  colourless,  after  which  the  acid  is  again  precipitated  by  hydrochloric 
acid,  and  once  recrystallized  from  boiling  water.  It  may  be  artificially  obtained 
by  heating  glycine  with  benzoic  acid,  or  l>enzoic  chloride,  C^Hj.COCl,  with  the 
silver  or  zinc  salt  of  aniidacetic  acid,  and  is  also  formed  in  small  quantity  on 
heating  chloraceiic  acid  with  benzainide,  C^H^.CO.NH,. 

Hippuric  acid  crystallizes  in  colourless  rhombic  prisms,  melting  at  lS^°'^ 
(369®  F.),  which  dissolve  in  about  600  pts.  cold  water,  forming  a  strongly  acid 
solution.  It  furnishes  a  number  of  metallic  salts  of  the  general  formola 
C,H,MNO,,  but  does  not  combine  with  acids ;  this,  together  with  the  fact  that 
it  has  a  marked  acid  reaction,  indicates,  as  already  pointed  out,  that  it  is  a  true 
amido-acid  and  not  a  glycine,  By  the  action  of  chlorinating  and  broniinating 
agents,  a  number  of  chlorinated  and  brominated  hippuric  acids  have  been  formed; 
and  when  treated  with  concentrated  nitric  acid,  it  yields  meta-nitrohippuric  acid, 
convertible  by  reduction  into  amidohippuric  acid,  from  which  latter,  by  Ghrie»'« 
method,  hydroxyhippurio  acid  may  be  formed  (comp.  Conrad,  Jour.  pr.  Chem. 
[2],  XV.  241).  All  these  compounds  result  apparently  from  the  displacement  of 
hydrogen  atoms  in  the  C,H.  group.  By  the  action  of  hydrating  agents,  and 
especially  of  boiling  hydrochloric  acid,  hippuric  acid  is  readily  decomposed  is 
the  manner  represented  by  the  equation : 

CH,.NH(C.H,.C0).C00H  +  0H,  +  HC1  =  CH.NH.Cl.COOH  +  C,H,.CO0E 

Hippuric  acid.  Amidaeetic  iiydrochloride.        Benzoic  add. 

The  amount  of  hippuric  acid  excreted  in  the  urine  in  the  case  of  man  mach 
depends  on  the  nature  of  the  diet :  an  increase  in  the  amount  of  vegetable  con- 
sumed causes  a  more  or  less  marked  increase,  according  to  the  nature  of  the 
vegetable ;  and  in  the  case  of  the  herbivora  also  much  more  is  produced  with 
certain  kinds  of  food,  such  as  grass,  hay  and  straw,  than  with  others,  such  as 
potatoes,  swedes  and  fleshy  roots.  Moreover,  when  benzoic  acid  or  substances 
which  readily  furnish  benzoic  acid  on  oxidation,  such  as  toluene,  benzaldehyd^ 
oinnamic  and  quinic  acidK,  are  taken  internally,  they  are  excreted  in  the  uiioe 
as  hippuric  acid.  Substitution  derivatives  of  benzoic  acid,  such  as  chloro-, 
amido-,  hydroxy-,  raethoxy-  and  methylbenzoic  acid  are  in  like  manner  convert^ 
in  their  passage  through  the  system  into  the  corresponding  derivatives  of  hippaiic 
acid,  even  paranitrotoluene  un  lergoing  oxidation  and  conversion  into  paranitio* 
hippuric  acid  when  admini»tered  to  dogs  (JafT^,  Deut.  chem.  Qes.  Ber.,  vii.  1673). 
(1775)  Alanines  or  Pbopaneqlycines  :  (?)  C^H^NO,  or  C,H^^N,0^.— 
a- Alanine  is  produced  together  with  the  compound  homologous  with  diglycolamidic 
acid  on  boiling  a-iodopropionic  acid,  CH^I  CH^.COOH,  with  an  aqueous  solution 
of  ammonia,  and  crystallizes  in  colourless  rhombic  prisms  very  soluble  in  water; 
it  has  a  sweet  taste,  and  apparently  is  without  action  on  vegetable  colomi. 
Cupric  a-amidopropionate,  C,Hj,CuNjO^+  50H^,  prepared  by  boiling  a  eolutioR 
of  a-alanine  with  cupric  hydrate  crystallizes  in  large  dark-blue  rhombic 
prisms,  much  more  soluble  than  the  cupric  salt  from  /3-alanine  (Heintz.  ibii^ 
clvi.  25).  According  to  Mulder  (Deut.  chem.  Ges.  Ber.,ix.  1903),  this  alanine 
exhibits  a  slight  acid  reaction,  and  decomposes  when  heated  with  ammonia  and 
acrylic  acid. 

^'Alanine  may  be  prepared  by  digesting  the  product  of  the  action  of 
hydrocyanic  acid  on  amidoethylic  alcohol  (aldehyde-ammonia)  with  hydrochloric 
acid  (comp.  pp.  737,  738);  it  is  also  formed  on  boiling  /3-chloropropionic  add 
with  an  aqueous  or  alcoholic  solution  of  ammonia,  but  the  amount  produced  is 
extremely  small,  the  chloro-acid  chiefly  exchanging  its  chlorine  for  OH  or  OC^H, 
(Heintz,  loc.  cit).     It  crystallizes  in  tufts  of  rhombic  prisms,  and  exhibitt  tks 
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closest  resemblance  in  its  properties  to  glycine.     The  cuprio  /3-aniiaopropionate 
prepared  from  it  crystallizes  with  only  a  single  molecule  of  water. 

(1776)  TvsosiNE:  C^HjjNO,. — This  coropoond  is  a  product  of  the  action  of. 
hydrating  agents  on  various  albumenoid  substances,  and  occurs  together  with 
leucine  in  the  pancreas  and  other  parts  of  the  animal  organism,  and  also  in  cochi- 
neal and  many  of  the  lower  forms  of  animal  life.  It  is  best  prepared  from  horn 
shavings,  which  on  the  average  yield  about  4  per  cent.,  by  boiling  with 
2  pts.  sulphuric  acid  and  8  f^.  water  for  about  20  hours,  then  neutralizing  the 
solution  with  milic  of  lime,  concentrating,  and  redHering  acid  with  acetic  acid ; 
the  tyrosine  which  gradually  separates  out  is  purified  by  recrystallization  from 
alcohol  containing  ammonia. 

It  crystallizes  in  fine  glistening  needles  usuaUy  grouped  in  bundles,  soluble  in 
about  150  pts.  of  boiling  water.  It  is  characterized  by  furnishing  a  red  precipi- 
tate on  the  addition  of  a  solution  of  mercuric  nitrate  aifd  a  nitrite  or  nitrous 
acid:  this  precipitate  has  the  composition  C,H,N,0,Hg,  (Thudichum  and 
Wanklyn,  Joum.  Ghem.  800 ,  xxii.  277),  and  is  perhaps  a  nitroso-derivative. 
Like  glycine,  tyrosine  forms  crystalline  compounds  with  acids,  such  as  the  hydro- 
chloride C,Hj,NO,Cl,  and  its  alkaline  solution  has  the  property  of  dissolving 
cupric  h}drute  in  the  same  relative  proportion  as  glycine  and  leucine,  but  unlike 
glycine  it  is  capable  of  exchanging  two  atoms  of  hydrogen  for  metals  :  thus  on 
boiling  its  solution  with  cupric  hydrate,  the  cupric  derivative  (CjHj,NO,),Cu  is 
produced,  which  crystallizes  in  dark-blue  glistening  needles  soluble  in  240  pts. 
boiling  and  1230  pts.  cold  water,  but  the  baric  derivHtive  formed  by  diKSolving 
it  in  boiling  baryta  water  has  the  composition  C^H^BaNO,  +  2OH,.  Tyrosine 
does  not  enter  into  reaction  with  ethylic  iodide  at  1 00^  (212^  F.)  (Thudichum 
and  Wanklyn).  By  the  continued  action  of  chlorinating  agents,  it  is  converted 
into  tetrachloroquinone,  C^Cl^O,,  ftnd  when  fused  with  potassic  hydrate,  it  yields 
paroxybenzoic  acid,  C,H^(OH).COOH  (Burth) ;  it  is  decomposed  by  heating 
with  a  saturated  solution  of  hydriodic  acid  at  140° — 150''  (284° — 302*  F.),  its 
nitrogen  being  eliminated  as  ammonia  (Hiifner)  :  it  would  appear  therefore  that 
tyrosine  is  probably  an  oxyphenyl  derivative  either  of  a-  or  /3-alanine ;  thus : 

C.H,(OH).C.H..NH. 

co.o 

(1777)  Tbtbanbolycinbs  :  (?)  C^Hj^NO^  or  C,Hj,NgO^.--Only  one  glycine 
derived  from  butyric  acid  is  known :  it  is  formed  by  digesting  the  product  of  the 
action  of  bromine  on  butyric  acid — consisting  chiefly  of  ethylbromaoetio  acid, 
CH,.CH,.CHBr.COOH — with  an  aqueous  or  alcoholic  solution  of  ammonia;  it 
also  occurs  amongst  the  substances  obtained  on  decomposing  albumen  by  means 
of  baric  hydrate  solution  (Schiitzenberger).  It  crystallizes  in  glistening  plates 
or  tufls  of  needles,  easily  soluble  in  water,  and  like  the  other  glycines  has  a 
sweet  taste  and  Lb  without  action  on  vegetable  colours  (Schneider ;  Friedel  and 
Machuca,  ihid,,  Supp.  ii.  70). 

(1778)  Pentanbglycines:  (? )C.H^jNO^  or  Ci^H J5^,0^.— On  boating  iso- 
propylbromacetic  acid,  (CH,),CH.CHBr.COOH  (from  isoprimary  valeric  acid), 
with  ammonia  (Fittig  and  Clarke,  ibid,,  cxxxix.  200 ;  Schmidt  and  Sachtleben, 
^id.,  cxciii.  105),  a  glycine  is  produced  which  apparently  is  identical  with  the 
substance  of  the  same  formula  isolated  from  the  pancreas  of  the  ox  by  Gorup- 
Besanez  {ibid,,  cxlii.  374;  comp.  Nencki,  Joum.  pr.  Chem,  [2],  xv.  393),  and 
as  one  of  the  products  of  the  decomposition  of  albumen  by  baric  hydrate  (Schiitz- 
enberger). It  crystallizes  in  shining  plates  consibting  of  flat  monoclinic  prisms, 
and  sublimes  without  previous  fusion  when  carefully  heated  ;  it  has  no  action  on 
vegetable  colours.     On  adding  cupric  acetate  to  its  aqueous  solution,  the  liquid 
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becomes  deep  blue,  and  afler  a  time,  especially  on  warming,  eapiio  amidoisora* 
lerate  separates  in  transparent  scales. 

(1779)  Lettcines  or  Hezaneoltcikes  :  (P)  C^ITj^NO,  or  C^H^N^O^. — The 
lencinen  bear  the  same  relation  to  the  caproic  or  hexylio  acids,  C^H^^.COOH, 
that  glycine  bears  to  acetic  acid.  At  present  onlj  two  of  the  many  possible 
isomerides  have  been  artificially  prepared :  one  of  these  is  obtained  by  the  action 
of  ammonia  on  the  bromo-acid  formed  by  beating  caproic  acid  with  bromine,  and  is 
therefore  probably  derived  from  normal  butylbromacAic  acid,  G^H^^CHBr.COOH 
(HUfner,  Jowr,  pr,  Chem^  [3],  i.  6) ;  the  other  has  been  prepared  from 
the  product  of  the  action  of  hydrocyanic  add  on  the  amidoamylic  alcohol  formed 
from*  valeral  and  ammonia  (1634)  by  digesting  it  with  hydrochloric  acid  (Lim- 
pricht ;  corop.  HUfner),  and  may  therefore  have  been  a  mixture  of  two  isomerides, 
although  doubtless  principally  formed  from  the  amidoamylic  alcohol  of  the 
formula  (CH,),CH.GH,.CH(NHj.OH.  According  to  HUfner,  the  two  products 
exhibit  the  closest  similarity  in  most  orespeots,  but  the  former  is  only  about  half 
as  soluble  in  cold  water  as  the  latter. 

Leucine  is  one  of  the  chief  products  of  the  action  of  hydrating  agents  on 
many  albumenoids  and  animal  substances,  such  as  horn,  fibrin,  Ac  ;  cervical 
ligament  is  said  to  yield  from  38  to  45  per  cent,  when  decomposed  by  boiling 
with  5  pts.  of  a  mixture  of  i  pt  sulphuric  acid  and  i^  pts.  water.  It  is  beat 
purified  by  crystallization  from  alcohol  containing  ammonia,  the  last  trace  of 
colour  being  removed  by  crystallization  from  alcohol  and  water  (Hofmeister). 
Leucine  from  horn,  Ac.,  forms  soft  nacreous  scales  consisting  of  concentrically 
grouped  rhombic  prisms ;  it  is  said  to  be  tasteless,  and  to  dissolve  in  about 
27  pts.  of  cold  water.  Kencki,  however,  states  that,  by  allowing  ox- pancreas  to 
putrefy,  a  leucine  may  be  obtained  which  has  a  slightly  sweetish  taste,  and  requires 
43*6  parts  of  water  at  I4''5  (s8*-i  P.)  to  dissolve  it  (Joum.  pr.  Ckem^ 
[2],  XV.  390).  According  to  Hufner,  leucine  from  caproic  acid  dissolves  in  107*5 
pts.,  and  that  from  valeral  in  47*8  pts.  of  water  at  12^  (53**6  F.),  although  iht 
two  products  exactly  resemble  leucine  from  horn  or  fibrin  in  appearanoe,  and  fur^ 
nibh  similar  nitrates  and  cupric  salts.  From  these  few  statements  it  will  be 
evident  that  our  knowledge  of  the  leucines  is  extremely  imperfect.  The  cuprio 
amidocaproate  obtained  by  boiling  a  solution  of  pure  leucine  (from  horn)  with 
cuprio  hydrate,  is  very  difficultly  soluble  even  in  hot  water,  and  crystallizes  in 
delicate  pale  blue  scales ;  it  is  much  more  soluble  in  solutions  containing  the 
cupric  salts  derived  from  the  homologous  glycines.  Leucine,  like  glymne,  has 
the  property  of  preventing  the  precipitation  of  cuprio  hydrate  by  an  alkali,  no 
precipitate  being  formed  on  adding  cupric  sulphate  to  a  sdution  of  leucine  in 
excess  of  sodic  hydrate  until  the  proportion  C^H^N^O^ :  CnSO^  is  exceeded 
(Hofmeister). 

(1780)  OcTiNEaLTCiNEB:  (?)  Cfi^^fi^  or  Ci,H^N,0,.-Of  the  large 
number  of  glycines  to  be  derived  from  the  octylic  acids,  only  one  is  known,  viz., 
that  obtained  from  the  product  of  the  action  of  hydrocyanic  acid  on  the  amido- 
alcohol  formed  from  normal  heptaldebyde  and  ammonia  (1635). 

The  glycine  thus  prepared  crystallizes  in  nacreous  plates,  and,  like  the  other 
glycines,  when  carefully  heated  sublimes  without  melting ;  it  dissolves  in  about 
150  pts.  of  boiling  water.     It  forms  well  crystallized  compounds  with  aeida. 

Erlenmeyer  and  Sigel  {Ann.  Ckem,  Pkarm.,  clxxvi.  341 ;  dxxvii.  iii) 
have  shown  that  the  amount  of  glycine  thus  produced  is  only  equivalent  to 
from  1^  to  frds,  according  to  the  condition  of  experiment,  of  the  amount  of 
heptaldebyde  employed.  The  reasons  for  this  are  that  a  portion  of  the 
amido-cyanide  which  is  formed  bv  the  action  of  the  hydrocyanic  acid  on 
the  amiJo-alcohol  (C,H,,.CH(NH,).bH  +  HCN  =  C,H„.CH(NH,).CN  f  OH,), 
spontaneously  undergoes  decomposition  into  ammonia  and  imido*cyanide,  the 
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]atter  being  at  onoe  produced  in  large  qoantitj  if  the  action  be  allowed  to  take 
I^lace  with  too  great  violence ;  thne : 

aH^.CH.NH.  C.H^.CH.NH.CH.C,H^ 

a     •   "  I           •  -  •   "  I            I       •   "  -f   NH,. 

CN  CN        CN 

AmidocftDrTlonltrile.  Imldooaprylonitrito. 

By  boiling  this  imido-cyanide  with  a  30  per  cent,  solution  of  hydrochloric  acid 
(b.  p.  iio'^  C),  or  by  heating  it  with  40  per  cent  acid  at  los''  (221''  F.)»  it  is 
decomposed  in  the  following  manner : 

CgH„.0H.NH.0n.C,Hjj  +  30H,  +  lH01-C|H„.CH.NH,Cl+0,H„.C0H+HCN 

CN       CN  ioOfl  +NH4CI; 

but  by  digesting  it  on  the  Water  bath  with  40  per  cent  acid,  it  is  almost 
entirely  converted  into  imidooaprylimide  and  imidooaprylic  acidi 

Imidocaprylimide  CH.NH.CH        Imidocaplrylie  acid    CH.NH..CH 
III  III 

OO.NH.CO  C0*0      COOH 

and  these  compounds  are  only  decomposed  by  heating  with  40  per  cent* 
hydrochloric  acid  at  180^  (356**  F.).  The  amount  of  glycine  obtidned  there- 
fore depends  entirely  on  the  mode  in  which  the  amido-alcohol  is  acted  upon  by 
hydrocyanic  add  and  in  which  the  product  is  treated  With  hydrochloric  acid. 

(1781)     HydROXT-ACIDS    derived    FROM     THE     AciDS    OF    THE 

Acetic  Series. — By  the  displacement  of  one  or  more  atoms  of 
hydrogen  in  the  C„H3q^i  radicle  of  the  acids  of  the  acetic  series 
by  the  group  OH  a  series  of  hydroxy^acids  of  the  general  for- 
mula CaH(2n+i.„)(0H)a.C00H  are  obtained,  which  obviously 
may  be  regarded  as  related  to  the  alcohols  of  the  form 
^nH(8D-i-i^in)(0H)gB  in  precisely  thci  same  manner  that  the  acids 
of  the  acetic  series  are  related  to  the  paraffins.  A  considerable 
number  of  monhydroxy-acids-=^o-dalled  acids  of  the  lactic  series 
— ^have  been  obtained>  but  at  present  rery  few  containing  a 
fO^eater  number  of  hydroxyl  groups  are  known,  and  most  of  these 
have  been  produced  by  oxidation  of  polyhydric  alcohols  such  as 
glycerol  and  erythrol.  The  highest  value  for  m  in  the  above 
formula  yet  observed  is  5,  this  being  realised  in  the  case  of 
gluconic  acid  and  its  isomeridesi  0^11^(011)^.00011. 

The  hydroxy-acida  are  much  less  stable  oompounds  than  the 
parent  acids,  most  of  them  decomposing  when  distilled,  and  being 
readily  oxidized;  they  are  for  the  most  part  easily  soluble  in 
water.  Those  in  which  more  than  one  hydroxyl  group  is  asso- 
ciated with  a  single  carbon  atom,  like  the  corresponding  car- 
binds  (comp.  1491)^  are  only  capable  of  existing  under  certain 
favourable  conditions  and  cannot  be  isolated,  although  they  may 
furnish  perfectly  stable  derivatives. 
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The  behaviour  of  these  hydroxy-acids  may  be  at  onoe  pictured  if  it  be  remem- 
bered that  they  are  derivatives  both  of  the  acids  of  the  acetic  series  and  of  the 
alcohols  (carbiuols)  derived  from  the  paraffins.  Thus,  like  the  acids  of  the  acetic 
series,  they  exchange  the  hydrogen  of  the  COOH  group  for  metals  when  acted 
upon  by  metallic  oxides,  hydroxides  and  carbonates,  but  like  the  carbinols  they 
do  not  furnish  metallic  derivatives  stable  in  presence  of  water  by  the  exchange 
for  metals  of  hydrogen  in  the  OH  groups  associated  with  the  hydrocarbon 
radicle,  although  the  hydrogen  in  these  groups  may  be  displaced  by  the  more 
positive  metals  such  as  sodium  by  acting  with  the  metal  itself  on  the  ethereal 
salts  formed  by  the  introduction  of  hydrocarbon  radicles  in  place  of  the  hydrogen 
in  the  COOH  group ;  the  compounds  thus  formed,  however,  like  the  analogous 
metallic  derivatives  of  the  carbinols,  are  decomposed  by  water  and  the  metai 
displaced  by  hydrogen.  Again,  by  the  introduction  of  positive  hydrocarbon 
radicles  such  as  ethyl,  C,H^,  or  of  negative  radicles  such  as  acetyl,  C,H,0,  in 
place  either  of  the  hydrogen  in  the  COOH  group  or  of  that  in  the  OH  groups 
associated  with  the  hydrocarbon  i*adicle,  compounds  are  obtained  which  manifest 
the  closest  resemblance  to  those  derived  in  a  similar  manner  from  the  acids  of 
the  acetic  series  and  the  carbinols  respectively.  Thus  the  ethereal  salta  of  the 
form  CnH,n(OH).COOCn,Hjn,  ^  1,  which  may  be  prepared  by  the  action  of  the 
carbinols  on  the  bydroxy-acids  in  presence  of  hydrochloric  acid,  like  those  pro- 
duced in  a  similar  manner  from  the  acids  of  the  acetic  series,  are  but  veiy 
slightly  affected  by  mere  contact  with  cold  water,  although  without  difficulty 
decomposed  by  heating  with  water,  especially  in  presence  of  an  alkali  or  acid ; 
the  derivatives  of  the  form  CaH,„(O.C„Hto  +  i).COOH  (etheric  acidt),  however, 
like  the  ethers  formed  by  displacing  the  hydrogen  in  the  OH  group  of  the 
carbinols  by  hydrocarbon  radicles,  are  scarcely  affected  even  when  heated  with 
alkalies.  On  the  other  hand,  the  compounds  formed  by  the  introduction  of 
negative  radicles  such  as  acetyl  in  place  of  the  hydrogen  of  the  COOH  group 
behave  just  as  the  acid  anhydrides  (1758),  and  are  at  once  decompoaed 
when  brought  into  contact  with  cold  water ;  whereas,  if  acetyl  be  introduced  in 
place  of  the  hydrogen  of  the  hydroxy  1  groups  associated  wiUi  the  hydrocarbon 
radicle,  compounds  are  obtained  which  resemble  the  ethereal  salts  formed  by 
similarly  displacing  the  hydrogen  in  the  OH  groups  of  carbinols,  being  only 
slowly,  if  at  all,  acted  upon  by  cold  water.  Further  illustration  of  the  double 
relationship  of  the  hydroxy-acids  is  afforded  by  their  behaviour  with  the  haloid 
acids  arid  haloid  phosphorus  compounds.  When  submitted  to  the  action  of  the 
former,  they  exchange  the  OH  groups  associated  with  the  hydrocarbon  radicle 
for  the  equivalent  amount  of  halogen,  the  hydroxyl  present  in  the  form  of 
carboxyl  remaining  intact;  when  acted  upon  by  the  latter,  however,  all  the 
hydroxyl  groups  present  are  displaced,  but  on  bringing  the  compounds  thus 
foimed  into  contact  with  water  the  halogen  which  has  displaced  the  OH  group 
present  as  CO.OH  is  at  once  exchanged  for  hydroxyl. 

In  consequence  of  the  similarity  in  the  behaviour  of  the  hydroxyl  in  hydroxy- 
acids  which  is  directly  associated  with  the  hydrocarbon  radicle  of  the  acid,  and 
of  tlie  hydroxyl  in  oarbinob,  the  OH  groups  present  in  this  condition  in  the 
hydi'oxy-acids  generally  are  frequently  spoken  of  as  "  alcoholic"  hydroxyl  groups. 
The  number  of  alcoholic  hydroxyl  groups  contained  in  a  given  acid  may  be 
ascertained  by  submitting  it  to  the  action  of  bodies  such  as  acetic  chloride  or 
anhydride  employed  in  excess,  washing  the  product  with  water,  and  then  asoer- 
tiiining  by  analysis  how  many  times  the  acetyl  group  is  contained  in  the  new 
substance;  as  above  explained,  the  compound  formed  by  the  displacement  of  the 
hydrogen  of  the  caiboxyl  grou^  by  acetyl  is  decomposed  by  mere  contact  with 
water,  so  that  the  number  of  acetyl  groups  contained  in  the  product  is  equal  to 
the  number  of  alcoholic  hydroxyl  groups  in  the  parent  acid. 
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monbydeoxy-acids  derived  from  the  acids  of  the    acetic 
Series  :  Acids  of  the  Lactic  Series. 

(178:2)  The  following  acids  of  this  series  are  known  . 

CH^O,      Hydroxyformio  or  carbonic  acid  .     ,  HO.COOH 

C,H,0,     Hydroxjaceticorglycolicacid     .     .  CH,(OH).COOH 
a-Hydroxypropionic  or  ethylenelactic 

acid CH,(OH).CH,.COOH 

'  /3- Hydroxy  propionic  or    ethylidene- 

.     lactic  acid CH,.CH(OH).COOH    - 

/a-Hydroxybutyric  acid     ....  CH,(OH).CH,.CH,.COOH 

3-Hydroxybutyric  acid     ....  CH,.CH{OH).CH,.COOH 

-  y-Hydroxybatyrio  acid     ....  CH,.CH,.CH(OH).COOH 
Dimethbydroxyacetic  or  bydroxy-iso- 

,     butyric  acid (CH,),.C(OH).COOH 

f  Isoprophydroxyacetic  acid      .     .     .  (CH,),CH.CH(OH).COOH 

C.H^^ojMethethhydroxyacetioacid     .     .     .  CH,.C(C,Hj(OH).COOH 

I  y-Meth-/3.hydroxy butyric  acid    .     .  CH3.CH(0H).CH(CH,).C00H 

/  Hydroxycaproic  or  leucic  acid     .     .  P  C^H,«.CH(OH).COOH 

C,H„0J  Diethhydroxyacetic  acid    ....  (C,H,)^C(OH).COOH 

I y-Etb-j3-bydroxy butyric  acid      .     .  CH,.CH(OH).CH(C,HJ.COOH 

/Isoamyibydroxyacetic  acid      .     .     .  C,H„.CH(OH).0OOH 

^T^xA  I  y«.Metbeth-3-hydroxybutyrio  acid   .     CH3,CH(0H).C  | ^  g*  \  .COOH 

Heiylbydroxyaceticacid    ....  C,H,,«.CH(OH).c6oH 

DiiBOpropylhydroxyacetic  acid     .     .  (C,H,)/.C(OH).COOH 

y-Dietb-/»-hydroxybutyricacid    .     .  CH3.CH(0HVC(C,H.),.C00H 

Diisoamylbydroxyacetic  acid  .     .     .  (C,HJ,.C(OH).COOH 

(1783)  Formation. — Acids  of  the  lactic  series  have  been 
prepared  by  the  following  methods^  which  all  appear  to  be  of 
more  or  less  general  application. 

1.  By  the  direct  oxidation  of  the  corresponding  acids  of  the 
acetic  series,  as  in  the  formation  of  the  first  term  (comp.  1.807 , 1 808) : 

H.COOH   +    (O   +   OH,)    =    HO.COOH   +    OH^ 

Formio  add.  Carbooic  acid. 

2.  By  the  action  of  water  either  alone  or  in  presence  of 
metallic  hydroxides  on  the  monohaloid  derivatives  of  the  acids 
of  the  acetic  series  : 

CnH,„X.COOH   +   OH. 
CH,CLCOOH   + 

Monochloracetic  add. 

The  various  isomeric  and  homologous  haloid  acids  differ  greatly  in  their  behaviour 
under  these  circumstancesy  however,  some  being  readily  converted  into  the  cor- 
responding hydroxy-acids,  while  others  are  deprived  of  the  elements  of  a  molecule 
of  haloid  acid,  and  thus  furnish  an  acid  of  the  CqH,q_^.COOH  or  acrylic  series, 
just  as  the  monohaloid  derivatives  of  the  paraffins  are  in  some  cases  converted 
into  the  corresponding  alcohol,  and  in  others  into  hydrocarbons  of  the  olefine 
series  by  the  action  of  water  or  metallic  hydroxides. 
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-t  =   C„H,„(0H).C00H  +  HX. 
OH.   =    CH,(0H).C00H    +H01. 

Uydrozjacetic  acid. 
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CorrespondiDg  *'  etheric  acids'*  are  frequently  produced  by 
the  employment  of  an  alcoholic  solution  of  potassic  hydroxide : 

CBr(CH,),.COOH  +  aC,H..OK  =  C(CH,),(OC,H,).COOK  +  KBr  +  C,H,.OH ; 

DlmethbromaoeClo  idd.  PotMiic  dimethetlioxjacetete. 

and^  similarly^  by  the  action  of  compounds  such  as  potassic 
thiohydrate,  KSH^  and  thioethylate,  ESC^H^^  analogous  thio- 
acids  are  obtained. 

3.  By  the  action  of  nitrous  acid  on  the  glycines  (1771)  ;  thus : 

I      '         •      I  +     2HNO,    =     21*-' 

CO.O.NH,.CH,  CO.OH 

OlyciBe.  Amidacetic  nitrite. 

CH,JIH,(NOJ       CIL(OH) 
COOH  COOH  " 

4.  By  oxidation  of  the  glycols  of  the  form  C.Hj„(OH).CH,(OH) 
by  dilute  nitric  acid  or  free  oxygen  in  presence  of  platinum  black  : 

C„H,„(OH).CH,(OH)  +  2(0   +   OH.)   =   C„H,„(OH).COOH     +   3OH,. 
CH,.CH(OH).CH,(OH)+  2(0  +    OH.)   =   CH,.CH(OH).COOH  +   3OH, 

Propyleneglyool.  Lactio  add. 

5.  By  combining  the  aldehydes  of  the  form  C^Hsa+i-COH  and 
the  ketones  of  the  form  (CnH3n^.i)3CO  with  hydrocyanic  acid,  and 
digesting  the  residting  hydroxycyanides  with  hydrochloric  acid  : 

CnH,.  +  ^.COH   +  HON   =   C„H.„+j.CH(OH).CN; 
CnH,„+  ,,CH(OH).CN  +  2OH,  +  HCl  =  C„H,„  +^.CH(OH).COQH  +  NH^a 

CH,.COH   +    HON   =   CH,.CH(OH).CN 
SChaldelurdt.  Cyaoethyllc  aloohol. 

CH,.CH(OH).CN   +    20H,  +  HC1  =   CH,.CH(OH).COOH   +  KH^a  , 

CyantthyUe  aloohoL  Lactic  add. 

(C„H„+.).00  *   HCN  =   (C.H^  +  ,).C(OH).C!N, 
(C.H,„  +  ,),CH(OH).CN  +  aOH,  +  HCl  =  (C.H,.  +  ,),C(OH).COOH  +  TUSp 

(CHJ.CO   +   HCN   -   (CH,),C(OH).CNj 

DimethrlkabaM.  CjuwdimethTlntUoaL 

(CH[,),C(OH).CN   +  2OH,  +  HG  -    (CH.).C(OH).COOH   +  NH,a 

Qyaaodimethylcarbinol.  Dimethhydroxyaoetfc  add. 

6.  By  the  actiou  of  nascent  hydrogen  ou  ketouic  acids  of 
the  form  C^Hj^^^iO.COOH : 

CnH,„+,.CO.C„H,„.CXX)H   ^^    aH   •   C„H.„  +  ..CH(OH).C.H^.COOH. 

CH,.CO.COOH   +    iH   »   CH,.CH(OH).COOH. 

AoetoaoeUo  add*  Metbbydroxyacetic  add. 

7.  By  the  action  of  the  zinc  organo^metallic  compounds  on 
etiiereal  salts  of  oxalic  acid,  the  product  being  treated  with  water. 

Fnnklaad  and  Pnppa,  by  whom  this  important  method  was  diaooTtndy 
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represented  the  reaction  by  equations  of  the  following  form  (PAi7.  Tram.,  1866, 
P-3I3)- 

CO.OOnH,^  + 1  ^  7  ,n  u  \        C(CmH,„  +  ,),(OZnC„H^  +  »>  ^  7    f  ^"^«  +  ' 

CO.OOnH^  +  ,  GO.OCnH,n  + ,  I  OCbH^  +  , 

C(C„H,„  +  ,)3(0ZnC„H,„  + ,)  C((^H.    +  ,),.0H 

(icOO^H,^.  "^^^^-(lo.OC„H^+.       +C„H^+.  +  Zn(OH,.. 

It  may  be  suggeated,  however,  that  the  reaction  more  probably  takes  place  in 
such  a  manner  that  in  the  first  instance  one  of  the  OOnH^  ^  ^  groups  of  the 
oxalate  is  displaced  by  the  radicle  of  the  sine  compound,  thus : 

and  that  the  product  of  this  reaction  then  enters  into  reaction  with  a  second 
molecule  of  the  zinc  compound : 

CO.OC„H,„+^  CO.OCnH,„+, 

It  may  be  that  the  order  in  which  these  reaciions  occur  is  the  reverse  of  that 
here  supposed,  or  they  may  even  occur  simultaneously  (comp.  1810).     The  sub- 
sequent action  of  water  is  expressed  by  the  equation : 
cf^mKm  +  X        V   TT  C(C„H,„  +  ,),.0H 

>ZncX  +  /»^«»  +  «^.20H.-  I  +Zn(OH).  +  C„H^,, 

It  is  not  necessary  to  prepare  the  sine  compound,  but  the  oxalate  may  be  at 
once  brought  into  contact  with  zinc  and  the  iodide  of  the  radicle  which  it  is 
required  to  introduce ;  and  even  a  mixture  of  two  iodides  may  be  employed, 

ethereal  salts  of  acids  of  the  form  ^  (c^h"  ^  *  /^^  ^^^  ^^^^  produced. 

COOH  ' 

(1784)  Properties. — ^Allusion  has  already  been  maide  to  some 
of  the  properties  of  these  acids^  and  the  following  need  here  only 
be  mentioned. 

I.  The  majority  of  the  acids  of  the  lactic  series  cannot  be 
distilled  anchanged,  but  the  nature  of  the  change  which  they 
undergo  depends  on  their  constitution.  For  example^  when 
hydroxyacetic  or  glycolic  acid  is  heated  on  the  water  bath,  it  is 
gradually  converted  into  dehydroglycolic  acid  : 

CH..OH        COOH  CH,.O.CO 

I  +    I  =.    I  I  +   OH., 

COOH  CH,.OH        COOHCH,.OH 

and  on  continued  heating,  this  compound  loses  the  elements  of  a 
molecule  of  water  and  is  converted  into  the  "  etheric-anhydride'' 
'  glycolide : 

CH,.O.CO  CH,.O.CO 

II  =.    I  I        +   OH., 

C00HCH..OH         CO.0.CH,  -  p 
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Methyl-,  ethyl-  and  isopropyl-hydroxyacetic  acids  behave 
in  a  similar  manner,  but  dimethhydroxyacetic  acid^ 
(CH3)2C(OH).COOH,  may  be  distilled  unchanged.  a-Hydroxy- 
propionic  (hydracrylic)  acid,  the  isomeride  of  methylhydroxy- 
acetic  or  lactic  acid,  however,  yields  acrylic  acid  on  distillation : 
CH,(0H).CH8.C00H  =  CR— CH.COOH  +  OH,;  and  the 
homologous  acids  of  the  form  R'.CH(OH).CH5.CbOH, 
CH,(OH).CH(R0.COOH  and  R'.CH(OH).CH(R0.COOH  in  like 
manner  furnish  the  corresponding  homologues  of  acrylic  acid. 
A  third  mode  of  decomposition  is  illustrated  by  the  conver- 
sion of  y-diethyl-/3-hydroxybutyric  acid  into  diethacetic  acid  and 
ethaldehyde : 

CH,.CH(OH).C(C,H,),.COOH   =   CH,.COH   +   CH(C;HJ,.C00H. 

2.  When  heated  with  a  concentrated  aqueous  solution  of 
hydriodic  acid,  they  are  converted  into  the  corresponding  acids 
of  the  acetic  series,  the  reaction  doubtless  taking  place  in  two 
stages,  thus  : 

CH,.CH(0H).C0bH   +   HI   =   CH,.CH1.C00H    +   OH,; 

Laetio  Aoid.  lodopropionio  acid. 

CH  .CHLCOOH   +   HI   =   CH,.CH  .COOH   +    I,. 

lodopropionio  add.  PropIoDic  acid. 

3.  They  are  readily  oxidized,  especially  by  a  mixture  of  potassic 
dichromate  and  diluted  sulphuric  acid.  From  the  results  hitherto 
obtained  it  would  appear  that  in  most  cases  they  behave  as  the 
corresponding  carbinols,  those  which  contain  the  group  CH2.(0H) 
furnishing  the  corresponding  dibasic  acids  owing  to  the  con- 
version of  this  group  into  COOH  (comp.  p.  886)  ;  while  those  con- 
taining the  group  CH.(OH)  are  first  converted  into  dihydroxy- 
acids  which  at  once  undergo  oxidation  to  products  containing 
fewer  carbon  atoms,  thus  : 

*^"?00k}cH.0H   +   (0  +   OHJ   =   ^"^^)C(0H).  +   OH.; 

*^'cO0h1c(0H).   +   (0   +    OHJ   =   C.H„+,.C(OH),   +   HO.COOH; 

those    containing   the  group  C(OH)  being  acted  upon  in  the 
following  manner : 

cfcJcCOH)  .  (0  .   OH.)  =   cfci"^^^)'  *  ^^•^^- 
COOH  J 

(J785)  Hydroxypormic  or  Carbonic  Acid:  H2C0j=C0(0H),. 

— The  preparation  and  properties  of  this  acid  need  not  here  be 

described. 

(1786)  Metallic  and  Ethereal   Ca;'&ona^e«.^ Although  itself  extremely 
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uufttable,  carbonic  acid  furniflheii  many  stable  metallic  and  ethereal  salts ;  but  unlike 
all  the  other  aoids  of  the  lactic  series,  it  behaves  as  a  dibasic  acid,  exchanging  with 
equal  facility  both  atoms  of  hydrogen  for  the  eqaivalent  amount  of  m^l ;  this 
behaviour,  however,  ia  perfectly  in  accordance  with  its  constitution,  since  both 
the  hydroxy  1  groups  which  it  contains  are,  it  must  be  supposed,  directly  asso- 
ciated with  the  negative  radicle  CO,  whereas  in  the  homologous  acids,  which  are 
represented  by  the  general  formula  CBH,n(OH).COOH,  only  one  of  the  OH 
groups  is  directly  influenced  by  the  CO  group,  the  other  being  associated  with  a 
positive  hydrocarbon  radicle. 

Acid  metallic  carbonates  of  the  form  HM'CO^  normal  carbonates  of  the 
form  M'yCO,,  and  a  number  of  so-called  basic  carbonates  are  known.  The  basic 
carbonates  may  be  viewed  in  two  ways :  either  as  formed  by  the  partial  dis- 
placement of  the  hydrogen  in  the  hydroxides  of  polyvalent  metals  by  the  radicle 
CO;  or  as  derivatives  of  so-called  orthocarhonic  acid,*  C(OU)^.  Thus  mala- 
chite, H  Cu^CO^,  may  be  represented  either  as  a  basic  carbonate  of  the  formula 
(HO.Cu/^COg,  or  as  cupric  orthocarbonate  with  a  single  molecule  of  water  of 
crystallization,  Cu,CO^  +  OH, ;  both  classes  of  compounds  probably  exist,  and 
there  are  also  carbonateM  which  may  be  regarded  as  salts  of  polycarbonic  acids  of 
the  forms  arH,CO,-  ^H,  and  a?H^CO^-^OH,.  The  acid  metallic  carbonates 
are  readily  decomposed  into  normal  carbonate,  carbonic  anhydride  and  water ; 
the  normfd  carbonates  of  t.he  more  positive  metals  such  as  potassium,  sodium, 
and  barium  withstand  very  high  temperatures,  but  those  containing  less  positive 
metals  are  more  or  less  readily  decomposed  by  heat. 

Acid  ethereal  salts  of  carbonic  acid  do  not  exist,  but  metallic  ethereal  carbo- 
nates are  formed  by  the  direct  union  of  carbonic  anhydride  with  the  metallic  deriva- 
tives of  the  monhydric  carbinols,  thus :  CO,  +  NaOCnH^n  ^  ^  =  CO,Na.CnH,„*^.  ^ ; 
and  by  the  action  of  the  hydroxides  of  the  more  positive  metals  on  the  normal 
ethereal  carbonates  in  accordance  with  the  equation :  CO,(CnH,n  +  J,  +  KOH  = 
CO,K.CnH,n  4.  J  4-  CnHjn  ^  ^  OH.  These  salts  are  readily  decomposed  by  water, 
yielding  the  corresponding  alcohol  and  acid  metallic  carbonate. 

Normal  ethereal  carbonates  may  be  produced  in  a  variety  of  ways,  amongst 
others  by  the  action  of  compounds  such  as  ethylic  iodide  on  argentic  carbonate 
or  the  metallic  ethereal  carbonates,  the  latter  method  being  available  for  the 
preparation  of  mixed  saltA ;  and  by  the  action  of  carbonic  chloride,  COCl,,  on 
the  alcohols  or  their  sodium  derivatives.  The  following  may  be  quoted  as 
examples : 

Ethylic  carbonate :  (C,H^),C(>,. — ^This  compound  is  formed  in  considerable 
quantity  as  a  bye-product  in  the  preparation  of  ethylic  oxalate  from  alcohol  and 
oxalic  acid,  and  may  also  be  prepared  by  the  action  of  sodium  or  sodic  ethylate 
on  ethylic  oxalate  (q.  v.).     It  is  a  mobile,  colourless  liquid  of  pleasant  ethereal 


*  Orthocarhonic  acid  belongs  to  the  class  of  "  acidhydrols"  (foot-note,  p.  823), 
bearing  the  same  relation  to  carbonic  acid  that  orthoformic  acid  bears  to  formic 
acid.  Its  ethylic  derivative  C(OC,HJ^,  is  a  perfectly  stable  compound,  boiling 
without  the  slightest  change  at  about  160^  (316*^*4  F.) ;  it  is  obtained  by 
digesting  trichloronitromethane  (chlorupicrin)  with  an  alcoholic  solution  of  sodic 
ethylate  (Hassett).  Orthocarhonic  acid  may  be  regarded  as  the  last  term  in  the 
series  of  hydroxides  formed  by  the  gradual  oxidation  of  methane ;  thus : 


H         (OH  (OH 

IH  ^lOH 

|H  ^]H 

Ih  Ih 


(OH        ( 

H 
UI 


OH 
OH 
OH 
H 


OH 
OH 
OH 
OH 


Methane.  Methylic  Methaldebydiol.  Orthoformio  Ortbocarbonit 

alcohol.  acid.  ^^  acid. 
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odour,  boilmg  at  126^  (258*''8  F.),  almost  insoluble  in   water,  but   siowlj 
deoompoeed  when  left  in  contact  with  it,  and  rapidly  decomposed  by  alkalies. 

Fhenylio  carbonate :  (C^HJ^CO,,  is  obtained  together  with  the  efalovo- 
carbonate  ClCO.OC^H^on  heating  phenol  with  carbonic  chloride  in  sealed  tabes  at 
about  150*  (302°  P*);  it  is  a  crystalline  body,  melting  at  78°  (i72°-4  F.) 
(Kempf,  Jour.pr.  Ckam,  [2],  i.  405). 

(1787)  COMPOUKDB    FOBMBD    BT     THB    DiSPLACBMBNT    OF    OKS  OF  TAB 

OH  Gboupb  IN  Cabbonic  AciD.-*-By  the  displacement  of  one  of  the  OU 
groups  in  carbonic  acid  by  radicles  such  as  CI,  CN,  and  NH,,  compounds  are 
obtained,  which  are,  in  reality,  substitution  derivatiyes  of  formic  acid,  but  thej 
are  perhaps  more  conveniently  considered  in  connexion  with  carbonic  acid. 

(1788)  Ethbbbal  CHL0B0CABB019ATB8. — These  compounds  are  formed  bj 
the  action  of  carbonic  chloride  on  the  alcohols  in  accordance  with  the  equation : 
COCl,  +  HOR'  =s  C1C0,0B'  -f  HCl.  They  are  colourless,  pungent  smelUng  liquid*., 
which  decompose  in  contact  with  water. 

Ethjflic  chloroformate  {chloroearbon<Ue) :  ClCO.OC,Hj :  is  obtuned  by 
passing  carbonic  chloride  into  anhydrous  alcohol ;  the  product  is  rapidly  washed 
with  cold  water,  dried  over  calcic  chloride,  and  the  chloroformate  separated  from 
the  ethylic  carbonate  which  is  simultaneously  produced  in  small  quantity  hj 
fractional  distillation.  It  is  a  colourless  mobile  liquid  of  sp,  gr.  1*139  at  15° 
(59^  F.),  which  boils  unchanged  at  94°  (201^*2  F.);  its  vapour  has  a  most 
irritating  effect  on  the  eyes  and  nose.  When  heated  to  a  temperature  of  about 
150°  (302^  F.),  it  is  decomposed  into  carbonic  anhydride  and  monochlorethane ; 
and  metallic  sodium  causes  iU  conversion  into  ethylic  carbonate :  2G1C0.0C,H^  + 
2Na  =  CO(OC,H,),  +  CO  +  2NaCl ;  hence  it  is  of  little  service  in  effecting  the 
introduction  of  the  group  COOC^^  into  hydrogenized  carbon  compounds  (Wilm 
and  Wischira,  Ann.  Chem.  Fkctrm,,  cxlvii.  150). 

Little  is  known  of  the  homologaes  of  ethylic  chloroformate.  The  methylie 
derivative  is  probably  one  of  the  products  of  the  action  of  chlorine  on  methylie 
formate  (Henry,  Deut,  ohem,  Ges,  Ber,,  vi.  742).  The  higher  homologuea 
appear  to  be  very  unstable  bodies',  since  both  isobutylic  and  isamylic  chloro- 
formate are  decomposed  on  distillation ;  they  are  also  very  readily  decomposed 
by  water,  and  converted  into  the  corresponding  carbonates,  thus  :  C1.C00C  H  ^  + 
OH,  =  HO.COOC.H,  +  HCl ;  2H0.C00,H,  =  CO(OC,H,),  +  CO,  +  OH,.*    * 

(1789)  Ethylic  Cyanofobmatb  (Cyanocabbonate):  NCCOOC^H^,  was 
first  obtained  by  distilling  ethylic  oxamate  with  phosphoric  anhydride  (Weddige) : 
P,0.  +  CO(NH,).C0OC,H,  =  NC.CO0C,H.  +  ,HPO,;  according  to  WalUch 
{Ann,  Chem.  Thcurm.y  clxxziv.  7),  it  is  best  prepared  by  the  action  of  phospho- 
ric pentachloride :  CO(NH,).COOC,H.  +  PCI,  =  CC1,(NH^.C00C,H.  +  POCl  ; 
CC1,(NH,).C00C,H,  =  2HCI  +  CN.COOC,H,.  Ethylic  cyanoformate  is  a  mobfle 
colourless  liquid,  having  an  ethereal  but  pungent  odour;  it  boils  at  11 6** 
(240^*8  F.)  It  slowly  decomposes  in  contact  with  cold  water,  and  rapidly  on 
heating,  into  alcohol,  hydrocyanic  acid,  and  carbonic  anhydride :  alkalies  have 
a  similar  action ;  if  left  in  contact  with  concentrated  hydrochloric  acid,  however, 
it  is  entirely  converted  into  oxalic  acid,  alcohol,  and  ammonic  chloride.  It  is 
very  readily  acted  upon  by  ammonia  and  converted  into  ethylic  amidoformate 
(urethane),  NH,.COOC,H,,  and  ammonic  cyanide ;  substituted  amines  have  a 
similar  action.  It  combines  directly  with  hydric  sulphide,  forming  thepompound 
CS(NH,).COOC,Hj.  If  heated  with  a  small  quantity  of  bromine  at  a  tempera- 
ture not  exceeding  1 20°  (248°  F.),  it  undergoes  a  remarkable  change,  being 
converted  into  a  crystalline  polymeride.  It  undergoes  a  similar  change  slowly 
at  ordinary  temperatures,  and  more  rapidly  on  heating,  if  saturated  with  hydro- 
chloric acid  gas.  This  polymeride  crystallizes  in  well-developed  six-sided 
prisms,  difficultly  soluble  in  water,  alcohol,  and  benzene;   it  melts  at  165^ 
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(329*^  F.),  bat  deoompows  if  heated  above  thu  temperature.  On  treatment 
with  hydrochloric  acid,  it  fumiahes  ethylio  alcohol,  oxalic  acid,  and  ammonie 
chloride,  and  is  similarly  decomposed  by  boiling  with  alkalies ;  but  if  diHsolved 
in  a  cold  solution  of  potassic  hydrate,  it  is  converted  into  the  corresponding 
potassic  derivative,  which  may  be  obtained  crystallised  in  long  needles  by 
allowing  the  solution  to  evaporate  spontaneously.  Ammonia  produces  a  similar 
change,  displacing  the  OC^H.  group  by  NH,. 

Meihylio  and  isobutylic  oyanoformate  are  formed  from  the  corresponding 
oxamates  on  distillation  with  phosphoric  anhydride ;  the  former  boils  at  about 
100^  (212*  F.),  and  is  more  easily  decomposed  by  water,  the  latter  at  146° 
(294^*8  F.)}  and  is  less  easily  decomposed  by  water  than  the  ethylic  compound. 
Both  gradually  undergo  polymeriaation  when  saturated  with  hydrochloric  acid 
gas  (Weddige,  Jour.pr.  Chem,  [2],  x.  193). 

(1790)  Amidofoemic  or  Cabb^mic  Acid:  NH^.COOH, — This  acid  is  not 
known  in  the  free  state,  but  both  metallic  and  ethereal  salts  derived  from  it  are 
readily  obtained ;  the  latter  are  usually  spoken  of  as  urtthanea.  The  metallic 
salts  have  recently  been  submitted  to  careful  investigation  by  Drechsel  (Joum. 
pr,  CAem.  [2],  xvi.  180). 

Ammonie  carbamate :  NH^.COONH^,  apparently  is  always  formed  whenever 
carbonic  anhydride  and  ammonia  are  brought  together  either  in  the  anhydrous 
condition  or  in  presence  of  water ;  it  is  a  constituent  of  ordinary  commercial 
ammonie  carbonate.  To  prepare  it  in  a  pure  state,  ammonia  and  carbonic  anhy- 
dride are  simultaneouFly  passed  into  anhydrous  alcohol  which  is  kept  cool ; 
small  crystals  soon  form  in  the  liquid^  and  when  sufficient  has  been  produced, 
the  crystals  together  with  the  alcohol  are  enclosed  in  tubes  which  are  heated  for 
a  short  time  to  100**— 110°  (212°— 230®  F.),  and  then  allowed  to  cool  slowly  ; 
during  the  cooling,  it  crystallizes  out  in  large  thin  plates,  which  are  separated 
from  the  liquid,  rapidly  pressed  between  bibulous  paper  and  dried  over  potassic 
hydiAte  (Basaroff,  ibid,,  i.  283).  Ammonie  carbamate  undergoes  decomposi- 
tion in  contact  with  water,  in  which  it  in  easily  soluble,  being  converted  into 
normal  ammonie  carbonate,  but  this  change  takes  place  only  gradually,  especially 
if  ammonia  be  present  (Drechsel) ;  on  the  other  hand,  however,  ammonie  carbo- 
nate dissolved  in  water  is  partially  converted  into  carbamate  on  standing  (Divers ; 
DrechseL  For  the  method  of  detecting  carbamate  in  presence  of  carbonate  see 
Drechsel,  iHd.,  p.  170). 

Caleie  carbamate :  (NH,.CO,),Ca  +  2OH,  (comp.  Drechsel).— The  behaviour 
of  this  salt  is  in  many  respects  of  interest.  When  water  is  poured  over  it,  at 
first  a  perfectly  dear  solution  is  obtained,  but  within  about  half  a  minute  the 
liquid  becomes  opalescent  from  the  separation  of  calcic  carbonate ;  a  much  more 
stable  solution  is  obtained  by  dissolving  the  salt  in  a  solution  of  ammonia,  the 
tendency  to  decompose  being  less  the  more  concentrated  the  ammonia  solution ; 
by  saturating  a  warm  ammoniacal  solution  with  the  salt  and  then  cooling  it  to 
0°  (32*  F.),  it  may  be  obtained  in  magnificent  four-sided  prisms  1—2  min.  in 
lengtii. 

The  metallic  carbamates  apparently  are  in  the  first  instance  all  converted 
into  the  corresponding  cyanates  when  heated  :  NH^COOM  =  NCOM  +  OH, ;  but 
these  frequently  undergo  further  change :  thus,  ammonie  carbamate  yields  urea 
(Basaroff) ;  and  the  carbamates  of  the  alkaline  earth  metals  are  converted  into 
the  corresponding  metallc  derivatives  of  cyanamide  NH,.CN  (Drechsel). 

Eth^/lic  amidoformate  or  carbonate;  vrethane :  NH,.COOC,H^. — This  com- 
pound may  be  formed  bv  the  action  of  ammonia  on  ethylic  chloroformate  (chloro- 
carbonate):  Cl.COOC,H.  + 2NH,  =  NH,.C00C,H,  +  NH^C1,  or  on  ethylic 
carbonate:  CO(OC,H J,  +  NH,  =  NH,.COOC,H^  +  HOC.H, ;  other  methods  of 
preparation  will  be  described  later  on. 
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It  crystallizes  very  readily  from  alcohol  in  largo  iransparent  prisms,  melting 
at  52*^  (125^*6  F.),  and  boils  without  alteration  at  ahout  180°  (356°  F:);  it  is 
much  more  stable  in  presence  of  water  than  the  metallic  carbamates. 

The  homologoas  compounds  closely  resemble  the  ethylic  salt.  Metkylie 
carhamaie  melts  at  about  55°  (131**  F.),  and  boils  at  177°  (35o°-6  F.); 
propyUe  carbamate  meitB  at  50°  (122"^  F.)  (Cahours);  isohutylic  carbamate 
;nelt8  at  55''  (131''  F.)  and  boils  at  207""  {404°'6  F.)  (Mylius,  Deut.  ekem, 
Oe$.  Ber.,  v,  973)  ;  isamylie  carbamate  melts  at  66°  (i50°*S  F.),  and  boils  si 
about  220°  (428^*^). 

(1791)  Thiocabbonio  Acidb  and  thbib  Debiyatiybs. — ^Thiocarbonie 
anhydride  (carbonic  bisulphide)  enters  into  reaction  with  metallic  thiohydrides 
(sulphydrates)  and  sulphides  in  precisely  the  same  manner  that  carbonic  anhydride 
does  with  metallic  hydroxides  (hydrates)  and  oxides,  forming  metallic  thiocar^ 
bonates  (sulphocarbonates),  thus  : 

CO,   +    2KOH    =   CO(OK),   +    OH,. 
CS,    +    2KSH    =    CS(SK),    +    SH,. 

Bodies  intermediate  in  composition  between  the  carbonates  and  these  thio- 
carbonates  are  probably  formed  by  the  action  of  metallic  hydroxides  on  carbonic 
oxysulphide  and  bisulphide,  thus:  CS,  +  2KOH  =  K,c6s,  +  OH,,  but  they 
have  not  been  isolated.  On  treatment  with  dilute  hydrochloric  acid,  the  thio- 
carbonates  furnish  thiocarbonic  acid,  CS(SH),,  as  an  oily  liquid;  by  boiling  their 
aqueous  solutions  they  are  rapidly  converted  into  carbonates,  a  similar  decom- 
position taking  place  at  ordinary  temperatures  :  K,CS,  +  3OH,  =  K,CO,  +  38  H^ 

Carbonic  anhydride,  however,  not  only  combines  with  metallic  hydroxide 
and  metallic  derivatives  of  the  carbinols,  but  also  with  metallic  derivatives  of 
thiocarbinols ;  and  in  like  manner,  carbonic  oxysulphide  and  bisulphide  unite 
with  metallic  derivatives  of  the  carbinols  forming  crystalline  metallic  ethereal 
salts  of  thiocarbonic  acids.  Thus  carbonic  oxysulphide  and  bisulphide  unite 
with  potsBsic  ethylate  forming  the  compounds  CO(OC,H,).SK  and  CS(OC,HJ.SK 
respectively ;  on  treatment  with  hydrochloric  acid,  the  former  is  at  once  decom- 
posed with  evolution  of  car{)onic  oxysulphide  (Salomon,  Jour,  pr.  Chem,  [2],  r. 
476),  but  the  latter  yields  the  acid  ethylic  salt — xanthie  acid,  C,H,O.CS.SH,  a*  a 
oolourless,  heavy  oil,  insoluble  in  water.  By  the  action  of  iodine  on  these  metsllie 
ethereal  salts,  the  metal  fs  withdrawn  and  compounds  resulting  from  the  residoei 
of  two  molecules  of  the  salt  are  produced,  potassic  xanthate,  for  example,  being 
acted  upon  thus :  2C,H,0.CSSK  +  I,  =  (C,H,O.CS.S),  -»-  2KI. 

The  oxygen  in  the  normal  ethereal  salts  of  carbonic  acid  may  also  be 
partially  or  wholly  displaced  by  sulphur.  Thus  the  following  complete  series  of 
thio-derivatives  of  ethylic  carbonate  is  known  (comp.  Salomon,  ibid,,  vi.  433): 


B.P.^C. 

8p.  Gr.  St  X90  C. 

156 

1-0285 

CgfOC.H. 

161 

1-0325  (?) 

196 

1-085 

po(OC,H. 

200 

1-085 

.r-a.^^    &\-i>.II.. 

PS      2   » 

240 

1-152 

The  methods  of  preparing  these  compounds  are  as  follows : 
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f  OC  H 
I.  CO  \  arj*TT*,  by  the  action  of  ethjlic  chloroformate  on  Bodic  thioethjlate, 

C,H,.SNa;  and  by*  the  action  of  ethylio  bromide  on  the  salt  CO(OC,H,).SK 
(Salomon). 

II.  CS(OC,H.),,  by  heating  the  compound  (S.CS.OC,H,),  (Debua). 

III.  CO(SC^H^,,  by  the  action  of  sulphario  acid  on  ethylic  thiocyanate, 
NC.SC^H^  (Schmitt  and  Glatz),  and  by  the  action  of  carbonic  chloride  on  sodic 
thioethylate  (Salomon). 

IV.  CS  <  snH*»^y  ^^  action  of  ethylic  chloride,  bromide  or  iodide  on 

potassic  xanthate/cS(OC,H^.SE  (Debos,  Salomon). 

y.  CS(SG,HJ,,  by  the  action  of  ethylic  chloride,  bromide  or  iodide  on 
potaaaio  thiocarbonate  (Sobweitzer,  Husemann). 

They  are  mobile  liquids  of  unpleasant  odour.  Thoee  which  contain  the 
radicle  CO,  like  ethylic  carbonate,  farnish  ethylic  carbamate  NH^.COOCjH,,  or 
urea  CON^H^,  on  digestion  with  ammonia;  whereas  those  containing  the 
radicle  CS  finally  yield  ammonic  thiocyanate.  Their  behaviour  with  an 
alooholiu  solution  of  potassic  hydrate  is  in  some  respects  peculiar,  since  those 
containing  the  radicle  CO  form  potassic  carbonate,  whereas  those  containing 
the  radicle  CS  form  the  salt  C0(0C,HJ.SK;  it  may  be  supposed  that  the 
decomposition  of  the  thiocarbonate  is  not  immediately  effected  by  the  potassic 
hydrate,  but  that  an  orthothiocarbonate  is  first  produced  by  their  combination 
and  subsequently  decomposed ;  thus : 

^^loCH*   ■*•    ^^^  =    ^r^'      *    '  ^^1^*^*    "^   C,H,.0H. 

The  isomeric  methylio  ethylic  dithiocarbonates 

CH,S.CS.OC,H,  and  CH,O.CS.SC,H, 
behave  in  a  similar  manner,  both  being  converted  into  the  same  ethylic  salt, 
KS.COOC^H^,  by  the  action  of  potassic  ethylate,  and  into  the  corresponding 
methylic  Bait,  KS.COOCH,,  by  the  action  of  potassic  methykte;  the  latter  salt 
is  even  converted  into  the  ethylic  salt  by  mere  boiling  with  ethylic  alcohol,  but 
the  reverse  change  has  not  been  effected  (Salomon,  ibid,,  viii.  114). 

Carbonic  oxysulphide  and  bisulphide  behave  like  carbonic  anhydride  with 
ammonia,  combining  directly  with  it  to  form  crystalline  ammonic  thiocarbonates ; 
that  produced  from  carbonic  oxysulphide  has  the  formula  NH^.CO.SNH^:  on 
treatment  with  dilute  acids,  it  at  once  decomposes  with  evolution  of  carbonic 
oxysulphide;  when  heated  alone  at  about  140''  (284''  F.),  it  is  converted  into 
urea,  CON,H^(Kretischmar,  ibid.,  viii.  474).  The  ammonic  salt  produced  by 
the  union  of  ammonia  and  carbonic  bisulphide,  when  treated  with  dilute  hydro- 
chloric acid,  furnishes  the  corresponding  acid,  NH^.CSSH,  as  a  heavy  oily  liquid 
capable  of  decomposing  metallic  carbonates  with  effervescence ;  by  the  action  of 
the  halogens,  it  is  converted  into  so-(»lled  hydranzotin,  (NH,.CS.S),,  a  crystal- 
line body  of  considerable  stability  {Jour.  Chem.  Soc,  1878,  p.  857). 

Ethereal  salts  of  thiocarbamic  acids  may  be  obtained  by  methods  similar  to 
those  by  which  ethereal  salts  of  carbamic  acid  are  formed,  and  they  closely 
resemble  these  latter  in  their  properties ;  thus  the  following  complete  series  of 
thio-derivatives  of  ethylic  carbamate  are  known: 

I.  NHj,.CO.SCjHj,  obtained  by  the  action  of  gaseous  ammonia  on  the  com- 
pound ClCO.SCjHg,  produced  by  saturating  thioethylic  alcohol  with  carbonic 
chloride;  it  melts  at  108°  (226''*4  F.)  (Salomon,  ibid,,  vii.  252). 

II.  NH,.CS.OC,H,,  obtained  by  the  action  of  ammonia  en  the  thiocarbonate 
C,H,S.CS.OC,H,  and  on  the  compound  (C,H,O.CSS),;  it  meiuiarsS^  (ioo''-4  F.). 
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III.  NH,.CS.SC,H^,  produced  by  the  direct  combination  of  hydric  sulphide 
and  ethylio  thiocyanaie :  NO.SC,H,  + SH,  =  NH,.CS.SC,H,  (Conrad  and  Salo- 
mon, ibid.,  X.  28);  it  melts  at  about  42°  (107^*6  F.).  When  decomposed 
with  potaaaic  hydrate,  the  first  of  these  compounds  yields  potasbic  carbonate,  bat 
the  two  others  furnish  potassic  thiocyanate. 

(1792)  Hydroxy  ACETIC  or  Gly  colic  Acid;  Gly  colic  acid; 
oxyacetic  acid :  CjH^Ojj  =  CH^tOH)  COOH. — This  acid  is  formed 
by  the  action  of  water  on  the  monohaloid  derivatives  of  acetic 
acid  (comp.  1794);  by  the  action  of  nitrous  acid  on  glycine; 
by  oxidation  of  ethylic  alcohol,  ethaldehyde,  glycol  and  other 
hydroxy-compounds^  such  as  glycerol,  levulose  (q.v.),  &c. ;  by 
the  action  of  nascent  hydrogen  on  oxalic  acid  (Schulze,  Church, 
Clans)  or  ethylic  oxalate  (Eghis,  Debus) ;  and  by  the  action  of 
alkalies  on  glyoxal  and  glyoxylic  acid  (Debus).  It  has  been 
detected  in  the  juice  of  unripe  grapes  (Erlenmeyer),  and  in  the 
leaves  of  the  Virginia  creeper — Ampelopsis  hederacea  (Gorup- 
Besanez).  It  is  best  prepared  by  boiling  a  moderately  concen- 
trated aqueous  solution  of  monochloracetic  acid  for  several  hours 
in  a  flask  attached  to  a  reversed  condenser,  and  then  evaporating 
the  solution  to  a  syrup  on  the  water-bath  to  expel  the  hydro- 
chloric acid  (Fittig,  Deul.  chem.  Ges,  Ber.,  ix.  11 97). 

Hydroxyacetic  acid  crystallizes  from  water,  in  which  it  is  very 
soluble,  in  concentrically  grouped  needles;  on  dissolving  these 
in  ether  free  from  alcohol  and  allowing  the  solution  to  slowly 
evaporate  in  vacuo,  it  separates  in  anhydrous  non-deliquescent 
plates  melting  at  80®  (176°  F.)  (Fahlberg,  Jour.  pr.  Chem.  [2], 
vii.  329).  It  is  very  easily  reduced  to  acetic  acid  by  headng 
with  hydriodic  acid  solution  (Kekulfe),  and  may  also  be  converted 
into  this  acid  by  prolonged  digestion  with  zinc  and  dilute  sul- 
phuric acid  (Clans,  Ann.  Chem.  Pharm.,  cxlv.  256).  When  heated 
with  a  saturated  solution  of  hydrobromic  acid  at  icx>°  (212°  F.), 
it.  yields  bromacetic  acid  (Kekule),  but,  according  to  Fahlberg, 
hydrochloric  acid  is  without  action  under  similar  circumstances. 
It  is  by  no  means  readily  acted  upon  by  phosphoric  penta- 
chlc»ride :  on  heating  a  mixture  of  the  two  substances  in  simple 
molecular  proportions  to  about  80°  (176°  F.),  hydroxyacetic 
chloride,  CHg(OH).COCl,  is  apparently  produced ;  if  double  the 
quantity  of  pentachloride  be  employed,  and  the  mixture  heated 
at  120°  (248°  F.),  monochloracetic  chloride  is  formed  (Fahlberg). 
It  is  very  readily  oxidized  and  converted  into  oxalic  acid.  When 
heated  with  sulphuric  acid,  it  is  decomposed  in  accordance  with 
the  equation:  CH2(OH).COOH  +  OH2=CHg(OH)j-hH.COOH 
(comp.  1624). 

Metallic      and     Ethereal     Salte. — Hydroxyacetic     acid     foTDishes    a 
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number  of  character] stio  crjatalline  metallic  salts.  Calcic  hyd/roxyctcetate, 
[CH,(OH)CO^],Ca,  oryatallizes  with  2  mols.  of  water  in  glixtening  concentrically 
grouped  needles,  soluble  in  8o  pts.  water  at  15°  (59^  F.),  and  in  anhydrous 
much  less  soluble  ags^^regates  (Fahlberg;  Oarius,  ihid,,  iz.  303).  Cupric 
kydroxyacctaUj  [CH,(OH).COJ,Cu,  forms  beautiful  blue  crystals  which  dissolve 
in  about  130  pts.  of  cold  water.  Plumbic  hy droxy acetate ^  [CHj(OH).COJ,Pb, 
crystallizes  in  transparent  monoclinic  prisms  soluble  in  about  30  pts.  of  cold 
water;  in  order  to  obtain  this  salt  it  is  necessary  to  maintain  the  solution 
acid  during  concentration,  otherwise  a  baHic  salt,  (.0^11,0 J^OPb,,  is  produced 
(Fahlberg).  Etkylic  hydroxyacetate,  CH3(0H).C00CgH^,  may  be  prepared  by 
distilling  a  dry  mixture  of  potas^io  hydroxyaoetate  and  potasttic  ethylic  sulphate 
from  the  oil  bath,  or  by  heating  glycolide  with  alcohol  at  200^  (392**  F.);  it 
is  a  colourless  liquid,  which  boils  at  155°  (311°  F.).  On  treatment  with 
phosphoric  pentacbloride  it  yields  ethylic  mouochloracetate  (Fahlberg ;  Norton 
and  Tchemiak). 

(1793)  Dehtdboolycolic  Acid  and  Glycolide. — If  the  syrup  which 
remains  on  evaporating  an  aqueous  solution  of  hydroxyaoetic  acid  on  the  wate:  - 
bath  be  further  heated  for  any  length  of  time  it  becomes  incapable  of  crystal- 
lizing  when  exposed  over  sulphuric  acid,  and  on  pouring  it  into  cold  water  only 
a  portion  dissolves,  leaving  a  white  insoluble  residue  of  a  compound  formed  by 
the  withdrawal  of  the  elements  of  a  molecule  of  water  from  2  mols.  of  hydroxy- 
aoetic acid,  which,  however,  is  more  readily  prepared  by  exposing  the  crystalline 
acid,  together  with  sulphuric  anhydride,  under  a  bell  jar  for  a  few  days,  and  wash- 
ing the  pulverulent  product  with  cold  water.  This  substance  is  insoluble  in  cold 
water,  alcohol  and  ether,  but  dissolves  in  hot  water,  re-forming  hydroxyaoetic 
acid ;  by  dissolving  it  in  fused  hydroxyacetic  acid,  a  mixture  is  obtained  which 
remains  liquid  on  cooling;  it  melts  at  about  130°  (266°  F.),  but  if  heated  above 
this  temperature,  it  gradually  loses  water  and  is  converted  into  glycolide  (Fahl- 
berg, loc.  cit), 

Glycolide  is  more  readily  prepared  by  gradually  heating  anhydrous  sodic 
monochloracetate  to  a  temperature  of  150^  (302^  F.)  for  a  couple  of  days, 
washing  the  product  with  warm  water  until  the  whole  of  the  sodic  chloride  is 
removed,  and  drying  the  residue  at  200°  (392°  F.)  (Norton  and  Tcheruiak, 
Bull.  Soc.  Chem,,  xxx.  103).  It  is  a  white  friable  substance,  melting  at  220° 
(428°  F.),  insoluble,  or  nearly  so,  in  most  solvents ;  on  boiling  with  water  it  is 
slowly  dissolved  and  reconverted  into  hydroxyacetic  acid,  but  ammonia  readily 
attacks  it,  forming  glycolamide,  CH2(0H).C0.NU,,  and  amines  have  a  similar 
action. 

The  following  formulse  most  probably  represent  the  relation  which  these  two 
compounds  bear  to  hydroxyacetic  acid  (comp.  1802) : 

CH..OH  CH..O.CO  CH,.O.CO 

I  II  II 

COOH  COOHCH,.OH  CO.O.CH, 

Glycolio  Mid.  DehydroglycoUc  acid.  Gljcolide. 

(1794)  Diolycolic  Acid  :  C^H^O,  =  0(CH,. COOH),.— When  monochlor- 
acetic  acid  is  heated  with  water,  only  glycolic  acid  is  formed;  but  if  a  metallic 
oxide  or  hydrate  be  also  present  more  or  less  diglycolic  acid  is  usually  pro- 
duced. According  to  Schreiber  {Jour,  pr,  Chem.  [2],  xiii.  436),  the  soluble 
metallic  hydrates  of  the  form  M^OH  furnish  chiefly  glycolic  acid,  whereas,  with 
those  of  the  form  M"(OH)j,  chiefly  diglycolic  acid  is  produced  j  lithic  hydrat**, 
however,  behaves  more  like  the  hydrates  of  the  alkaline-earthy  metals,  .and 
inagnesic  oxide  more  like  the  hydrates  ot  the  alkali  metals.  With  plumbic 
hydrate,  both  glycolic  and  diglycolic  acids  are  formed;  aluminic,  zincic  and 
stannous  hydrates  furnish   only  glycolio   acid,  the  action  taking  place  with 
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remarkable  slownesii  in  the  case  of  the  last-mf^ntioned  hydrate ;  with  the  oxidei 
of  silver  and  morcnry  only  glyoolic  acid  is  formed,  but  this  parti&lly  nndergott 
oxidation  to  oxalic  acid.  The  formation  of  diglycolic  acid  is  donbtleea  doe  to 
the  conversion  of  the  glycolic  acid  first  produced  into  a  metallic  derirative  of  the 
form  M'O.CHg.COOM',  which  acts  on  Uie  chloracetate  simnltaneotiAly  witii  the 
water,  thns :  CH,Cl.COOM  +  MO.CH,.COOM  =  0(CH,.COOM),  -4-  MCL 

Diglycolic  acid  may  also  be  obtained  by  oxidizing  diethylenie  alooboif 
0(CH,.CH,  OH),,  with  nitric  acid  (Wurtz).  It  crystallizes  with  I  moL  of  water 
in  monoclinic  prisms;  the  anhydrous  acid  melts  at  148^  (298^*4  F.)-  It  fur- 
nishes a  number  of  crystalline  salts,  which  are  mostly  much  lesa  aolable  than  the 
corresponding  glycolates. 

(1795)  Ethbsic  Acids  dbbiyed  fbox  Htdboxtacbtic  Acfd. — By  the 
action  of  the  sodium  derivatives  of  carbinols  such  as  methylic,  ethylic  and  aioylie 
alcohol  on  chloracetio  acid,  Heintz  has  prepared  a  number  of  etherie  acids  of 
the  form  CHj(OC„H,„  ^  ,).COOH ;  these  compounds  are  not  deoompoaed  by 
alkalies,  but  when  heated  with  hydriodic  acid  they  exchange  the  CbH^^  ^  ^  radide 
ftjr  hydrogen. 

(1796)  Thiooltcolic  and  Thiodioltooltc  Acids. —-These  two  adds  an 
both  produced  on  adding  roonochloracetio  acid  to  a  concentrated  nolutioa  of 
potassic  thiohydrate,  KSH  (Claessouj  Ann.  CAem,  Pharm.^  elxxxrii.  113); 
txk^  their  ethylic  salts  are  formed  in  like  manner  from  ethylio  monodiloracctite 
(Wislicenus,  ihid.t  oxlvi.  1 45).  When  neutralized  with  carbonates,  hydratei 
or  oxiaes  of  metals  having  less  affinity  for  sulphur  than  for  oxygen,  thiog^lyeofie 
acid  furnishes  normal  salts  of  the  form  CHs($H).COOM ;  bat  metals  haying  s 
greater  affinity  for  sulphur  than  for  oxygen  displace  the  hydrogen  in  the  SH 
group :  thus,  it  is  readily  actf d  upon  by  mercuric  oxide  and  converted  into  a 

S  Ch!  COOH'  ^^'**^  crystallizes  from  hot  wtts 
in  long  fine  needles.  On  adding  baric  chloride  and  ammonia  to  a  solution  sf 
the  normal  potassic  salt,  a  white  crystalline  precipitate,  almost  insoloble  ia 
water,  is  produced,  which  has  the  composition  represented  by  the  fomiih 
CH,.S  )  CH,.SBa.COO 

I  >  Ba  or    1    *  I       . 

COO    i  COO.BaS.CH, 

The  selenium  analogue  of  thiodiglycolic  acid,  Be(CH,.GOOH),,  ia  obtained  as 
ammonic  salt  by  the  action  of  ammonic  monochloracetate  on  an  alcoholic  solution 
of  ammonic  selenide.  It  crystallizes  from  water  in  large  colourless  prisms 
(Schulze /ind  Ulrich,  Deut,  chem.  Ges.  Ber„  viii.  773). 

(1797)  HvDRoxYPROPioNic  OR  Lactic  Acids  :  CgH^Og. — 
Propionic  acid  theoretically  can  only  furnish  two  monhydroxy- 
derivatives,  viz. : 

CH,.CH,.COOH  CH,(OH).CH,.COOH  CH,.CH(OH).COOH 

Propionic  acid.  a-Hjdroxypropionic  add.  /S-Hydroxjpiropionie  add. 

At  least  three  distinct  acids  of  the  formula  C^HgOj  are  known^ 
however,  but  two  of  these  appear  merely  to  differ  in  certain 
physical  properties  and  not  in  their  general  chemical  behaviour. 

(1798)  a-HYDRoxY'>ROPioNic  AciD  j  Ethylemloctic  or  Hydra-- 
crylicAdd:  CH2(OH).CH2.COOH.— This  acid  has  been  obtained 
J.  by  displacing  the  iodine  in  a-iodopropionic  acid  (1769), 
CHJ.CHg.COOH,  by  the  group  OH  by  heating  it  with  water  in 
presence    of  metallic    hydroxides^   those    of  silver  and  calcium 
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Laving  been  employed;  2.  by  heating  a-cyanethylic  alcohol 
(glycolic  or  ethylenic  cyanhydrin),  CH2(OH).CH3.CN,  with  water 
and  an  aJkali  or  a  mineral  acid:  CH3(OH).CH^.CN  +  aOHj= 
CHg(OH).CH3.COOH  +  NH8j  and  3.  as  sodic  salt  by  heating 
sodic  aery  late  with  a  solution  of  sodic  hydrate  at  100°  (aia^  F.) : 
CH— CH.COONa+OHjScCHgCOHj.CHj.COONa. 

The  action  of  argentio  hydroxide  on  a-iodopropionic  acid  was  first  studied  hy 
Beiliitein,  who,  however,  assigoed  the  formula  C^^U^O^j  to  the  acid  produced, 
terming  it  hydracrylic  acid  on  account  of  its  conversion  into  acrylic  acid  and 
water  on  distillation.  Two  years  later  (1864)  Moldenhauer  published  a  paper 
in  which  he  suggested  that  hydracrylic  acid  was  merely  an  intermediate  pro- 
duct, stating  that  it  conld  be  converted  into  an  acid  of  the  composition  of  lactic 
acid  by  heating  its  solution  with  alkalies,  <&c.  Later  on  WicheUiaus,  and  sub* 
sequently  Von  Bichter,  endeavoured  to  prove  that  the  lactic  acid  thus  produced 
was  sarcolactio  acid,  and  not  the  ordinary  acid  obtainable  by  fermentation,  but 
without  obtaining  very  definite  results.  The  true  nature  of  the  reaction  was 
finally  ascertained  by  Wislicenus,  who  showed  that  the  iodopropionic  acid  was 
directly  converted  into  an  acid  of  the  composition  of  lactic  acid,  but  that,  at  the 
same  time,  acrylic  acid,  C^H^,,  and  two  other  isomeric  acids  of  the  composition 
C^H^^O,  {dihydracrylic  and  paradipimalio  acid)  were  produced.  The  lactie 
acid  thus  prepared  was  reconverted  with  extreme  readiness  into  a- iodopropionic 
acid  by  the  action  of  hydriodie  acid,  and  furnished  crystalline  salts. 

By  digesting  a-iodopropionic  acid  with  milk  of  lime,  Heintz  also  obtained 
acrylic  and  lactic  acids,  but  did  not  observe  the  formation  of  an  acid  analogous  to 
diglycolic  acid  (1794),  or  of  the  other  acids  obtained  by  Wislicenus  (com p.  Ann. 
Chem.  Pharm,,  clxvi.  6).  In  the  course  of  his  experiments  Heintz  discovered 
a  comparatively  difficultly  soluble  zincrcalcium  double  salt,  highly  characteristic  of 
the  lactic  acid  thus  obtained,  and  this  same  salt  was  subsequently  prepared 
by  Wislicenus  from  the  acid  produced  with  the  aid  of  argentic  hydroxide. 

By  heating  a-chloretbylio  alcohol  (glycolic  or  ethylenic  chlorhydrin), 
CH,(0H).CH,C1,  with  potassio  cyanide  and  decomposing  the  resulting  cyan- 
hydriu,  CH,(OU).CH,.CN,  with  alkali,  Wislicenus  had  previously  obtained  au 
acid  of  the  formula  C^H^O,  which  appeared  to  be  isomeric  with  that  from  iodo- 
propionic acid,  as  it  did  not  yield  a-iodopropionic  acid  on  treatment  with 
hydriodie  acid  and  gave  only  amorphous  salts.  From  the  manner  in  which 
it  was  formed,  this  acid  was  apparently  the  true  "  etbylenelactic"  acid, 
CH2(0H).GH,.C00H,  and  in  order  to  explain  the  isomerism  between  it  and 
hydracrylic  acid  (this  name  being  adopted  for  the  lactic  acid  from  a- iodopropionic 
acid),  Wislicenus  suggested  that  hydracrylic  acid,  a-iodopropionic  acid,  glyceric 
and  acrylic  acids  were  not,  as  was  usually  supposed,  true  carboxylic  acids, 
bat  acids  of  peculiar  constitution  such  as  are  represented  by  the  following 
forinolffi ; 

CH.I  CIL.OH                     CH..OH                     OIL 

I  I                                  I                                  II 

/CH  /CH                            C.OH  /CH 

O    I  01  0    I  0    i 

CH.OH  CH.OH                      CH.OH  \CH.OH 

«-IodopropioDio  add  Hydraerylic  add.  Olyoericadd.  Acrjrlioadd. 

Kecent  experiments  of  Erlenmeyer  {Ann.  Chem.  Pharm,,  cxci.  261)  appear 
to  .show,  however,  that  the  conclusions  drawn  by  Wislicenus  were  erro- 
neous, for  this  chemist  finds  that  the  acid  obtained  from  the  chlorhydrin 
CH,(OH).CH,Ci  readily  yields  both  a-iodopropionic  acid  and  the  zinc-calciom     . 
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double  Rait  characteristic  of  "  hydracrjlic  acid."  The  amount  of  cyanhjdrin, 
and  therefore  of  acid,  obtained  from  the  chlorhjdrin  CH,(0H).CH,C1  is  veij 
small.  According  to  Erlenmeyer,  a  far  better  method  of  preparing  the  former 
consists  in  heating  a  mixture  of  ethjlenic  oxide  and  hydrocyanic  acid  in  simple 
molecular  proportions  for  several  days  at  50° — 60®  (122° — 140**  P.) ;  the  product 
is  apparently  a  mixture  of  the  cyanhydrin  CH,(OH).CH,.CN  with  a  small 
quantity  of  the  isomeric  ethylidenic  cyanhydrin  (1630),  CH,.CH(OH).CN : 
it  begins  to  boil  at  190°  (374°  F.),  b|it  distils  chiefly  at  about  220**  {428®  F.), 
the  portion  collected  at  the  latter  temperature  consisting  of  the  pure  ethylente 
cyanhydrin.  When  decomposed  by  boiling  either  with  hydrochloric  acid  or 
with  sodic  hydrate  solution,  the  pure  a-cyanethylic  alcohol  yields  both  a-hjdroxy- 
propionic  and  acrylic  acids  together  with  a  small  amount  of  an  amorphous 
nitrogenous  compound. 

According  to  Linnemann  {Deut.  chem.  Ges.  Ber,,  viii.  1095),  sodic  acrjlabe 
is  almost  entirely  converted  into  a  mixture  of  the  sodic  salts  of  "  hydracrylic*' 
and  Wisltcenus's  ethyleiielactic  acid  by  heating  with  an  aqueous  solution  of 
sodic  hydrate,  the  two  salts  being  formed  in  about  equal  proportions ;  according 
to  Erlenmeyer  (loc,  cit,),  only  a-hydroxypropionate  is  produced,  much  of  the 
acrylate  remaining  unchanged. 

In  order  to  prepare  pure  a-hydroxypropionic  acid  from  a-iodopropionic  acid, 
the  aqueous  solution  of  the  latter  is  digested  with  a  slight  excess  of  freshly 
precipitated  argentic  hydroxide,  the  dissolved  silver  is  then  removed  by  hydric 
sulphide,  the  solution  neutralized  with  sodic  carbonate,  evaporated  to  dryness, 
and  the  residue  extracted  with  boiling  95  per  cent  alcohol;  the  salt  whidi 
crystallizes  out  on  cooling  is  purifled  by  recrystallization  from  alcohol  and  maj 
then  be  used  for  the  preparation  of  the  acid  or  of  other  salts. 

a-Hvdroxypropionic  acid  remaiDS  as  a  strongly  acid  syrup  on 
evaporating  its  aqueous  solution  on  the  water-bath ;  irhen  dis- 
tilled, it  is  almost  completely  converted  into  acrylic  acid  and 
water,  a  decomposition  which  is  still  more  readily  effected  by 
boiling  it  with  a  mixture  of  equal  volumes  of  sulphuric  acid 
and  water.  When  oxidized  with  either  chromic  or  nitric  acid, 
it  furnishes  only  oxalic  acid  besides  carbonic  acid ;  on  boiling  its 
solution  with  argentic  oxide,  carbonic  anhydride  is  evolved  from 
the  commencement  of  the  oxidation,  and  glycolic  and  oxalic  acids 
are  produced,  carbacetoxylic  acid  being  perhaps  formed  in  the 
first  instance ;  on  fusing  it  with  potassic  hydrate,  it  yields  chiefly 
formic  and  acetic  acids,  a  little  oxalic  acid  and  perhaps  glycolic 
acid  being  also  formed.  These  results  appear  to  indicate  that  the 
oxidation  does  not  directly  affect  the  CH3.OH  group,  but  rather 
that  the  carboxyl  group  is  the  first  to  be  attacked  and  split  off. 

Metallic  a-Hi/droQpypropionates, — The  argentic  salt  crystallizes  in  delicate 
needles  and  prisms,  easily  soluble  even  in  cold  water.  Sodic  a-kydrox^fpro' 
pionate  is  seldom  obtained  in  distinct  crystals,  but  usually  separates  from  a  hot 
alcoholic  solution  in  crusts ;  it  is  difficultly  soluble  in  hot  anhydrous  alcohol, 
but  more  soluble  in  95  per  cent,  spirit;  it  is  extremely  deliquescent  in  moist 
air.  The  crystallized  salt,  afler  drying  in  vacuo,  is  anhydrous,  and  melts  at 
about  143°  (289'''4  F.)  to  a  clear  liquid;  if  heated  to  about  180°  (356®  P.),  it 
slowly  loses  the  elements  of  a  molecule  of  water ;  the  same  chanse  i«  rapidly 
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effected  if  it  be  heated  at  250**  (482°  P.).  The  product  haa  the  coropoRition  of 
Bodic  acrylate,  bat  does  not  entirely  cousist  of  this  salt,  as  it  becomes  warm  on 
moitftening  with  water,  and  may  then  be  resolved  into  a  mixture  of  sodio  acry- 
late  and  of  the  sodio  salts  of  the  so-called  dihydracrylic  and  paradipim«lic  acidrt 
(p.  885),  the  relation  of  which  to  the  parent  compound  is  not  yet  ascertained. 

Calcic  a-kydroxypropionate,  CjlI,^CaOj  + 20Hj,  although  very  soluble 
even  in  cold  water,  crystallizes  in  large,  well-formed,  apparently  rhombic  prisms. 
Zincic  a'hydroxjfpropionate,  C^Hj^^ZnO^  +  4OH,,  also  crystallizes  very  readily 
in  large  tridinic  prisms,  soluble  to  the  extent  of  100  pts.  in  119  pts.  of  water 
^^  '5°'5  (5 9^*9  ^')*  &nd  miscible  in  all  proportions  with  water  heated  above  60° 
(140°  F.).  The  anhydrous  salt  melts  at  160°  (320°  F.).  On  mixing  concen- 
trated solutions  of  the  zinc  and  calcium  salts  in  about  equivalent  proportions,  a 
crystalline  precipitate  forms  sooner  or  later,  consisting  of  the  double  salt 
C^Hj^CaO,,  CjHj^ZnO,;  this  salt  dissolves  in  11-5  pts.  of  water  at  15°  (59"  F.) 
and  is  but  slightly  more  soluble  in  hot  water. 

(1799)  /3-Hydroxypropionic  OR  Methhydroxyacetic  Acid; 
Ethylidenelactic  Acid:  CH3.CH(0H).C00H.— Two  modifications 
of  this  acid  are  to  be  distinguished :  the  lactic  acid  produced  bj 
fermentation^  which  is  the  acid  of  sour  milk,  and  sarcolactic  acid 
which  has  hitherto  only  been  obtained  from  flesh  juice.  The 
latter  differs  from  the  former  in  being  optically  active,  and  the 
salts  derived  from  the  two  acids  exhibit  slight  differences  in 
composition ;  but  they  agree  in  their  general  chemical  behaviour, 
aud  the  active  may  be  converted  into  the  inactive  acid.  The 
nature  of  the  isomerism  which  obtains  between  them  cannot  at 
present  be  explained. 

(t8oo)  Inactive  /3-Hydroxypropionic  Acid  ;  Lactic  Add. — 
Lactic  acid  or  its  salts  maybe  obtained,  i.  by  heating  /3-chloro- 
or  j3-bromopropionic  acid  (1769)  with  water  and  metallic  hy- 
droxides;  2.  by  the  action  of  nitrous  acid  on  /3-alanine  (177.5) ; 
3.  by  exposing  a  concentrated  solution  of  methylglycol, 
CH,.CH(OH).CH2(OH),  in  contact,  with  platinum-black  fo  the 
air;  4.  by  digesting  /3-cyanethylic  alcohol  (1630)  with  hydro- 
chloric acid ;  5.  by  the  action  of  nascent  hydrogen  on  pyruvic 
acid,  CHg.CO.COOH ;  6.  by  fusing  glycerol  with  potassic  hydrate 
{ibid,  xi.,  1 167),  or  by  boiling  glyceric  acid  with  a  solution 
of  potassic  hydrate  (Debus);  7.  by  heating  dichloracetone, 
CHj.CO.CHCJj^,  with  water  at  200°  (392°  P.)  (Linnemann  and 
Zotta,  Ann.  Chem.  Phann.,  clix.  247) ;  8.  by  heating  glucose  with 
a  solution  of  sodic  or  baric  hydrate  (comp.  p.  581),  as  much  as 
70 — 80  per  cent,  of  the  glucose  being  converted  into  the  acid 
if  the  latter  be  employed  (Schiitzenberger,  Deut.  chem.  Ges. 
Ber.,  ix.  448). 

Lactic  acid  is  best  prepared  by  fermentation  from  cane  sugar ;  as  in  the 
vinous  fermentation,  the  sugar  is  first  converted  into  glucoses,  which  are  then 
resolved  into  two  molecules  of  lactic  acid:  Cfi^fi^  =  2Cfifi^.     This  change 
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taken  place  nnder  the  inflnenoe  of  a  specific  organism.  The  method  uauaUy 
adopted  is  to  add  a  qaantity  of  decayed  chee»e  and  sour  milk,  together  with 
sufficient  calcic  or  zincic  carbonate  to  neutralize  the  acid  as  it  forma,  to  a  aolctkm 
of  sugar,  and  to  set  aside  this  mixture  at  a  temperature  of  about  40^ — 45^ 
(104^—113°  P.)  for  eight  or  ten  days.  The  cheese  and  milk  airoply  serre 
aa  a  means  of  introducing  the  organisms  by  which  the  decomposition  is  effected, 
and  aUo  supply  the  mineral  salts  and  nitrogen  necessary  for  the  life  and  nmlti- 
plication  of  these  organisms ;  a  much  purer  product  would  probably  be  as  raadilj 
obtained  if  small  quantities  of  the  necessary  mineral  salU  were  dissolved  in  the 
sugar  solution,  and  sufficient  previously  cultivated  ferment  then  added  to  inocn- 
late  the  liquid  (oomp.  Fita,  Deut,  ekem,  Ges.  Ber,,  xi.  1890). 

Pare  lactic  acid  of  the  formula  CgH^Og  cannot  be  obtaiiied 
in  consequence  of  the  readiness  with  which  it  undergoes  conver- 
sion into  dehydrolactic  acid,  C^Ky^fi^^iiC^Ufi^'^OU^,  this  change 
taking  place  on  mere  exposure  of  a  concentrated  aqueous  solu- 
tion of  the  acid  over  sulphuric  acid  in  vacuo;  the  strongly 
acid  syrup  obtained  by  evaporating  a  solution  of  the  acid  is 
probably  a  mixture  of  the  compounds  CH,.CH(0H).C(OH)g, 
CHj.CH(OH).COOH,  and  C^H^^Os,  and  may  even  contain  lac- 
tide,  CjHgO^  (Wislicenus,  comp.  i8oa,  1803). 

On  distilling  an  aqueous  solution  of  lactic  acid,  a  certain 
Amount  of  acid  volatilizes  with  the  steam ;  if  the  syrupy  acid  is 
slowly  heated,  lactide  is  produced,  but  if  it  be  rapidly  heated  it 
is  chiefly  resolved  into  ethaldehyde,  carbonic  oxide  and  water : 
CH3.CH(OH).COOH=CH3.COH-hCO  +  OHg.  Ethaldehyde  is 
also  produced  together  with  formic  acid  on  heating  lactic  acid  with 
dilute  sulphuric  add  at  130'' (266°  F.) :  CH3.CH(0H).COOH  + 
OHj=CH,.CH(OH)j,  +  H.COOH:  oxidizing  agents  such  as  a 
mixture  of  manganic  dioxide  and  sulphuric  acid  act  similarly, 
forming  ethaldehyde  and  carbonic  acid:  CH3.CH(0H).COOH  + 
(0  +  OH8)=CH,.CH(OH)2  4-HO.COOH,  but  if  more  powerful 
oxidizing  agents  are  employed  acetic  acid  is  produced.  When 
fused  with  potassic  hydrate  it  yields  a  certain  amoimt  of  butyric 
acid  (Hoppe>Seyler,  Zeits,  physiolog.  Chem,  2, 14). 

Lactic  acid  is  converted  into  /3-bromopropionic  acid, 
CH3.CH(Br).COOH,  when  heated  with  a  saturated  solution  of 
hydrobromic  acid  at  100°  (a  12°  F.);  when  treated  in  a  similar 
manner  with  hydriodic  acid,  however,  it  yields  propionic  acid^ 
but  /3-iodopropionic  acid  is  doubtless  formed  as  an  intermediate 
product.  This  iodo-acid  may  be  obtained  by  acting  on  syrupy 
lactic  acid  with  phosphorous  iodide  and  treating  the  product  with 
water.  Phosphoric  pentachloride  readily  acts  on  lactic  add  and 
metallic  lactates,  forming  j3-chloropropionic  chloride. 

Lactic  acid  is  itself  capable  of  undergoing  fermentation,  and 
if  in  the  preparation  of  the  add  from  sugar  the  fermentation  be 
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not  stopped  ^hen  the  conversion  into  lactate  is  complete^  the 
lactate  gradually  disagpears^  giving  place  to  a  mixture  of  acetate, 
normal  butyrate  and  normal  caproate.  It  may  also  be  converted 
into  propionic  acid  by  fermentation  (Fitz,  loc,  cit,). 

MetaUie  lactates. — The  salts  of  /3-hydroxypropionio  acid  are  less  charac* 
teristic  than  those  of  the  a-acid.  The  calcic  salt,  C,H^,CaO^  -f  5OH,,  forms 
aggregates  of  small  thin  needles,  soluble  in  9 — 10  pts.  of  oold  wcier.  Zincio 
lactate,  C^H^^ZnO^  +  3OH,,  crystallizes  in  small  colourless  prisms,  soluble 
in  about  60  pts,  of  cold  water  and  in  about  6  pts.  of  boiliug  water.  Sodic 
lactate  crystallizes  ouly  with  difficulty  and  from  very  concentrated  solutions; 
on  adding  sodium  to  the  fused  salt,  hydrogen  is  evolved,  so-called  dUodic  lactate 
or  sodic  sodoxypropionate,  CHj.CH(ONa).COONa,  being  produced ;  this  salt  is 
immediately  decomposed  by  water  into  sodic  lactate  and  sodic  hydrate. 

Mhylic  lactate,  CH,.CH(OH)  COOC,H,,  obtained  by  heating  syrupy  lactiq 
acid  with  alcohol  at  170''  (33^°  ^O*  ^^  ^J  distilling  a  mixture  of  a  metallic 
lactate  and  potassio  ethylic  sulphate,  is  a  colourless  liquid  boiling  at  156° 
(3 1 2° '8  F.);  it  is  easily  soluble  in  water,  but  the  solution  soon  becomes  acid 
from  its  decomposition  into  lactic  acid  and  alcohoL  Sodium  dissolves  in  it 
with  evolution  of  hydrogen,  forming  the  compound  CH,.CH(ONa).COOC,H,, 
which,  like  disodic  lactate,  is  immediately  decomposed  by  water.  Ethylic 
lactate  is  readily  acted  upon  by  the  chlorides  of  phosphorus,  but  apparently  two 
reactions  occur  simultaneously,  a  part  being  converted  into  ethylic  chloro- 
propionate  by  the  simple  displacement  of  the  OH  group  by  chlorine,  while 
another  part  forms  a  complex  phosphate,  perhaps  of  the  kind  indicated  by  the 
equation : 

3H0.CH(CH,).C0CKJ,H,  +  PCI,  =  3HCI  +  P[O.CH(CH,).(X)OC,H  J,. 

(1801)  Ethbbic  Acids  debived  fbom  Lactic  Acid  — By  acting  on  ethylic 
sodoxypropionate  with  ethylic  iodide,  it  is  converted  into  diethylic  lactate  or 
etkylic  fi^ethoxypropiojiate,  CH,.CH(OC,HJ.COOC,H,.  which  may  also  be 
obtained  by  the  action  of  sodic  ethylate  on  ethylic  /3-chloropropionate.  Ethylic 
/3-ethoxypropionate  is  a  colourless  liquid,  boiling  at  about  156°  (312°  E.) ;  it  is 
insoluble  in  water.  By  boiling  with  potassic  hydrate  solution  it  is  transformed 
into  potassic  fi^hoxypropionate  and  alcohol.  The  /3-ethoxypropionic  (ethyl- 
lactic)  acid  obtained  from  this  salt  is  a  somewhat  viscid  liquid  which  1x>il8  at 
about  195** — 198°  (383° — 388®'4  F.),  undergoing  partial  decomposition  ;  it  is 
not  decomposed  by  alkalies,  but  when  heated  with  concentrated  hydriodic  acid  it 
yields  lactic  acid  and  ethylic  iodide. 

Similarly,  ethylic  lactate  is  converted  by  the  action  of  acetic  chloride  into 
ethylic  acetolactate  or  jS-acetoxypropionate,  CH,.CH(O.C,HjO).COOH ;  and  by 
heating  this  compound  with  twice  its  volume  of  water  for  two  or  ^ree  hours  at 
150**  (302°  F.),  iS-acetoxypropionic  (acetolactic)  acid  is  produced.  The  former 
is  a  colourless  mobile  neutral  liquid,  insoluble  in  water,  boiling  at  177^ 
(350°'6  F.).  The  latter  is  a  viscid,  strongly  acid  liquid,  which  partially  decom- 
poses on  distillation,  and  is  easily  soluble  in  water ;  when  heated  with  water,  it  is 
gradually  converted  into  acetic  and  lactic  acids  (comp.  Wislicenus,  Ann,  Chem, 
Pharm.,  cxxv.  49). 

If  lactic  acid  be  dissolved  in  a  mixture  of  concentrated  nitric  and  sulphuric 
acids,  and  the  solution  be  then  poured  into  a  large  quantity  of  cold  water,  a 
colourless  viscid  heavy  oil  is  obtained  consisting  of  P-nitroxypropionic  acid, 
CH,.CH(0.0,N).COOH.  The  ethylic  salt  of  this  acid  is  produced  on  heating 
ethylic  lactate  with  a  mixture  of  nitric  and  sulphuric  acids ;  it  is  a  colonriess 
mobile  liquid,  having  a  strong  odour  like  that  of  ethylic  nitrate,  boiling  without 
decomposition  at  178''  (352**'4  F.)  (Henryj  Deut,  chem,  Qes,  BeTffm.  ^%z). 
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(1802)  Dehtdbolactic  Acid  and  Lactide.— Lactic  acid,  an  already- 
mentioned,  very  readily  loses  a  part  of  its  hydrogen  and  oxygen  as  water,  and 
thus  gives  rise  to  the  formation  of  two  componnds  derived  from  2  mols.  of  the 
acid  by  the  withdrawal  of  the  elements  of  i  and  2  moU  of  water  respectively. 
The  firot  of  these— dehydrolactic  amd,  is  a  body  of  very  complex  function*, 
being  at  the  same  time  monobasic  acid,  monohydric  alcohol  and  ethereal  salt; 
the  second,  lactide,  is  a  perfectly  neutral  substance,  and  may  be  regarded  as  an 
ethereal  salt  of  peculiar  constitution.  The  relation  of  lactic  acid  to  these  two 
compounds  will  be  evident  on  inspection  of  the  following  formuls : 
CH,.CH.OH  CH,.CH.OH  COOH  CH,.CH.O.CO 

COOH  CO.  0.  CH.CH,  CO.O.CH.CH, 

Lactic  Mid.  Dehydrolactic  add.*  Lactide. 

Dehydrolactic  acid  is  also  formed  on  heating  a  mixture  of  potassic  lactate  and 
/3-bromopionic  acid  at  100**— 1 30°  (212*— 248*'F.)  (Van  der  Briiggen,  ZeiU, 
^A«».  [2].v.338): 

CH,.CH.OH  COOH         CH..CH.OH  COOH 

'1  +1  =         •  I  I  +KBr. 

COOK  BrCH.CH,  CO  .  0 .  CH.CH, 

The  dehydration  of  lactic  acid  takes  place  even  at  ordinary  temperaturea  on 
exposing  an  aqueous  solution  in  a  dry  atmosphere,  and  still  more  rapidly  at 
higher  temperatures,  dehydrolactic  acid  being  produced  in  considerable  quantity 
before  the  whole  of  the  water  is  removed.  The  dehydro-acid  and  lactide  are 
both  reconverted  into  lactic  acid  by  boiling  with  water  ;  therefore  it  is  posaible 
to  ascertain  the  composition  of  mixtures  of  lactic  and  dehydrolactic  acids,  or  of 
the  latter  and  lactide,  by  neutralizing  the  solution  with  normal  alkali,  then 
boiling  with  an  excess  of  alkali,  and  aflerwards  determining  the  amount  of 
alkali  remaining  unneutralized.  In  this  manner  Wislicenus  {Ann,  Chem. 
Pharm.,  clxiv.  181)  has  analyzed  the  product  obtained  by  gradual  dehydration 
of  an  aqueous  solution  of  lactic  acid  with  the  following  results : 

Percentage  compofition. 

1 .  Original  aqueous  acid ;  a  thin  syrup  .     .     15*64     58*80     25*56        — 

2.  Afler  4  months'  exposure  in  the  exsicca- 

tor;  a  syrupy  liquid    4*0?     22*43     73-50        — 

3.  After  13  months'  exposure;  a  thick  syrup, 

insoluble  in  water —  —        97*^5        ^'^^ 

4.  After  16  months' exposure;  a  viscid  syrup       —  —        71 '4^      2869 

5.  After  18  months'  exposure;  a  stiff  mass, 

forming  threads  when  drawn  apart .     .        —  —        6077     39*50 

la.  Original  aqueous  a<*id 26*23     69*59       4*i8        — 

2  a.  After  heating  for  8  hours  on  the  water- 
bath  in  an  open  dish      .....        —        44'93     55*' '        — 

3a.  After  16  hours' ditto —        3000     71*49        — 

4a.  After  heating  the  residue  3  for  1 5  hours 
at  140* — 150°  C.  in  a  slow  current  of 
air —  —        52"5i     47'6i 


*  The  name  dilactic  acid  has  been  given  to  this  compound,  but  this  pro- 
perly belongs  to  the  dibasic  acid  0[CH(CHJ.COOH]j  analogous  to  diglyoolic 
acid  (1794),  which  has  not  yet  been  prepared,  however  (comp.  Van  der 
Briiggen,  Ann,  Chem,  Pharm.,  cxlviii.  224 ;  Heintz^  clvii.  20$). 
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The  numbers  in  this  table  do  not  in  all  cases  properly  represent  the  compo* 
sition  of  the  product,  lactide  doubtless  being  also  present  in  the  residues  obtained 
in  experiments  2a  and  3a,  for  example ;  but  no  method  is  known  of  quantita- 
tively analyzing  a  mixture  of  lactic  and  debydrolactic  acids  with  lactide. 

Pure  debydrolactic  acid  cannot  be  prepared  on  account  of  the  impossibility 
of  obtaining  it  free  from  lactic  acid  and  lactide.  Judging  from  the  behaviour  of 
products  sush  as  that  produced  in  experiment  3  of  the  above  Table,  it  is  an 
amorphous  substance  almost  insoluble  in  water,  in  contact  with  which  it  is  only 
very  slowly  converted  into  lactic  acid ;  on  dissolving  it  in  alcohol,  adding  an 
alcoholic  solution  of  potaasic  hydrate  and  then  precipitating  with  ether,  an 
amorphous  precipitate  consisting  of  the  potassic  salt  C^H^KO,  is  produced ;  by 
the  action  of  ammonia,  it  is  converted  into  a  mixture  of  lactamide  and  ammonic 
lactate  (Wislicenus). 

Lactide  is  best  prepared  by  passing  a  current  of  dry  air  through  syrupy 
lactic  acid  in  a  retort  heated  at  150°  (302**  F.);  it  gradually  sublimes  and 
collects  in  the  neck  of  the  retort,  leaving  but  a  very  small  residue.  Afler  re- 
peated recrystallization  from  absolute  alcohol,  it  is  obtained  in  colourless  rhombic 
plates,  melting  at  I24°*5  (256°'i  F.)  (Wislicenus,  ibid.,  clxvii.  319).  It  boils 
at  255®  (491°  F.).  It  is  insoluble  in  water,  which  very  slowly  converts  it 
into  debydrolactic  and  kctic  acids ;  alkalies  act  much  more  rapidly.  It  absorbs 
ammonia  gas,  forming  lactamide  CH,.CH(OH).CO.NH,.  Its  vapour  density 
'at  185°  (365°  F.)  in  Hofmann's  apparatus  corresponds  with  the  formula 
C^HjO^  (Henry,  Deut,  chem,  Ges,  Ber.,  vii.  753). 

(1803)  Sarcolactic  Acid;  Paralactic  acid. — This  acid  is 
contained  in  the  liquid  expressed  from  the  flesh  of  the  mammalia, 
being  most  abundant  after  rigor  mortis  has  set  in,  and  is  also 
present  in  fish-flesh,  and  in  oxen  and  pig's  bile.  Hilger  has 
stated  that  it  is  produced  on  fermenting  inosite,  but  Yohl  denies 
this  [ibid.,  ix.  984).  The  product  from  flesh,  according  to  Wis- 
licenus {Ann.  Chem.  Pharm.,  clxvii.  302,  355),  does  not  entirely 
consist  of  sarcolactic  acid,  but  also  contains  a  relatively  small 
amount  of  an  acid  identical  with  the  so-called  ethylenelactic  acid 
he  obtained  from  ethylenic  cyanhydrin  (comp.  1 798) ;  both 
Erlenmeyer  and  Klimenko,  however,  have  failed  in  separating  a 
second  acid  having  the  properties  described  by  Wislicenus  {ibid., 
cxci.  266). 

Sarcolactic  acid  is  not  distinguishable  from  ordinary  (fermen- 
tation) lactic  acid,  except  by  its  optical  activity ;  but  the  zincic 
salts  of  the  two  acids  differ  greatly,  for  on  slowly  evaporating  an 
aqueous  solution  the  sarcolactate  crystallizes  out  with  only  two 
molecules  of  water  in  well-formed,  short,  thick,  glistening  prisms, 
which  are  seldom  united  together ;  it  is  more  soluble  than  the  ordi- 
nary lactate,  as  it  dissolves  in  18*5  pts.  of  water  at  14° — 15° 
(57°-2 — 59°  F.),  and  readily  forms  supersaturated  solutions. 

Sarcolactic  acid,  like  ordinary  lactic  acid,  is  converted  into 
ethaldehyde  and  formic  acid  when  heated  with  dilute  sulphuric 
acid  at  130°  (266°  F.)  :   and  on  oxidation  with  chromie  acidi  it 
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yields  a  small  quantity  of  ethaldehyde^  together  with  acetic^ 
formic  and  carbonic  acids^  but  neither  oxalic  nor  malonic  acid* 
(Wislicenus). 

By  heating  syrupy  sarcolactic  acid  at  130^—140°  (266° — 
284°  F.),  it  is  slowly  converted  into  dehydro/ac/ic  acid,  which  yields 
the  ordinary  fermentation  lactic  acid  when  boiled  with  water 
(Strecker;  Wislicenus);  and  by  passing  a  current  of  dry  air 
through  the  acid  in  a  retort  heated  at  150°  (302°  P.)*  lactide  is 
produced  identical  with  that'  obtained  from  the  inactive  acid 
(Wislicenus).  If  a  solution  of  sarcolactic  acid  be  concentrated 
over  sulphuric  acid  in  vacuo,  it  also  undergoes  dehydration,  but 
the  resulting  compounds  exert  a  powerfully  loevorotatory  action  on 
polarized  light  (Wislicenus). 

Optical  Activity  of  Sarcolactic  Acid  and  its  Derivatives, — WiBlioenns  has 
shown  that  sarcolactic  acid  is  a  feehly  dextrorotatory  suhfitance,  but  it  in  imposBible 
to  ascertain  its  exact  rotatory  power  as  it  cannot  be  obtained  in  a  pure  state.  The 
apparent  specific  rotatory  power  of  the  acid  in  an  aqueous  solution  19  immediately 
diminished  by  the  addition  of  water,  the  diminution  being  the  greater  the  more 
concentrated  the  solution;  it  afterwards  gradually  increases,  bat  without 
attaining  its  original  value. 

The  extent  to  which  this  takes  place  will  be  seen  on  inspection  of  the  fol- 
lowing Table : 

Arooantofacidin  «  \ 

IccofBolation.  ^  '•. 

Original  solution,  Oct  24 '3994  •••  ^^'^3 

After  dilution,  Oct.  29 '3403  —  2**-oi 

Same  solution,  Nov.  7 *3407  —  ^^'SS 

„         „       Nov.  20 '3406  ...  2*'-26 

„       Nov.  30 -3406  ...  2^26 

After  further  dilution,  Dec.  4 '2124  ...  i°*4i 

Same  solution,  Jan.  4 '2125  ...  2^*07 

„         „         Feb.  12 -2125  ...  2*-2i 

„         „        March  12 "2125  ...  2®-66 

Again  diluted,  March  13 ^'^57S  •••  ^*'*99 

Same  solution,  April  26 *I57S  •••  2°'29 

To  explain  this  behaviour,  Wislicenus  supposes  that  an  aqueous  aolution 
of  the  acid  contains  not  only  the  acid  itself  but  also  the  corresponding  "  aoid- 
hydrol,"  C,H,0,  +  OH,  =  C,H,(OH).C(OH),,  and  dehydro-acid,  C,H;.0,.  On 
adding  water,  a  further  quantity  of  the  aoidhydrol  is  immediately  formed,  and 
this  having  a  lower  specific  rotatory  power  than  the  acid,  the  rotatory  power  is 
diminished ;  but  the  dehydro-aoid,  which  is  ksvorotatory,  is  aljso  acted  upon  by  the 
water,  although  much  more  slowly,  and  converted  into  the  dextrorotatory  acid, 
and  therefore  the  dextrorotatory  power  gradually  increases  again. 

Dehydrosarcolactio  acid   and   saroolactide   are  apparently  both  powerfully 


*  According  to  Dossios  (ibid,,  cxlvi.  168),  crude  sarcolactic  acid  yields 
malonic  acid  on  oxidation,  although  in  relatively  very  small  quantity  (Wislioenus, 
ibid.,  olxvii.  335);  but  Erknmeyer  has  attempted  without  aacoees  to  oonfinn 
this  statement. 
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loBTOtotatory,  a  mixture  oondisting  of  84*19  per  cent  of  the  former  with  16*04 
per  cent,  of  the  latter  in  an  alcoholic  eolation  containing  '1954  gram  per  ac, 
having  the  apparent  sp.  rot.  power  (o)j>  =  —  85°*93. 

The  sarcolactates  also  are  Icevorotatory.  Zincic  sarcolactate,  however,  has  a 
lower  apparent  sp.  rot.  power  in  sapersaturated  than  in  normal  eolation ;  thas 
the  valae  of  (a)],  for  the  «alt  ZnC^H^^O,  -f  2 OH,  in  the  cane  of  a  eolation  con- 
taining I  pt.  of  the  salt  to  86  pta.  of  water  ie  —  6®'36,  but  —  7***6  m  the  case  of 
a  solution  containing  i  pt.  of  the  salt  to  18*5  pis.  of  water.  The  app.  sp.  rot. 
power  of  calcic  sarcolaotate  calculated  for  the  anhydrous  salt  in  a  solution  con* 
taining  0535  gram  per  0.0.  is  -  5***25. 

(1804)  Tbicbloboulctic  Acid:  C,C1,H,0,  =  CC1,.CH(0H).C00H.— 
The  formation  of  this  compound  from  trichlorethaldehydrol  has  sJready  been 
described  (p.  744).  It  crystallizes  in  prisms,  melting  at  105°— 110°  (221° — 
230^  F.).  It  does  not  furnish  characteristic  metallic  xalts,  but  the  ethylic  salt 
crystallizes  well  from  dilute  alcohol  in  white  needles,  melting  at  67*^(1 5  2°*6  P.), 
and  it  boils  at  233^—237°  (45 1**-4— 458''*6  F.).  Alkalies  readily  decompose  it 
into  formate  and  trichlorethaldehydrol:  CC1,.CH(0H).C00H +  0H,« 
CCl,.CH(OH)j  +  H.COOH;  the  ethylic  salt  yields  ethylic  monochloracrylate 
when  submitted  to  the  action  of  nascent  hydrogen,  ethylic  monochlorolactate 
probably  being  first  produced:  OCl,.CH(Ofl).(X)OC,H.  +  2  H,  =  2HCI + 
CH,Cl.CH(OH).C(X)C,H.  =  CHCl=rCH.COOC,H,  +  OH,.  By  heating  with 
acetic  anhydride,  trichlorolactio  acid  is  converted  into  the  acetyl  derivative 
CC1,.OH(OX',H,0).COOH,  which  separates  from  its  solution  in  benzene  in  magni- 
ficent crystals,  melting  at  65^  (149''  F.)  (Pinner  and  Fuchs,  DeiU,  chem,  Oes. 
Ber.,  X.  1 061). 

By  dig^ting  bromal  (p.  747)  with  hydrocyanic  and  hydrochloric  acids,  it  is 
converted  into  tribromolactic  acid,  CBr,.CH(OH).COOH,a  crystalline  compound 
melting  at  about  142°  (287°'6  F.)  (Pinner ;  Wallach,  Ann.  Chem,  Pkarm,, 
cxciii.  50). 

(1805)  Chloralide  and  Analogous  Compounds. — ^The  rela- 
tion of  chloralide  to  trichlorolactic  acid,  the  methods  of  preparing 
it  and  its  properties  have  previously  been  described  (p.  744). 
The  explanation  which  Wallach  has  given  of  its  formation  from 
chloral  by  the  action  of  sulphuric  acid  involves  the  assumption 
that  trichlorolactide  is  first  produced;  but  it  appears  possible 
that,  as  Stadler  has  suggested  (ibid,,  cvi.  253),  it  is  derived  from 
so-called  metachloral,  which  perhaps  is  the  polymeride  of  chloral 
corresponding  tp  paraldehyde  (1646).  It  is  also  probable 
that  the  carbonic  oxide  which  is  evolved  is  a  direct  product  of 
the  action,  and  that  it  is  does  not  result  from  the  decomposition  of 
trichloromethane  in  the  manner  suggested  by  Wallach,  as  sul- 
phuric acid  does  not  act  so  readily  on  trichloromethane  that  the 
presence  of  the  latter  could  be  altogether  overlooked  if  it  were 
formed.  A  simple  explanation  of  its  production  is  afforded  by 
the  assumption  that  the  group  CCI3.CH  is  converted  by  the 
action  of  the  sulphuric  acid  into  the  group  COCl.CH,  either  by 
the  direct  displacement  of  two  atoms  of  chlorine  by  one  of 
oxygen^    or   by   the  formation  first  of   an  hydroxy-compound 
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CC\^{Oll),CIl,  which  subsequently  loses  HCl^  and  that  carbonic 

oxide  and  hydrochloric  acid  are  then  split  off. 

Wallach  has  shown  that  a  large  number  of  bodies  analogous 

in  composition  to  chloralide^  and  having  similar  properties,  may 

be    produced    by    the    action    of   aldehydes    such    as    trichlor- 

ethaJdehyde,  tribromethaldehyde  and  trichlorotetraldehyde  (1632) 

on  various  hydroxy-acids^  but  that  aldehydes  such  as  ethaldehyde 

and  benzaldehyde  do  not  enter  into  reaction  with  hydroxy-acids 

under  the   conditions  which  Aimish    ^' chloralides /'    it    would 

therefore  appear  that  only  those  aldehydes  in  which  the  radicle 

associated    with    the    COH    group   is    powerfully   negative   are 

available  for  the  preparation  of  these  compounds     (Ann.  Chem. 

Pharm,,  cxciii.  i).     The  following  may  here  be  mentioned: 

fO      ) 
con  I  ^^^^'  prepared  by  heating  a 

mixture  of  glycolic  acid  and  chloral  at  120° — 130°  (248® — 256° 
F.),  form  small  transparent  crystals  melting  at  42°  (io7°"6  F.). 

Lactic  cfdoraiide,  CH3.CH  ^.^^  CH.CCI3,  obtained  by  heat- 

ing  syrupy  lactic  acid  with  an  excess  of  chloral  at  150° — 160° 

{302° — 320°  P.),  closely  resembles  "  chloralide"  in  appearance ;  it 

melts   at  45°   (113°  F.),   and  boils   unchanged   at    about    224° 

(435°*  2  F.) ;  chlorine  has  but  little  action  upon  it. 

lO      1 
Bromalide,  CBrj.CHjp^^  CH.CBrj,  produced  by  heating  a 

mixture  of  tribromolactic  acid  and  bromal  at  110° — 120°  (230° — 
248®  F.),  melts  at  158°  (3i6°-4  F.);  it  is  rapidly  decomposed  by 
alcohol. 

By  heating  a  mixture  of  lactic  acid  and  bromal^  a  bromalide 

of  the  formula  CHj.CH  p^^lCH-CBrj  is  obtained,  which  is  also 

formed  by  the  action  of  bromine  on  lactic  acid  in  presence  of 
alcohol  (Klimenko,  Jour.  pr.  Chem.  [2]>  xiii.  98);  it  melts  at 
94""— 97°  (2oi°-2— 2o6°-6  F.). 

Isomeric  compounds  represented  by  the  formulse 


Glycolic  chloralide,  CH^ 


CCI3.CH 


^Q^jcHCBr,  and  CBr3.CH J^qqJcH.CI, 


are  respectively  produced  on  heating  mixtures  of  trichlorolactic 
acid  and  bromal  and  of  tribromolactic  acid  and  chloral ;  the 
former  melts  at  about  150°  (302^  F.),  and  the  latter  at  132° — 135° 
(269°-6-275^F.). 

(1806)  Hydeoxybutyric  Acids:  C^H803=C,Hg(OH).COOH.— 
Of  the  five  possible  hydroxy  butyric  acids,  the  three  which  can  be 
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formed  from  normal  butyric  acid  and  one  derived  from  isobutyric 
acid  are  known. 

a-HydroxyhtUyric  acid,  CH,(OH).CH,.CH,.COOH,  has  been  prepared 
by  the  action  of  baric  hydrate  on  succinic  aldehyde  (x668),  but  not  yet  suffi- 
ciently  examined.  On  oxidation  it  yields  succinic  acid ;  hydriodic  acid  appears 
to  act  upon  it  with  difficulty. 

fi'Hydroxyhutyric  acid,  CH3.CH(0H).CHs.C00H,  may  be  obtained  by 
oxidation  of  tetraldol  (1631);  by  heating  the  compound  CH,.CH(0H).CH,C1 
with  potassic  cyanide  and  decompoHing  the  resulting  cyanide  by  boiling  with 
alkali  (Markownikoff,  Ann.  Chem,  Fharm,,  cliii.  235) ;  and  by  the  action  of 
nascent  hydrogen  on  ethylio  aoetoaoetate,  CH,.CO.CHj.COOC,Hj  (WislicenuH, 
ibid.,  cxlix.  205).  It  is  bent  prepared  by  the  last-mentioned  method,  by  adding 
sodium-amalgam  to  an  aqueous  solution  of  the  acetoacetate. 

The  free  acid  is  a  viscid  syrup,  which  on  distilUtion  decomposes  into  water 
and  orotonic  or  a-methacrylic  acid,  CH,.CHlzCH.COOH.  Its  sodio  salt  crys- 
tallizes from  nearly  anhydrous  alcohol  in  flat  prisms,  which  are  extremely  deli- 
quescent ;  the  silver  salt  forms  blender  needles ;  the  zincic,  calcic  and  plumbic 
salts  are  amorphous  and  extremely  soluble. 

y-Hydroxyhuiyric  acid :  CH,.CILf.CH(OH).COOH.— This  acid,  which  is 
usually  termed  the  a-acid,  is  obtained  by  digesting  the  bromobutyric  acid  pro- 
duced on  heating  butjric  acid  with  bromine  (1770),  with  water  and  a  metallic 
hydrate.  It  crystallizes  from  a  concentrated  aqueous  solution  in  fine  needles, 
melting  at  44**  (iii°-2  P.)  ;  it  begins  to  boil  at  225°  (437°  P.),  but  the  ther- 
mometer gradually  rises  to  260°  (500^  P.),  at  which  temperature  the  retort 
contains  a  viscid  liquid  insoluble  in  wator ;  the  distillate  is  also  only  partially 
soluble  in  water,  and  does  not  deposit  crystals  even  when  cooled  to  o''  (32°  P.), 
but  salts  of  the  acid  may  be  prepared  from  it :  probably  therefore  a  dehydro- 
acid  is  formed.  Characteristic  of  this  acid  is  the  zincic  salt,  which  is  difficultly 
soluble  even  in  hot  water,  and  separates  from  it  in  nodular  aggregates  con- 
sisting of  fine  four-sided  prisms  of  the  composition  (C^HyO,),Zn  +  2OH, 
(Markownikoff,  loc.  cit). 

Dimethhydroayacetic  acid  ;  hydroxyisohutyric,  dimethoxalic,  butyhlactic 
or  acetonic  acid :  (CH,),.C(OH).COOH. — This  acid  is  best  prepared  by 
digesting  an  aqueous  solution  of  dimethbromaoetic  or  bromisobutyric  acid  with 
a  slight  excess  of  baric  hydrate,  t&c. ;  it  is  also  formed  by  oxidation  of  dimeth- 
acetic  acid  by  potassic  permanganate  (R.  Meyer,  DeuL  chem,  Q^,  Bar,,  xi.  1787); 
by  oxidation  of  the  amyleneglycol  (CH8)j.C(0H).CH(CH,).0H  (Wurtz) ;  by 
digesting  acetone  with  hydrocyanic  and  hydrochloric  acids  (Staler);  and  by  Prank - 
land  and  Duppa's  method  by  the  action  of  zincic  methide  on  ethylio  oxalate 
(1783,  7)  (com p.  Markownikoff,  loc.  cit ).  It  crystallizes  in  prisms  resembling 
oxalic  acid,  which  melt  at  75°7  (i68°*3  P.);  it  volatilizes  slowly  at  the  ordinary 
temperature,  and  readily  sublimes  at  50^  (122°  P.),  being  deposited  on  a  cool 
surface  in  magnificent  prisms;  it  boils  at  about  212^  (41 3^*6  P.),  and  distils 
unchanged  (Prankland  and  Duppa).  According  to  Markownikoff  (ibid.,  cxlvi. 
341),  only  the  pure  dry  acid  sublimes,  and  the  sublimed  acid  melts  at  79^ 
(1 74°'2  P.).  On  oxidation,  Jimethhydroxyacetic  acid  yields  dimethylketone  and 
carbonic  acid:  (CH^,C(OH).COOH  +  (O  +  OH,)  =  HO.COOH  +  (CH,),C(OH)^  = 
(CH,)jCO +OHj.  The  diraethhydroxyatietates  mostly  crystallize  well,  the 
zincic  salt  being  the  most  characteristic :  it  is  difficultly  soluble  both  in  cold 
and  hot  water,  and  crystallizes  in  microscopic  six-sided  plates  of  the  composition 
(C^HyO,),Zn  +  2OH,.  The  baric  salt  crystollizes  in  brilliant  needles ;  the 
argentic  salt  in  stellate  groups  of  nacreous  scales. 

By  heating   bromisobutyric   acid    with   an   alcoholic   solution   of  polassic 
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hydroxide,  it  u  converted  into  the  etheric  acid,  dimetketkoaeyaceUc  add, 
C(CH,),(OC,H^).COOH,  corresponding  to  dimethhjdroxyacetic  acid;  this  acid 
furnishes  easily  solnble  salts,  which  crystallize  well  (Hell  and  Waldbaaer,  Deui. 
ckem.  Oes.  Ber,,  z.  448). 

(1807)  Hydeoxy-penttlic  or  valeric  Acids. — Only  three  of 
the  considerable  number  of  possible  monhydroxy-derivatives  of  the 
four  isomeric  Taleric  acids  are  at  present  known ;  one  of  these  is 
formed  from  isoprimary  valeric  or  isopropacetic  acid^  the  other 
two  are  derived  from  secondary  valeric  or  methethacetio  acid. 

Isoprophydroxyaeetic  acid,  (CH,),CU.CH(OH).COOH,  has  been  prepared 
from  the  corresponding  isopropylbromacetic  (bromisoTaleric)  acid  (Fittig  and 
Clark ;  Schmidt  and  Sachtleben,  Ann,  Ckem.  Fkarm.,  czdiL  106),  and  also  by 
Frankland  and  Duppa's  method  from  ethylic  oxalate,  isopropylic  iodide  and  zinc 
(Markownikoff,  Zeits,  Chem.  [a],  vi.  516).  It  crystallizes  in  plates  melting 
at  82^  (179**^  F.),  easily  soluble  in  water  and  alcohol ;  its  salts  do  not  crystal- 
lize well ;  on  oxidation,  it  yields  isobutyric  and  carbonic  acids  (Ley  and  PopofiT) ; 
on  distillation  it  partially  passes  over  unchanged,  and  is  partially  converted  into 
the  corresponding  lactide,  (P)  Cj^H^O^ :  the  latter  crystallizes  from  alcohol  in 
fine  white  needles,  oielting  at  136  (276*'*8  F.) ;  it  is  scarcely  altered  by  dilate 
alkaline  solutions. 

An  acid  isomeric  with  the  foregoing  is  formed  on  oxidizing  valeric  acid 
(from  fermentation  amy  lie  alcohol)  with  potassic  permanganate ;  it  is  converted 
into  the  corresponding  acid  of  the  acrylic  series  by  merely  boiling  it  with  dilute 
sulphuric  acid  (com p.  Miller,  Veut.  chem,  Ocs.  Ber,,  xi.  1527).  Supposing 
it  to  be  derived  from  isoprimary  valeric  acid,  this  acid  probably  has  the  formula 
(CH,)^C(OH).OH,.CO()H  (oorap.  ibid.,  ni  2216). 

MethethkydroxyaceticKn  methethoxalie  acid :  0,H,.C(CH,)(OH).C(X)H,  is 
formed  as  ethylic  salt  on  heating  a  mixture  of  ethylic  oxalate,  methylic  and 
ethylic  iodide  and  zinc;  it  melts  at  63 **  (i 45^*4  F.),  and  sublimes  readily 
at  Too^  (212°  F.),  condensing  in  magnificent  stellate  groups  upon  a  oold 
surface;  it  boils,  with  decomposition,  at  190^  (374°  F.).  The  baric  and 
argentic  salts  crystallize  well  (Frankland  and  Duppa). 

yMethylr^'hydroxyhutyric  acid :  CH,.CH(OH).CH(CH,).COOH.— This 
acid  is  formed  as  sodic  salt  on  treating  a  solution  of  ethylic  acetometliaoetate  in 
aqueous  alcohol  with  sodium  amalgam:  CH,.CO.CH(CH,).COOC,H,+ 2H  + 
NaOH  =  CH,.CH(OH).CH(CH,).COONa  +  C.H.OH.  It  does  not  crystalline, 
and  cannot  be  obtained  in  a  pure  anhydrous  state,  as  it  is  gradually  con- 
verted into  a  dehydro-acid  on  exposure  over  sulphuric  acid  ;  on  distillation  it  is 
resolved  into  water  and  aj8-dimethacrylic  acid  CH,.CHZlC(CH3).C00H.  The 
argentic  salt  crystallizes  in  glistening  plates,  very  di£Bcultly  solnble  even  in 
boiling  water  (Rohrbeck,  Ann.  Chem,  Pharm.,  dxxxviii.  29). 

Tnchlorhydroxyvaleric  acid,  (P)  CH,.CCI,.CHC1.CH(0H).C00H,  n 
obtained  from  trichlorobutyric  aldehyde  (1632),  by  combining  it  with  hydroej^anic 
acid  and  digesting  the  resulting  cyanide  with  hydrochloric  acid.  It  is  a  cryatal- 
line  body,  melting  at  140°  (284^  F.),  easily  soluble  in  alcohol  and  in  water.  It 
furnishes  a  number  of  characteristic  derivatives  (comp.  Pinner,  Deut,  ckem. 
Gea.  Ber.,  xi.  1488). 

(t8o8)  Hydroxycaproic  Acids:  CgHi203=C6Hi^,(OH).COOH. 
— Only  three  of  these  acids  are  known,  two  being  derived  from 
diethacetic  acid. 

Leucic  acid:  (?)  C^H,.CH(OH).COOH.— By  the  action  of  nitrooa  acid. 
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leucine  (from  born;  1779)  is  converted  into  the  corresponding  hydroxy caproic 
acid ;  the  acid  thus  obtained  crystallizes  in 'hard  brittle  prisms,  melting  at  73° 
(i63°'4  F.).  Its  baric  and  zincic  salts  both  crystallize  in  glistening  nacreous 
scales,  very  much  like  leucine  itself,  difficulty  soluble  in  water ;  the  former  is 
anhydrous,  the  latter  has  the  composition  Zn(C,HjjOg),  +  OH^.  The  cuprie 
salt  is  very  difficultly  soluble  even  in  hot  water,  but  readily  crystallizes  from  hoi 
alcohol  in  voluminous,  pale-blue  glistening  scales  (Waage,  Ann.  Chem.  Pharm,^ 
cxviii.  295). 

DieihhydroxyaeeHe  or  diethoxalie  a^id:  (C,H,),C(0H).C0OH.— The 
ethylic  sale  of  this  acii  is  formed  on  digesting  a  mixture  of  ethylic  oxalate  and 
iodide  with  zinc.  The  acid  itself  crystallizes  from  a  pure  aqueous  solution  in 
minute  prismatic  needles,  but  if  the  solution  contain  a  small  quantity  of  sul- 
phuric acid  magnificent  large  prisms  are  obtained;  it  melts  at  74^*5  (i66°*i 
F.),  and  decomposes  on  distillation.  Its  barie  salt  is  very  soluble  even  in  cold 
water  ;  its  cuprie  salt  does  not  crystallize  ;  its  zincic  salt  crystallizes  in  nacreous 
scales  soluble  in  about  300  pts.  of  water  at  16*^(60^*8  F.)  (Franklnnd  and 
Duppa  ;  Geuther  and  Wackenroder,  Zeits,  Chem,  [2],  iii.  705). 

yEthyl'fi-hydroxyhutric  acid,  CH,.CH(OH).CH(C,H^).COOH,  obtained  by 
reducintr  ethylic  acelx)ethaoetate,  CH,.CO.CH(CgH  J.COOC,H^,  <&c.,  is  a  colourless  • 
syrup  which  becomes  viscid  on  exposure  over  sulphuric  acid  in  consequence  of 
the  formation  of  the  corresponding  dehydro-acid ;  on  distillation,  it  is  resolved 
into  water  and  a-methyl;^-ethylacrylic  acid,  CH,.CHii:C(CjHJ.C0OH.  Its 
argentic  salt  is  almost  insoluble  in  cold  water,  but  crystallizes  from  hot  water  in 
aggregates  of  colourless  glistening  plates ;  on  boiling  an  aqueous  solution  of  the 
cuprie  salt,  a  blue  insoluble  basic  salt  is  precipitated  (Waldsehmidt,  Ann,  Chem, 
Pharm,,  clxxxviii.  240). 

(1809)   Hydeoxyheptylic    Acids  ;    C^Hj^Oj. — Only  two    of 

these  are  known. 

Isoamylhydroxyaceiic  acid:  CjHjj.CH(OH).C(X)H.— By  digesting  a  mix- 
ture of  ethylic  oxalate  and  amylic  iodide  (from  fermentation  amylic  alcohol)  with 
zinc,  Frankland  and  Duppa  obtained  a  mixture  of  three  ethylic  salts  boiling 
respectively  at  about  203°  (397*'-4  F.),  225°  (437°  F.)  and  262°  (503**-6  F.)  : 
the  first  of  these  was  proved  to  be  the  ethylic  salt  of  isoamylhydroxyacetic  or 
amylhydroxalic  acid ;  the  second  they  regard  as  the  ethylic  salt  of  the  corre- 
sponding etheric  acid^  isoamylethoxyacetic  acid,  CjHjj.CH(OCjHj).COOH ;  the 
third  is  ethylic  diisoamylhydroxyacetate.  It  is  somewhat  difficult  to  account 
for  the  formation  of  the  first  of  these  compounds,  unless  it  be  supposed  that 
ethylic  diisoamylhydroxyacetate  is  first  produced  and  then  partly  resolved  into 
isoamylhydroxyacetate  and  amylene : 

{C,H,,)..C(OH).COOC,H,   =  C.H,^   +   C.H,,.CH(OH).OOOC,H^ 

or  that  a  splitting  off  of  amylene  takes  place  at  the  moment  of  the  action  of  the 
zinc  compound.  The  formation  of  the  etboxy  salt  shows  that,  supposing  the 
action  to  take  place  in  the  manner  suggested  on  p.  875,  theOCuH^Q  ^  ^  group  (^ 
the  oxalate  may  remain  intact  and  only  the  CO  group  be  affected.  Markowni- 
koff  has  observed  the  formation  of  the  three  corresponding  isopropyl  derivatives 
when  a  mixture  of  ethylic  oxalate  and  isopropylic  iodide  is  digested  with  zinc. 

According  to  Frankland  and  Duppa,  the  action  of  zincic  amylide  on  ethereal 
salts  of  oxalic  acid  is  susceptible  of  yet  a  fourth  modification,  for  if  amylic 
oxalate  be  employed  instead  of  ethylic  oxalate,  in  addition  to  the  amylic  salts 
corresponding  to  the  three  ethylic  salts  above  mentioned,  amylic  caproate, 
CjHj^.COOC^Hjj,  is  also  produced  ;  in  explanation  of  the  formation  of  this  com- 
pound, they  suggest  that  the  molecule  of  amylic  oxalate  divides  into  its  two 
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ooDRtitndDt  gronpB  of  COOC^H^^,  which  then  nnite  with  amyl  to  form  amjlie 
eaproate : 

CO.OC.H„ 

I         •    "    +    2C.H,,  =   2C.H^.C00C,H„. 

OO.OC^H,,  "  " 

Bat  it  may  also  be  suggested  as  being  more  probable  that  a  portion  of  the 
amylic  oxalate  is  oonverted  into  amylio  carbonate :  (CO.OC^H^J,  =  CO(OC^H,^), 
+  CO,  and  that  the  oaproate  results  from  the  action  of  the  zino  oompoand  <m 
this  salt ;  thus : 

Isoamylhydroxyaoetic  acid  crystallizes  from  water,  in  which  it  is  sparingly 
soluble,  in  nacreous  scales  fusing  at  60^*5  (i40°'9  F.).  The  baric  salt  crystal- 
lizes in  large  nacreous  scales  like  paraffin,  tolerably  soluble  in  water ;  the  oopric 
salt  is  very  spariogly  soluble  and  crystallizes  in  minute  light-blue  scalee.  The 
acid  having  these  properties  was  obtained  by  Frankland  and  Duppa  finom  a  zinc 
salt  remaining  after  treating  the  product  of  the  action  of  zinc  on  a  miztme  of 
ethylic  oxalate  and  amylic  iodide  with  water  and  distilling  off  the  ethylic  salts 
above  mentioned;  the  acid  prepared  from  the  ethylic  salt  boiling  at  203^0.  did 
not  crystallize,  and  its  baric  salt  was  only  obtained  as  a  crystalline  1 


y^'Metketh'P'hydroxybutyrie  acid,  CH,.CH(OH).C  |  §^  }  .COOH,  has 

been  obtained  by  reduction  of  ethylic  acetomethethacetate,  but  not  yet  examined ; 
its  argentic  salt  is  moderately  soluble  in  hot  water,  from  which  it  crystallizes  in 
glistening  plates ;  on  adding  cupric  sulphate  to  a  solution  of  its  sodic  salt  and 
then  boiling,  a  crystalline  basic  cupric  salt  is  deposited. 

(i8jo)  Hydboxyoctylic  Acids:  C8Hj^,03=C7Hi^(OH).COOH. 
-^Only  two  monhydroxy-derivatives  of  the  very  large  number  of 
possible  octylic  acids  have  been  prepared. 

Norwud-hexylhyd/roxyiJbceiic  acid,  C,Hj,rCH(OH).COOH,  is  obtained  by 
digesting  the  cyanoctylic  alcohol  produced  by  combining  normal  heptalde- 
hyde  with  hydrocyanic  acid  with  hydrochloric  acid.  It  crystallizea  in  large 
nacreous  scales, melting  at  69**5  (i57**'i  F.),  very  difficultly  soluble  in  water; 
when  heated  with  hydrochloric  acid  at  120^  (248^  F.),  it  yields  formic  add 
and  heptaldehyde  (Erlenmeyer  and  Sigel,  Ann,  Ckem,  Pharm.,  clxxvii.  102). 

Diisopropylh^droaya<:eHc  acid,  (C,H,),^  CH(OH).COOH,  prepared  by 
Frankland  and  Duppa*s  method,  crystallizes  in  colourless  slender  needles,  melting 
at  in'*  (231^*8  F.),  difficultly  soluble  in  cold  water.  It  yields  isopropyl  ketone 
on  oxidation  (Markownikoff). 

(18 11)  Hydroxydodecylic  Acids:  Cj^Hj^Oj. — ^Two  of 
these  acids,  the  highest  terms  of  the  series  at  present  known^ 
have  been  obtained. 

Diiwamylkydroxyaeetie  acid,  (C.H,j)j.CH(OH).COOH  (oomp.  1810), 
crystallizes  in  colourless  satiny  fibres,  insoluble  in  water;  it  melts  at  122° 
(251^-6  F.),  and  when  more  strongly  heated  sublimes  in  white  snow-like  flakes 
(Frankland  and  Duppa). 

y'DietK-^hydroxyhutyric  acid,  CH,.CH(0H).C(C,H,),.COOH,  prepared 
by  reducing  ethylic  acetodiethacetate,  does  not  crystallize,  but  gradually  under- 
goes conversion  into  the  corresponding  dehydro*acid  on  exposure  over  sulj^urio 
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acid ;  on  distillation  it  ib  resolved  into  ethaldehyde  and  diethacetio  aold  (Schnapp, 
Deut,  cketn,  Oet,  Ber.,  iz.  12 16). 

Di-^  Tbi-  and  Penthydroxy-acids  derived  prom  the  Acids 
OF  THE  Acetic  Series. 

(1812)  Oulj  the  following  are  known  : 

Dihydroxyacetic  or  glyoxylic  acid CH(OH),.COOH 

a  i*-Dihydroxypropionic  or  glyceric  acid  ...     .     CH,(OH).CH(OH).COOH 
Dihydroxyb'utyric  acid C,H,(OH),.COOH 

a-0-y-Trihydroxybatyric  acid C,H^(OH),.COOH 

Penthydroxycaproio  acids : 

Mannitic  acid 

Gluconic     „ 5^aH.(0HLC00H 

Dextronio   ,, 


;lc.H.(OHV( 


(1813)  Dihydroxyacetic  or  Glyoxylic  Acid:  C^Ilfi^= 
CH(0H)3.C00H.— This  acid  was  first  discovered  by  Debus 
among  the  products  of  the  oxidation  of  ethylic  alcohol  by  dilute 
nitric  acid^  and  was  subsequently  obtained  by  him  in  a  similar 
manner  from  glycol  and  oxaldehyde  or  glyoxal ;  according  to 
Heintz^  it  is  a  product  of  the  oxidation  of  glycolic  acid  and 
of  glycerol  (p.  544).  It  is  also  formed  on  boiling  the  argentic 
salt  of  dibromacetic  acid  with  water  (Perkin  and  Duppa) ;  and^ 
according  to  Churchy  it  may  be  obtained  by  the  action  of 
nascent  hydrogen  on  oxalic  acid. 

Bebns,  who  has  denied  the  possibility  of  the  existence  of  compounds  contain- 
ing more  than  a  single  hydroxyl-group  associated  with  the  same  carbon  atom, 
maintains  that  the  acid  thus  produced  is  not  dihydroxyacetic  acid  but  the  aide* 
byde-acid  of  the  formula  COH.GOOH,  and  considers  that  this  conclusion  is  sup- 
ported by  the  facts  (i)  that  it  is  formed  from  the  aldehyde  C,H,0^,and  that  the 
acids  contain  the  same  number  of  hydrogen  atoms  as  the  aldehyde  from  which 
they  are  derived ;  (2)  that  it  exhibits  certain  of  the  properties  of  aldehydes, 
combiniDg,  for  example,  with  a(^id  sulphites;  and  (3)  that  it  furnishes  an 
ammonic  salt  of  the  formula  C,HO,(NH^).  It  has  already  been  pointed  out, 
however  (149 1 ),  that  the  behaviour  of  aldehydes  such  as  meth-  and  ethaldehyde 
necessitates  the  conclusion  that  compounds  containing  more  than  a  single  OH 
group  associated  with  the  same  carbon  atom  can  and  do  exist,  and  that  in  the  forma- 
tion of  acetic  acid  from  ethaldehyde,  for  example,  the  latter  is  probably  first 
converted  into  ethaldehydrol,  which  is  then  oxidized  and  converted  into  the 
ortho-acid  or  acid-hydrol  corresponding  to  acetic  acid.  Similarly,  it  may  be 
supposed  that  an  aqueous  solution  of  oxaldehyde  contains  oxaldehydrol, 
CH^0H)^.CH(0H)2,  and  that  this  on  oxidation  yields  the  compound 
CH(OH)j.C(OH),,  which  is  subsequently  resolved  into  dihydroxyacetic  acid 
and  water.  The  formation  of  the  compounds  with  acid  sulphites  may  be  equally 
well  explained  by  aid  of  either  formula.  The  nature  of  the  ammonic  salt  in 
question  will  be  considered  later  on. 

To  prepare  dihydroxyacetic  acid  from  alcjhol,  220  grams  of  80  per  cent. 
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spirit  ifl  placed  in  a  tall  narrow  flask  of  about  1*5  litre  capacity,  and  by  means  of 
a  funnel-tube  drawn  out  to  a  fine  point  1 00  grams  of  water  is  carefolly  intro- 
duced below  the  alcohol,  and  afterwards  200  grams  of  red  fuming  nitric  acid  is 
poured  in  so  as  to  form  a  layer  below  the  water ;  the  flask  is  closed  with  a  cork 
provided  with  a  bent  tube  dipping  under  water,  and  is  then  left  at  a  tempe- 
rature of  20° — 22**  (68° — 7i°*6F.)  until  the  three  liquids  have  become  com- 
pletely mixed,  which  is  usually  the  case  after  6  or  8  days.  This  product  is 
evaporated  to  a  syrup  on  the  water- bath  in  portions  of  not  more  than  20—30 
grams,  and  the  residues — conHisting  of  glyoxal,  glycolic,  gl}  ozylic  and  oxalic 
acids — are  diHfolved  in  a  small  quantity  of  water,  the  solution  is  neutralized 
with  oaleic  earbonat*,  about  an  equal  volume  of  alcohol  is  then  added  and  the 
whole  thrown  on  a  linen  filter;  finally,  the  residue  on  the  filter,  after  being  well 
pressed,  is  repeatedly  extracted  with  boiling  water.  The  solution  thus  obtained 
deposits  calcic  glyoxylate  in  hard  pri^matic  crystals,  or  if  sufficiently  concentrated 
solidifies  to  a  gelatinous  mass  of  fine  needles,  which  after  a  few  days  shrinks 
together  in  consequence  of  the  formation  of  the  prismatic  crystals ;  a  second  and 
third  crop  of  crystals  may  be  obtained  by  concentrating  the  mother  liquor.  The 
free  acid  is  prepared  from  the  calcic  salt  by  double  deoompoditioo  with  the 
equivalent  amount  of  oxalic  acid  (Debus). 

To  procure  dihydroxyacetio  acid  from  dibromaoetio  acid,  an  aqaeons 
solution  of  argentic  dibromaeetate  is  boiled  until  the  whole  of  the  silver  is 
separated  as  argentic  bromide:  2CHBr,.C00Ag  +  2OH,  =  CH(OH),.COOH + 
CHBr,.COOH"f  2AgBr;  the  resulting  solution  of  dihydroxy-  and  dibromaoetie 
acids  is  then  carefully  neutralized  with  argentic  carbonate  and  bi>iled  until 
argentic  bromide  eeases  to  be  formed:  CH(OH),.COOAg  +  CHBr,.COOAg  + 
?0H,  --  2CH(0H),.C00H  +  2 AgBr.  The  filtrate  from  the  argentic  bromide  is 
evaporated  to  a  small  bulk  on  the  water-bath,  sufficient  hydrochloric  acid  is  then 
added  to  remove  the  traces  of  silver  present,  and  the  solution  further  concen- 
trated over  sulphuric  acid,  when  it  gradually  solidifies  to  a  mass  of  crystals 
(Perkin,  Joum,  Ckem.  Soc,  1877,  ii.  96). 

Dihydrdxyacetic  acid  crystallizes  apparently  in  monocliuic 
prisms^  very  soluble  in  water  and  alcohol ;  when  heated  it  melts 
to  a  syrupy  liquid,  which  cannot  be  distilled  without  decomposi- 
tion (Perkin).  According  to  Debus,  on  distilling  an  aqueous 
solution  of  the  acid,  at  first  pure  water  and  afikerwards  the  un- 
changed acid  pass  over ;  and  on  heating  the  syrupy  acid  in  a 
test-tube  it  volatilizes,  leaving  only  a  slight  black  residue.  It 
is  reduced  to  hydroxyacetic  or  glycolic  acid  by  nascent  hydrogen, 
zinc  dissolving  in  it  without  evolution  of  hydrogen  in  consequence 
of  this  behaviour;  it  is  scarcely  affected,  however,  by  hydriodic  acid 
at  100°  (2 1 2°  F.)  (Debus).  Alkaline  hydrates  very  readily  act  upon 
it,  converting  it  half  into  the  corresponding  glycolate  and  half  into 
oxalate,  mere  boiling  of  a  solution  of  its  calcic  salt,  for  example,  f<  r 
a  few  seconds  with  a  slight  excess  of  lime-water  or  milk  of  lime 
being  sufficient  to  completely  decompose  it  in  this  manner ;  this 
reaction  aflPords  a  ready  means  both  of  detecting  and  of  estimat- 
ing the  acid,  it  being  merely  necessary  in  tlie  latter  case  to 
ascertain  the  amount  of  oxalate  precipitated.     The  read  ion  may 
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"be  represented  by  the  following  equations^  supposing  the  potassie 
salt  and  potassie  hydrate  to  be  employed : 

CH(OH),.C00K  +  KOH  =  H  +  C(OK)(OH),  COOK  =  COOK.COOK  +  OH, ; 
CH(OH),COOK  +  H  =  CH,(OH).COOK  +  OH., 

Dibydroxyacetic  acid  is  also  converted  into  hydroxyacetic  acid 
on  adding  hydrochloric  acid  to  a  mixture  of  the  former  and 
hydrocyanic  acid,  the  reaction  being  attended  with  the  evolution 
of  carbonic  anhydride  (Bottinger,  Deut,  chem,  Ges.  Ber.j  x.  1084). 
On  the  other  hand^  it  is  very  readily  oxidized^  and  reduces  an 
ammoniacal  solution  of  a  silver  salt,  forming  a  brilliant  silver 
mirror.  It  is  decomposed  by  hydric  sulphide,  but  the  nature  of 
the  reaction  has  not  yet  been  satisfactorily  ascertained  (Debus ; 
Bottinger,  ibid.,  x.  1243). 

•  Dihydroxyacetates, — Tbe  metallic  dihydroxjaoetattfs  all  eorrespond  in  com- 
position to  th6  fonnula  G,H,M'0^,  and  cannot  be  deprived  of  the  elements  of 
water  without  undergoing  decomposition ;  they  are  obtained  by  neutralizing  the 
aeid  with  metallic  carbonates,  or  by  double  decomposition  from  the  calcic  salt. 

Calcic  Dihydroxyticetatet  [CH(0H),.C00]jCa,  crystallizes  in  hard  prisms  or 
thin  needles,  soluble  in  177  pts.  of  water  at  8^  (46^*4  F.);  it  may  be  heated  at 
i6o°— 170^  (320°— 338"  F.)  without  loss  of  weight,  but  at  180°  (356°  F.) 
it  is  decomposed,  water  and  carbonic  anhydride  being  given  off,  leaving  a  residue 
consisting  of  calcic  carbonate,  glycolate  and  oxalate,  together  with  a  resinous 
substance.  On  adding  lime-water  to  its  solution,  a  white  iiocculent  precipitate, 
'  apparently  consisting  of  a  basic  salt,  is  produced  ;  this  gradually  decomposes  at 
ordinary  temperatures  and  rapidly  on  beating,  furnishing  a  mixture  of  calcic 
glyoolate  and  oxalate* 

On  adding  the  equivalent  quantity  of  ammonic  oxalate  to  a  solution  of  calcic 
dihydroxyacetate,  and  evaporating  tbe  filtered  liquid  in  vacuo,  crusts  of  prismatic 
crystals  of  the  composition  C,H^NO,,  are  obtained.  According  to  Perkin  (loc. 
cit,),  although  the  freshly  prepared  solution  is  neutral,  it  gradually  becomes 
acid  on  evaporation,  and  he  therefore  infers  that  tbe  ammonic  dihydroxyacetate 
first  produced  is  gradually  converted  into  the  compound  C^H^NO,,  which  may 
he  regarded  as  amidohydroxyacetic  acid,  CH(NH,)(OH).COOH,  analogous  to 
"  aldehyde  ammonia,"  Imt  Debus  point»  out  that  many  other  ammonic  salts 
behave  similarly  when  their  aqueous  solutions  are  evaporated,  and  that  ammonia 
is  at  once  evolved  on  treating  the  compound  C,H,NO^  with  alkali,  which  is  not 
the  case  with  "  aldehyde-ammonia."  The  existence  of  an  ammonic  salt  of  tlie 
formula  COH.C00NH^,  however,  is  no  proof  of  the  non-existence  of  an  acid  of 
the  formula  CH(0H),.C00H  and  of  salts  derived  from  it,  or  of  the  existence 
of  an  acid  of  the  formula  COH.OOOH;  it  merely  tends  to  show  that  compounds 
of  both  forms  are  possible,  corresponding  to  ethaldehydrol  CH^.GH(OH),,  and 
ethaldehyde,  CH,.COH.  If  aniline  oxalate  be  employed  instead  of  ammonic 
oxalate,  a  clear  solution  is  at  first  obtained,  which,  however,  quickly  changes 
and  becomes  yellow,  depositing  an  orange-colonred  powder ;  this  product  does  not 
possess  the  properties  of  a  salt,  but  is  sc^uble  in  both  ammonia  and  dilute  hydro- 
chloric acid.  The  compound  C,H^O,  dissolves  in  large  quantity  in  water ;  on 
boiling  the  solution,  carbonic  anhydride  is  evolved  and  a  brown  resinous 
substance  produced.  A  number  of  the  metallic  dihydroxyacetates  enter  into 
reaction  with  ammonia  (comp.  Debus,  Ann.  Chem.  Fharm,,  cxxvi.  136)   ^ 
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Sodic  and  cakic  dihydrozyaoetates  form  compounds  with  tiie  eonnespondii^ 
acid  sulphites,  apparently  analagous  to  those  ohtained  from  the  aldehydes  : 

CH(OH),.COONa   +    HNaSO,   =    CH(OH)(NaSOJ.COONa    -h     OH^ 
CH(OH),.CH,   +   HNaSO,  =   CH(OH)(NaSO,).CH,   +    OH,. 

By  heating  crystalline  dihydroxyaoetio  acid  with  alcohol  at  120** — 130* 
(248^ — 266^  F.),  it  is  apparently  converted  into  ethylic  diethoxjaoetttbe, 
CH(OC,H^),.COOC,H,  (Perkin),  but  this  compound  is  more  readily  prepared 
from  diohloracetic  acid  (Schreiber,  ZeiU.  Chem,  [2],  vi.  167). 

(1814)  a-/3-DlHYDROXYPBOPIONIC  OF  GLYCERIC  AciD  I  CjH^O^ss 

CH2(0H).CH(pH).C00H. — This  acid  is  obtained  by  oxidiMng 
glycerol,  either  with  dilute  nitric  acid  (Debus,  Socoloff),  or  by 
heating  it  with  bromine  and  water  (Barth). 

To  prepare  it,  100  pts.  of  glycerol  dissolved  in  about  an  equal  bulk  of  wate' 
is  placed  in  a  glass  cylinder,  and  100 — 125  pts.  of  fuming  nitric  acid  ia  int»- 
duced  below  it  by  means  of  a  funnel-tube.  The  two  layers  of  liquid  graduallj 
mix,  and  gas  is  copiously  evolved.  After  several  days,  when  the  cixidatioa  is 
completed,  the  product  is  evaporated  in  a  large  flat  dish  on  the  water-batli ;  tiit 
syrupy  residue  is  dissolved  in  a  considerable  quantity  of  water,  the  solation  ii 
then  heated  to  boiling,  neutralized  with  plumbic  carbonate  or  oxide,  care  bein^ 
taken  to  avoid  an  excess  if  the  latter  be  employed,  and  is  filtered  while  still  Bot; 
as  the  liquid  cools,  crude  plumbic  glycerate  is  deposited  in  crystalline  cnula 
It  is  purified  by  repeated  recrystallization,  with  the  aid  of  animal  charooaL  To 
obtain  the  free  acid,  a  warm  saturated  solution  of  the  plumbic  salt  is  decomposed 
with  hydric  sulphide  (comp.  Mulder,  Deut.  ekem,  Ots.  Ber.,  iz.  1902). 

Glyceric  acid  forms  a  colourless  thick  syrup,  soluble  in  all 
proportions  in  water  and  alcohol.  Its  metallic  salts  are  soluble 
in  water  and  mostly  crystallize  well ;  they  all  correspond  in  com- 
position with  the  formula  CgHgM'O^.  It  appears  to  behave  like 
lactic  acid  when  heated :  that  is  to  say,  it  loses  the  elements  of 
water  and  yields  dehydro-derivatives ;  when  distilled,  it  yields 
pyruvic  acid,  CH3.CO.COOH.  It  is  readily  converted  into 
o-iodopropionic  acid  by  the  action  of  phosphorus  iodide  or 
hydriodic  acid,  90  per  cent,  of  the  theoretical  amount  of  iodo- 
acid  being  obtainable  (comp.  Erlenmeye^  Ann.  Chem.  Pharm,, 
cxci.  284).  It  yields  the  corresponding  a-chloropropionic  add 
when  submitted  to  the  action  of  phosphoric  pentachloride 
(Wichelhaus ;  Ueintz,  ibid.,  clvi.  35) ;  the  amount  produced  is 
small,  however,  and  the  nature  of  the  reaction  by  which  it  is 
formed  is  at  present  obscure.  Glyceric  acid  is  very  readily 
oxidized ;  it  reduces  an  ammoniacal  solution  of  a  silver  salt.  It 
is  much  more  stable  than  dihydroxyacetic  acid  in  presence  of 
alkaline  hydrates,  a  solution  of  baric  glycerate  being  unaffected 
by  several  hours'  boiling  with  baric  hydrate  (Debus) ;  but  on  boil- 
ing down  with  potassic  hydrate,  it  yields  a  ndxture  of  potaaiio 
lactate,  formate  and  oxalate  (Debus),  the  firat  of  the^e  PI^KCii 
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Tesnlting  doubtless  from  the  action  of  the  hydrogen  displaced  in  the 
formation  of  the  two  latter. 

(1815)  /3*-DiHTDBoxTPBOPiOKio  AoiD :  CH,.C(OH),.COOH.— This  acid 
is  not  known  in  the  free  state,  bat  probably  is  a  constituent  of  an  aqneons  eola- 
tion of  acetoformic  acid  (1820).  The  trichloro-derivative,  so-called  isotnchloro* 
glyceric  acid,  CCl,.C(OH),.COOH,  is  prodaoed  on  treating  gallic  and  salicylic 
acid  or  phenol  with  a  mixture  of  potassic  chlorate  and  hydrochloric  acid.  It 
crystallizes  in  long  flat  needles,  melting  at  about  100^  (212*"  F.)f  «riareme1y 
soluble  in  all  ordinary  solvents ;  it  readily  sublimes,  and  may  even  be  distilled 
without  much  loss.  It  is  at  once  decomposed  by  alkalies,  forming  trichloro- 
methane  andan oxalate :  CC1,.C(0H),.C00H  +  OH,  =  CCl.H  +  C(OH),.COOH  = 
OOOH.COOH  +  OH, ;  and  nascent  hydrogen  converts  it  into  lactic  acid  (Schreder, 
Ann.  Ckem.  Pharm.,  dxxviL  282). 

The  tribromo-acid  obtained  by  Grimaux  (Cfompt  Bend,,  Ixxviii.  974)  by  the 
action  of  bromine  on  acetoformic  and  lactic  acids  has  yery  similar  properties ;  it 
crystallizes  in  naphthalene-like  plates  of  the  composition  C,HBr,0,  +  2OH,  =  (P) 
CBr,.C(OH),.C(OH),,  which  are  not  altered  on  exposure  in  vacuo,  but  only 
lose  their  (?)  water  of  crystallization  after  sevend  hours'  heating  at  100^ 
(212^  P.). 

A  closely  allied  compound,  which  probably  has  the  formalaCBr,.C(NOJ,.COOH, 
is  produced  on  treating  tribromophloroglucol  (1535)  with  nitric  acid;  this 
body  yields  nitrotribromomethane  and  oxalic  acid  on  decomposition  by  water 
(Benedikt,  Ann,  Ckem,  Phatm.,  dxxxiv.  255). 

(1816)  Tbihtdboxtbdti?bic  Acid:  C  H.O. « C,H^(0H),.C00H.— The 
acid  obtained  by  oxidation  of  erythrol  (1540)  probably  has  this  constitution. 
Little  is  known  of  its  properties  (oomp.  Sell,  Ckmpt,  Bend.,  1x1.  741 ;  Lamparter, 
Ann,  Chem,  Pharm.,  cxxxiv.  260). 

(1817)  Pbnthtdboxtcapboic  Acids:  CeHj,0,  =  C,H/0HX.C00H.— 
Three  acids  which  may  be  regarded  as  having  this  constitution  are  known,  viz., 
mannitio,  gluconic  and  deztronic  acids. 

Mannitic  acid,  obtained  by  oxidation  of  mannitol  (1545),  is  an  amorphous 
extrei^ely  soluble  substance.  The  metallic  salts  which  have  been  prepared  from 
it  are  amorphous  and  mostly  very  soluble,  but  they  are  apparently  basic  salts 
(Gk>mp-Beeanez,  ibid.,  cxviii.  257). 

Gluconic  and  dextronic  acide, — The  formation  of  these  acids  from  dextfo- 
glucose  and  starch  respectively  has  already  been  described  (pp.  582,  625) :  the 
latter  may  also  be  obtained  from  dextrin  (Habermann,  Ann.  Chem,  Pharm,, 
clxii.  297).  Both  are  optically  active,  but  dextronic  acid  has  a  slightly  higher 
dextrorotatory  power  than  gluconic  add.  Their  baric  and  calcic  salts  aUo  differ 
slightly  in  composition,  that  of  the  gluconates  being  represented  by  the  formula 
(C,HjjO,),Ba  +  3OH,  and  (C.H^jOy),Oa  +  2OH,.  the  dextronates  by  the  formulie 
(C,H„0,),Ba  +  40H,  and  (C,Hj^O,),Ca  + OH,,  but,  according  to  Habermann, 
baric  dextronate  is  converted  into  the  isomeric  gluconate  on  recryscallization. 

Acids  op  thb  form  C,jHgn_jO.COOH  derived  prom  the  Acids 

OF  THE  Acetic  Series. 

Ketonic  Acids  of  the  Acetoformic  Series. 

(18 18)  The  acids  of  this  form  may  he  regarded  as  derived 
from  the  acids  of  the  acetic  series  hy  the  displacement  of  two 
atoms  of  hydrogen  in  the  CqHj^^i  radicle  by  a  single  atom  of 
oxygen ;  the  acids  produced  when  both  the  atoms  of  hydfOgen  i 
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which  are  displaced  are  associated  with  the  same  carhon  atom  may 
be  represented  by  the  general  formula  C^Hjj^+i.CO.CnH^n.COOH, 
whereas  those  formed  by  the  displacement  of  hydrogen  atoms  asso- 
ciated with  contiguous  carbon  atoms  may  be  regarded  as  deri- 
vatives of  ethylenic  oxide  and  its  homologues.  Only  one  repre- 
sentative of  this  latter  class  is  known,  but  the  former  includes  a 
considerable  number  of  acids.  The  monhydroxy-derivatives  of 
he  acids  of  the  acrylic  series  would  also  be  acids  of  the  form 
CNHjn.iO.COOH,  but  at  the  present  such  are  not  known 
with  certainty  to  exist  (comp.  Ricinoleic  Acid). 

The  acids  of  the  form  C^H^^+i.CO.C^Hjj^.COOH  may  be 
termed  ketonic  acids ,  as  inconsequence  of  the  presence  of  the  group 
CO  they  exhibit  many  of  the  reactions  characteristic  of  ketones  in 
addition  to  the  ordinary  reactions  of  acids.  An  acid  of  this  form 
obviously  cannot  be  derived  from  formic  acid.  The  acid  of  the 
formula  COH.COOH,  derived  from  acetic  acid,  is  theoretically 
the  first  term  of  the  series,  but  there  is  no  satisfactory  evidence 
of  the  existence  of  such  a  compound  (comp.  p.  901),  the 
lowest  term  of  the  series  being  acetoformic  or  pyruvic  arid, 
pH3.CO.COOH,  which  is  derived  from  propionic  acid. 

Obviously  the  acids  of  the  form  CnHj„_jO.COOH  may  equally 
well  be  regarded  as  derived  from  the  monhydroxy-derivatives  of 
the  acids  of  the  acetic  series  by  the  withdrawal  of  two  atoms  of 
hydrogen,  or  from  the  dihydroxy-acids  by  the  removal  of  the 
elements  of  a  molecule  of  water. 

The  ketonic  acids  are  conveniently  distinguished  by  regarding 
them  as  formed  by  the  introduction  of  so-called  acid  radicles  of  the 
form  C^Hgn  ^  ^.CO  in  place  of  an  atom  of  hydrogen  in  the  CnHg^+i 
radicle  of  the  acids  of  the  acetic  series ;  thus  pyruvic  acid  is 
acetoformic  acid,  and  the  compound  CHg.CO.CHgCOOH  aceto- 
acetic  acid. 

The  ketonic  acids  cannot  all  exist  in  the  fr^e  state  or  as 
metallic  salts,  some  being  only  known  as  ethereal  salts;  this 
apparently  is  the  case  with  all  acids  of  the  forms  R.CO.CHj.COOH, 
R.CO.CHR.COOH  and  R.CO.C(Rg).COOH. 

(18 19)  AcETOFOBUic  Acid ;  Pyruvic  or  Pj/roracemic  add:  C,H^O,= 
CH,.CO.COOH. — This  acid  was  discovered  by  Berzelius  in  1830,  who 
obtained  it  as  a  product  of  the  dry  distillation  of  tartaric  acid.  It  ia  also 
formed  by  dry  distillation  of  glyceric  acid  (Moldenhauer ;  comp.  Bottinger,  Deui. 
chem,  Ois.  Ber.,x.  266).  It  may  be  produced  synthetically — i.  by  heating 
^-dichloropropionic  acid  (1769)  with  water  alone,  or  with  water  and  a  metallic 
hydroxide  or  carbonate;  2.  by  heating  argentic  chloracrylate  with  water: 
CH  — CCLCOOAg  +  OH,  =  CH,.CCl(OH).COOAg  =  CH,.CO.COOAg  +  HQ  = 
CH,.CO.COOH  +  AgCl  (BecknrtB  and  Otto,  ibid.,x.  265,2037);  and  3.  by 
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warming  acetoformamide,   CH,.CO.CO.NH,,  with    a   alight  excess  of  dilute 
hydrochloric  acid  (1757  ;  comp.  ibid.,  xi.  1563). 

,  As  obtained  by  rectifying  the  crude  distillate  from  tartaric  acid  several 
times,  collecting  apart  the  portion  which  boiln  at  155® — 165°  (311** — 329T.). 
acetoformic  acid  is  a  somewhat  viscid  liquid  of  the  sp.  gr.  i°-24 — 1^*26,  readily 
soluble  in  water  and  alcohoL  If  it  be  heated  at  about  170®  (338**  F.)  for  several 
hours,  carbonic  anhydride  is  evolved,  and  it  is  converted  into  a  resinous  mass, 
from  which  hot  water  extracts  small  quantities  of  acetic,  pyrotartaric  and  uvio 
acids  (Bottinger,  Ann,  Chem,  Pharm.,  clxxxviii.  293) ;  and  as  this  decomposi- 
tion also  takes  place  to  a  certain  extent  on  mere  distillation  of  the  acid,  it  cannot 
be  obtained  of  fixed  boiling  point.  By  the  action  of  sodium  amalgam  on  its 
aqueous  solution,  or  by  heating  with  hydriodic  acid,  it  is  converted  into  lactic 
acid  (Wislicenufi),  which  is  also  produced  by  dissolving  zinc  in  a  mixture  of 
acetoformic  and  acetic  acids  (Debus) ;  if  an  alcoholic  solution  be  digested  with 
zinc,  a  small  quantity  of  dimethyltartaric  acid  is  aL^o  formed :  2CH,.C0.C00H  -»■ 
2H  =  [CH,.C(OH).COOH],  (Bottinger).  Another  method  of  converting  it  into 
lactic  acid  consists  in  digesting  it  with  hydrocyanic  acid  and  warming  the  product 
with  hydrochloric  acid  (Bottinger).  On  oxidation,  acetoformic  acid  yields  either 
carbonic  and  acetic,  or  carbonic  and  oxalic  acid,  according  to  the  nature  of  the 
oxidizing  agent. 

It  combines  directly  with  bromine,  forming  an  extremely  unstable  crystalline 
dibromide,  C^H^Br^O,,  which  appears  to  be  converted  into  a  crystalline  mono- 
bromopyruvic  acid  by  the  action  of  water  (Wislicenus,  ibid.,  cxlviii.  208).  By 
heating  pyruviq  acid  dissolved  in  a  small  quantity  of  water  with  a  single  mole- 
cular proportion  of  bromine  until  the  latter  disappears,  a  liquid  monobromo-acid 
is  obtained ;  if  twice  the  quantity  of  bromine  be  taken,  a  crystalline  dibromo- 
acid,  C,H,Br,O3+2OH,  =  (?)CHBr,.C(0H),.C(OH)„  is  formed;  but  if  the 
heating  be  continued  after  the  bromine  is  absorbed,  the  hydrobramic  acid 
present  acts  upon  this  dibromo-acid,  converting  it  into  pentabromaoeton«* : 
CHBr,.C(OH),.COOH  +  3HBr  =  CHBr,.CO.CBr,  +  3OH,  (Wiclielhaus,  ibid,, 
dii.  260).  By  employing  a  still  larger  amount  of  bromine,  a  crystalline  tribromo- 
derivative  is  produced  (comp.  181 4).  On  treatment  with  phosphoric  penta- 
chloride,  pyruvic  acid  yields  /S^-dichloropropionic  chloride,  OH,  0Cl,.CO01 
(Klimenko). 

By  passing  hydric  sulphide  into  the  fnshly  distilled  acid  it  is  converted 
into  a  white  pulverulent  substance  of  the  formula  C^Hj^SO, ;  by  the  action  of 
hydriodic  acid  this  product  is  transformed  into  crystalline  3-thiohydropropionic 
acid,  CH,.CH(SH).COOH,  identical  with  that  obtained  from  /3-chloropropionio 
acid  and  a  metallic  thiohydrate;  this  latter  compound  is  also  produced  on 
saturating  a  solution  of  argentic  acetoformate  with  hydric  sulphide  (Bottinger). 

Pyruvic  acid  gradually  alters  when  kept,  becoming  yellow-coloured  and 
viscid,  and  it  cannot  be  recovered  entirely  unchanged  from  its  salts ;  if  it  be 
several  times  evaporated  with  water  on  the  water-bath,  it  is  almost  completely 
converted  into  a  syrupy  acid,  incapable  of  forming  crystalline  salts,  which 
apparently  is  a  polymeric  modification  of  the  original  acid.  It  also  undergoes 
coudeudation  with  remarkable  facility,  yielding  pyrotartaric  acid,  C^H^O^,  and 
mesaconic  acid,  G^H^O^,  on  digestion  with  hydrochloric  acid ;  and  uvic,  CyH^O,, 
and  a  diiuethylbenzoic  acid  (uvitic  acid),  C^H,0,,  together  with  acetic  and  oxalic 
acid  and  other  products,  on  boiling  its  aqueous  solution  with  baric  hydrate 
(comp.  Bottinger,  loo,  cit;  •6i(f.,clxxii.  239). 

Metallic  acetofarmaies, — The  most  characteristic  salt  is  the  argentic  salt, 
CH,.CO.COOAg,  obtained  by  neutralizing  a  warm  solution  of  the  acid  with 
argentic  carbonate;  it  crystallizes  iu  broad  pUtes  and  prisms.  The  baric, 
potassic,  and  sodic  salta  are  also  crystalline,  provided  that  they  are^repared 
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without  the  aid  of  heat,  hut  if  their  fiolutioM  are  concentrated  on  the  water- 
hath  thej  form  gummy  amorphous  mawea.  On  adding  an  excess  of  baric 
hydrate  solution  to  a  solution  of  pyruvic  acid,  a  white  precipitate  is  produced,  t« 
which  Finck  ansigns  the  somewhat  improhahle  formula  CjgH^Ba^O^g.BaHjO,. 

(1820)  Hydboxtacbtofoemic  Acid  or  Cabbacetoxylic  Acid :  C,H^O^  = 
CH,(OH).C0.C00H.— According  to  Wichelhaus  {ibid,,  cxliii.  7),  the  silver  salt 
of  this  acid  is  formed  on  digesting  a  solution  of  a-chloropropionic  acid  with  an 
excet>8  of  argentic  hydroxide.  It  crystallizes  in  hundles  of  glistening  needles. 
The  free  acid  is  a  syrup ;  it  is  converted  into  glyceric  acid  by  nascent  hydrogen. 

( 1 8  2 1 )   DbH YDBO-a-P-DIHYDBOXYBTJTYBIC  AciD :  C^H^O,  =  C,H^0.C?0OH. 

— This  acid   is   obtained  by  converting  the  chloropropylenic  oxide  (so-called 

fCH, 
epichlorhydrin)Oj  |  into  the  corresponding  cyano-derivative  by  canAil 

(CH.CHjCl 
treatment  with  a  dilute  aqueous  solution  of  pttre  potassic  cyanide,  and  boiling 
this  compound  with  hydrochloric  acid.     It  crystallizes   in   glistening  prisms 
melting  at  225**  (437°  ^•)>  easily  soluble  in  hot,  but  difficultly  in  cold  water 
(Pazschke,  Jour.  pr.  Chem.  [2],  i.  97  ;  Hartenstein,  ibid,,  vii.  295). 

It  does  not  unite  with  hydrochloric  acid ;  heated  with  hydriodic  acid,  it 
yields  butyric  acid. 

(1822)  AcETOACETic  Acid  :  CHg.CO.CHj.COOH.— This  acid 
cannot  exist  either  in  the  free  state  or  in  the  form  of  a  metallic 
salt,  but  its  ethereal  salts  are  stable  compounds  and  are  of  great 
importance  as  synthetical  agents.  These  salts  are  prepared  from 
the  corresponding  acetates  by  the  action  of  sodium ;  the  nature 
of  the  reaction  involved  in  their  formation  has  been  the  subject 
of  much  discussion. 

Lowig  and  Weidmann,  in  1840  (Pogg,  Ann,  1.  95),  in  the  ooarse  of  an  invesu 
tigation  on  the  action  of  the  alkali  metals  on  various  ethereal  salts,  observed  that 
ethylic  acetate  was  violently  attacked  by  potassium  without  any  gas  being 
evolved,  but  they  did  not  definitely  establish  the  nature  of  the  reaction,  and  the 
subject  did  not  again  attract  the  attention  of  chemists  until  1863 — 1865.  In 
the  former  year,Geuther  stated  {Obttinger  Anzeigen,  1863,  p.  281)  that  ethylic 
acetate  was  capable  of  dissolving  about  12  per  cent  of  its  weight  of  sodium  with 
evolution  of  hydrogen,  and  that  the  final  product  was  a  mixture  of  sodie  ethy- 
late  and  a  sodium  compound  of  the  formula  C^H^NaO,,  produced  in  aooordance 
with  the  equation:  2C^H,0,+ 2Na=^  H,  +  C,H,ONa  +  C,H,NaO,;  the  ktter 
compound  was  isolated  in  a  pure  state,  and  its  properties  most  carefully  aaeer- 
tained,  and  it  was  shown  that  by  heating  it  in  a  current  of  hydrochloric  acid  gas 
the  eorresponding  hydrogen  compound  C^H^^O,  could  be  obtained,  and  that  by 
treating  it  with  methylic  and  ethylic  iodide,  the  sodium  could  be  displaced  by 
methyl  and  ethyl.  Holding  peculiar  views  as  to  the  constitution  of  acetic  add, 
Oeuther  assigned  peculiar  rational  formulse  and  names  to  these  compounds, 
terming,  for  example,  the  compound  O^H^^O,,  ^' dimethylmioarbonMureaikf' 
lenatker**  or  diaeeUduredther,  and  representing  it  by  the  formula  (old  notation) 

C.H.,C.O   IHO  jjj^ 

C,H.,  C,0,  /  HO,  C,H,,  acetic  acid  being  C,H„  C,0,  |  go  5 

but  he  subsequently  (Jenaische  Zeltsekrift  f,  Medecin  u.  Naturw,  1865,  387) 
somewhat  modified  his  views,  and  termed  the  compound  C^H^^O^  ethyidiaoetac 
acid  instead  of  diacet!c  ether,  as  he  found  that  it  was  capable  of  exchanging  an 
atom  of  hydrogen  for  metak.  ^  , 
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Meanwhile  Frankland  and  Dnppa  published  a  inoet  important  memoir 
{Phil,  TranB.,  dvi.  37),  in  which  they  described  the  product  obtained  on 
disaolying  as  much  sodium  as  possible  in  ethylio  acetate  and  at  once  treating 
the  entire  crude  product  with  moniodo-paraffins.  Using  ethylic  iodide  they 
obtained  four  distinct  products,  viz.,  ethylic  ethaeetaU,  C^H^CH^.COOO^H^, 
ethylic  dietharetate,  (C,H^),CH.COOC,H^,  ethylic  ethacetonecarbanate, 
CH,.CO.CH(C,HJ.COOC,H,— a  substance  having  all  the  properties  described 
by  Genther  as  characteristic  of  that  prodnced  on  treating  the  compound 
C,H,NaO,  with  ethylic  iodide,  and  ethylic  diethetcetonecarbonate 
CHj.CO  C(C,H  Jj.COOCjH,.  Analogous  compounds  were  obtained  when  other 
moniodo-paraffins  were  employed.  In  order  to  explain  the  formation  of  theee 
different  bodies,  Frankland  and  Duppa  assumed  that  three  other  sodium  com- 
pounds were  formed  besides  that  isolated  by  Grenther,  and  represented  the  action 
of  sodium  on  ethylic  acetate  by  the  following  equations : 

I.  2CH,.C00C,H,   +    2Na  =   H,  +    2CH,Na.C00C,H.. 

II.    CH,.COOC,H,   +    2Na  =   H,  +      CHNa,.COOC,.H,. 

CH,  CHNa,COCH.. 

III.  41    •  +    4Na   =   H,   +  aH.ONa   +    1 

CO.OC,H.  «  «    •  CO.OC,H^ 

CH.  CNa,.CO.CH.. 

IV.  4 1    •  +    6Na   =  2IL  +  2aH..0Na  +1 

CO.OC,H,  *    •  CO.OC,H,. 

From  these  various  compounds,  the  above-named  ethylic  derivatives  were  sup* 
posed  to  be  formed  by  the  direct  displacement  of  the  sodium  by  ethyl. 

Geuther  maintained,  however,  that  no  other  sodium  derivatives  than  the  two 
he  had  isolated  were  formed  in  the  reaction,  and  stated  as  a  further  proof  of  the 
correctness  of  the  equation  2C^H30,  +  2Na  =  H,  +  C,H,ONa  +  C^H^NaO,  that 
almost  the  theoretical  amount  of  "  ethyldiacetic  acid"  could  be  obtained  by  dis- 
solving sodium  in  a  large  excess  of  ethylic  acetate,  distilling  off  as  far  as  possible 
the  excess  of  the  latter  on  the  water  bath,  dissolving  the  residue  in  water, 
adding  an  amount  of  acetic  acid  equivalent  to  the  sodium  employed,  and  ex- 
tracting with  ether  (Zeits,  Chem,,  1866,  439  ;  1868,  58).  He  suggested  that 
the  ethacetate,  diethacetate  and  diethacetonecarbonate  obtained  by  Frankland 
and  Duppa  were  probably  formed  from  the  ethacetonecarbonisite  resulting  from 
the  action  of  ethylic  iodide  on  the  sodium  compound  C^H^NaO,  by  the  action  of 
the  sodic  ethylate  or  by  the  combined  action  of  sodic  ethylate  and  ethylic  acetate, 
and  actually  succeeded  in  obtaining  ethylic  ethacetate  by  heating  a  mixture  of 
ethylic  ethacetonecarbonate,  ethylic  acetate  and  sodic  ethylate  at  120^  (248°  F.) 
{ibid.,  1869,  27),  but  he  did  not  show  that  the  two  other  compounds  could  be 
produced  in  this  manner.     * 

Geuther's  experiments  for  a  long  time  were  not  estimated  at  their  proper 
value,  and  chemists  continued  to  believe  in  the  possibility  of  forming  the 
sodium  derivatives  corresponding  with  the  ethylated  compounds  obtained  by 
Frankland  and  Duppa ;  any  doubt  as  to  the  correctness  of  his  interpretation  of 
the  action  of  sodium  on  ethylic  acetate  has  been  rendered  impossible,  however, 
by  the  recent  important  researches  of  Wislicenus  (comp.  Ann.  Chem,  Pharm., 
clxxxvi.  61).  This  chemist  finds  that  ethylic  aoetoacetate  (Geuther's  ethyldiacetic 
acid),  CH,.CO.CHj.COOC,Hj,  is  capable  of  exchanging  only  one  atom  of 
hydrogen  for  sodium  when  submitted  to  the  action  of  this  metal,  forming 
Geuther's  compound  C.H^NaO,  =  CH,.CO.CHNa.COOC,H,,  but  that  if  the 
sodium  in  this  body  be  displaced  by  ethyl,  a  substance  is  produced  which  is  also 
capable  of  exchanging  an  atom  of  hydrogen  for  sodium,  forming  ethylic 
aoetow)dethacetate,  CH,  CO.CNa(C,H,).COOC,H, ;  by  treating  this  latter  com- 
pcmnd  with  ethylic  iodide,  ethylic  aoetodiethaoetato,  CH,.CO.€(C,H^),.€OOaH^«j 
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18  produced,  and  apon  this  body  sodium  has  no  action  whatever.  He  also  finds 
that  8odic  ethylate  may  be  employed  instead  of  sodium  in  preparing  these 
sodium  compounds,  and  that  if  the  sodium  compounds,  or  the  mixture  of  aodic 
ethylate  and  acetoacetate,  acetoethacetate  or  aoetodiethacetate  be  heated,  a 
complex  inixture  of  decomposition  products  is  obtained,  chief  among  which  ia 
the  ethylic  salt  of  the  acid  of  the  acetic  series  from  which  the  acetoaoetate  ia 
derived.  Ethylic  acetoeodscetate,  for  example,  yielding  ethylic  acetate,  and 
ethylic  ethaoetate  or  butyrate  being  formed  from  the  sodethaoetate.  These 
facts  enable  us  to  explain  Frankland  and  Duppa's  results.  In  the  first  instance, 
by  the  action  of  the  sodium  on  the  ethylic  acetate,  a  mixture  of  eth3'liG 
acetoBodaoetate  and  sodic  ethylate  is  produced;  on  treating  this  with  ethylic 
iodide,  the  former  is  partially  converted  into  ethylic  acetoethacetate,  and  the 
latter  partially  converted  into  ethylic  ether ;  the  acetoethacetate  thus  formed, 
however,  partly  enters  into  reaction  with  the  unattacked  sodic  ethylate,  and  the 
resulting  acetosodethacetate  is  in  turn  transformed  into  acetodiethaoetate ;  but 
being  in  presence  of  sodic  ethylate,  the  acetoethacetate  and  acetodiethaoetate 
thus  produced  partially  undergo  decomposition  into  ethylic  ethacetate  and 
diethacetate  respectively.  A  precisely  similar  explanation  may  be  given  of  the 
formation  of  the  corresponding  methyl  and  isopropyl  derivatives  which  are 
produced  when  methylic  and  itsopropylic  iodides  are  employed. 

Lowig  and  Weidmann  observed  that  potsssium  dissolved  in  ethylic  acetate 
without  evolution  of  gas,  but  according  to  Geuther  and  Frankland  and  Duppa 
hydrogen  is  always  evolved  in  considerable  quantity  on  dissolving  sodium  in 
ethylic  acetate;  Wanklyn,  however,  has  maintained  that  no  hydrogen  is 
produced  when  pure  ethylic  acetate  is  heated  with  sodium  (Ann,  Ckem.  Pharm,, 
cxlix.  43),  and  that  the  action  takes  place  in  accordance  with  the  equation  : 

3CH,.C00C,H,  +    4Na  =   3C,H,0Na    +  Na(CO.CHJ,. 
Ethjlio  acetate.  Sodic  ethjlate.         Sodiam  triacetjL 

but  without  advancing  the  slightest  experimental  evidence  of  the  truth  of  this 
equation ;  Ladenburg  also  has  stated  (Deut.  ehem.  Get.  Ber.,  iii.  305)  that 
ethylic  acetate  purified  from  alcohol  by  treatment  with  silicic  chloride  or 
phosphoric  oxychloride  is  only  slowly  attacked  by  sodium  at  100°  (212°  F.) 
and  that  no  hydrogen  is  produced ;  and  according  to  Oppenheim  and  Precht 
{ibid,,  ix.  318)  the  acetate  when  distilled  from  phosphoric  anhydride  dissolves 
sodium  without  evolution  of  hydrogen.  The  smount  of  hydrogen  obtained  bj 
Frankland  and  Duppa  was  too  large,  however,  to  have  been  produced  entirely 
from  alcohol  present  as  impurity  in  the  acetate  employed  (oomp.  Proc,  Eoy.  Soc^ 
1 8 70, 2  2 8),  and  Geuther's  experiments  leave  little  doubt  as  to  the  correctness  of  the 
equation  :  2CH,.C00C,H,  +  2Na  =  H,  +  C.H.ONa  +  CH,.CO.CHNa.COOC,H^ 
as  an  expression  of  the  primary  reaction.  Probably  the  hydrogen  enters  into 
secondary  reactions ;  but  apparently  the  extent  to  which  this  takes  place  varies 
according  as  the  acetate  is  free  from,  or  contains,  alcohol. 

Geuther  has  shown  that  ethylic  aoetosodaoetate  may  be  obtained  by  heating 
ethylic  acetate  with  sodic  ethylate  free  from  alcohol  at  130°  (266°  F.),  and  that 
it  is  also  formed,  although  in  less  .quantity,  when  the  crystallized  ethylate 
(p.  429)  is  employed  {ZeiU,  Chem,,  1868,  652)  ;  according  to  Oppenheim  and 
Precht  {loc.  cit),  a  certain  amount  is  produced  on  merely  heating  a  mixture 
of  an  alcoholic  solution  of  sodic  ethylate  with  ethylic  acetate  for  several  hours 
at  its  boiling  point.  If  such  a  mixture  as  this  last  be  submitted  to  distillation 
from  the  water-bath,  the  ethylic  acetate  passes  over  unchanged  (Geuther) ;  but 
according  to  Wanklyn  {Ann,  Chem,  Pharm,^  cl.  205),  pure  sodic  ethylate, 
NaOCgH^,  combines  with  ethylic  acetate,,  and  on  heating  the  mixture  at 
100® — 200^  (212° — 392°  F.)  alcohol  distils  over.     These  obaervations  are  of 

Digitized  by  VjOOQ IC 


1824.]  ETHYLIC  ACBTOACETATB.  909 

considerable  importance  in  connexion  with  the  question  as  to  the  manner  in 
which  ethvlic  at^tosodacetate  is  produced,  and  together  with  the  fact  that  the 
action  of  sodium  on  pure  ethylic  acetate  takes  place  with  extreme  slowness, 
whereas  the  ordinary  acetate,  which  undoubtedly  contains  alcohol,  is  very  readily 
attacked,  they  lend  considerable  support  to  the  view  that  sodic  ethylate  and 
not  sodium  is  the  real  agent  in  effecting  the  conversion.  It  appears  not  im- 
probable that  a  compound  of  the  ethylate  with  the  acetate  is  first  produced,  thus ; 

CH,.CO.OC,H,  +  C,H,ONa  =  CH,.C(OC,H,),.(0  Va), 

and  that  this  enters  into  reaction  with  a  second  molecule  of  acetate,  ultimately 
forming  ethylic  acetosodacetate  and  alcohol,  perhaps  as  shown  by  the  equations : 

CH,.C^OC,H,   +   CH..COOC,H,   =   CH3.C^  ONa  +    OH. OH 

(  ONa  (  CH,.COOC,H, 

10C.H.  (OC,H. 

CH,.C  •{  ONa  =  CH,.C  ^  OH  =  CH3.C0.CHNa.C00C,H 

( CH,.COOC,H,  ( CHNa.C00C,H.  +  C,H,.Oh! 

(1823)  Preparation  of  ethylic  acetoacetate. — Conrad  and  Wislioeuus  (Ann, 
Chem.  Pharm.,  clxxzvi.  214)  give  the  following  instructions  for  preparing  this 
compound  by  Geuther's  method: — rooo  grams  of  ethylic  aSetate  are  placed  in  a 
flask  provided  with  an  efficient  reversed  condenser  and  100  grams  of  sodium  in 
pieces  of  about  the  cubic  contents  of  a  pea  are  added  at  once.  The  liquid  soon 
enters  into  ebullition,  much  heat  being  developed ;  when  the  reaction  slackens, 
heat  is  applied  by  means  of  a  water-bath  until  the  sodium  is  completely  dis- 
solved, which  is  usually  effected  in  from  2  to  2^^  hours.  The  still  warm  mass 
is  then  mixed  with  550  grams  of  50  per  cent,  acetic  acid,  the  mixture  is 
allowed  to  cool,  about  ^  a  litre  of  water  is  added  and  the  whole  well  agitated. 
The  upper  layer  is  now  sepamted,  washed  with  a  little  water,  and  heated  in  a 
oopper  vessel  on  the  water- bath  to  drive  off  as  much  as  possible  of  the  unchanged 
ethylic  acetate;  the  residue  is  then  fractionally  distilled  from  a  glass  vessel, 
collecting  apart  the  portions  which  come  over  at  100° — 130°,  130'' — 165'', 
i65*— I7S^  175^—185°,  and  185''— 200**  C.  After  refractionating  these 
distillates,  collecting  between  the  same  limits  of  temperature,  the  distillates  at 
100° — 175°  and  185° — 200°  C.  are  reduced  to  very  small  amounts,  and  the 
fraction  boiling  at  175° — i8j°  C.  is  suflBciently  pure  for  most  purposes,  but 
may  be  further  purified  by  fractionation ;  too  frequent  distillation  is  to  be 
avoided,  however,  as  a  small  amount  of  the  acetoacetate  is  decomposed  at  each 
distillation  into  lower  boiling  products  and  dehydracetic  acid  (1832).  The 
maximum  amount  produced  in  this  manner  is  175  grams,  but  considerably  less 
is  obtained  if  a  longer  time  be  taken  in  dissolving  the  sodium,  or,  what  amounts 
to  the  same  thing,  if  a  larger  quantity  of  acetate  be  employed.  A  considerable 
amount  of  ethylic  acetate  may  be  recovered  by  washing  the  distillate  collected 
below  100°  C.  with  a  saturated  solution  of  sodic  chloride  to  remove  alcohol, 
drying  over  calcic  chloride  and  rectifying. 

(1824)  Properties, — Ethylic  acetoacetate  is  a  mobile  colourless  liquid  of 
fruity  odour,  somewhat  soluble  in  water,  of  the  sp.  gr.  103  at  5°  (41°  F.);  it 
boils  at  i8i**  (357''*8  F.).  Its  aqueous  solution  is  coloured  dark  violet  by 
ferric  chloride.     It  passes  over  unchanged  with  vapour  of  water,  but  if  heated 

with  water  at  150°  (302°  F.),  it  is  decomposed  into  dimethylketone  or  acetone, 
ethylic  alcohol  and  carbonic  acid ;  CH,.C0.CH,.C00CjH^  +  2OH,  =  CH,.CO.CH, 

+  CO(OH),  +  CjH^.OH  ;  in  presence  of  miner-*!  acids  or  alkalies  this  decomposi- 
tion takes  place  much  more  readily  (comp.  181 9).  It  is  converted  into 
fl-hydroxybutyric  acid  by  the  action  of  nascent  hydrogen  (1807).  On  oxidation. 
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by  a  very  dilnto  loliition  bCjpotassio  permanganate,  it  yields  acetic  and  oxalic 
acid.  It  combines  with  hydrob^^io  acid,  forming  a  cyanide  which  ia  oonyertibie 
into  hydroiypyrotartaric  acid.  Itkalso  combines  with  a  single  molecale  of 
bromine,  forming  an  unstable  dibromUe,  C^H^^O^Br,  (Lippmann),  but  if  treated 
with  an  excess  of  bromine ^it-appSsrslo  form  a  dibromodibromide,  C^H^O^Br^ ; 
chlorine  is  readijjp  jbbsofbed  by  it,  a  considerable  amount  of  heat  being  deyeloped 
and  pure/hySrochloric  acid  eyoUed :  the  product  is  a  colourless  liquid,  boiling 
at  206"*  (ifna'^'ft  F  ):  it  in  with  idlfcrnltj  decomposed  by  water,  but  if  heated 
with  dilute  hydrochloric  a^f/it  170^—180**  (338*"— 356°  P.),  it  is  resolved 
into  dichloracetone,  CH,XI^CHC1^,  carbonic  acid  and  ethylic  alcohol ;  if  decom- 
posed with  an  aqueouaor  alcoholic  solution  of  potassio  hydrate,  however,  it 
furnishes  a  mixture^  acetate  and  dichloraoetate,  and  is  thus  shown  to  be  ethylic 
aoetodichloraBeta^!«o  that  the  action  of  chlorine  is  represented  by  the  equation 
(Conrad,  i^ishf^^xru  232)  : 

,mCH,.€OOC,H,  +  2CI,  -  CH,  C0.CC1,.C00C^,  +  2Ha. 

The  monochlohnaiecreompound  has  been  obtained  by  heating  ethylic  aoeto- 
aoetate  with  suphuric  dichloride,  SO^Cl,  (AUihn,  Deut,  chem.  Oes.  Ber.,  xL  567). 
Ethylic  aoetoaoetate  is  readily  attacked  by  phosphoric  pentachloride,  a  mixture 
of  hydrochloric  acid  and  ethylic  chloride  being  evolved;  probably  the  first 
action  consists  in  the  formation  of  ethylic  dichlorobutyrate :  PCI,  + 
CH,.CO.CH,.COOC,H,  =  CH,.CC1,.CH,.C00C,H,,  but  this  decomposes  into 
hydrochloric  acid  and  a  mixture  of  the  ethylic  salts  of  two  isomeric  chloro- 
crotonic  acids:  C,H,C1,,C00C,H^  =  C,H,aCOOC,H,  +  HCl ;  the  hydrochloric 
acid,  however,  partially  decomposes  these  ethylic  salts,  forming  ethylic  chloride  and 
the  corresponding  acids,  and  these  latter  are  converted  into  the  acid  chloride  by 
the  action  of  the  pentachloride,  so  that  finally  a  mixture  of  the  acid  chlorides  and 
of  the  ethylic  salts  of  the  two  chlorocrotoiiic  acids  is  obtained.  A  considerable 
amount  of  a  resinous  substance  is  also  produced  (Geuther,  Jour,  pr,  Chem,  [23» 
iii.  432).  If  well  cooled  ethylic  acetoacetate  be  saturated  with  ammonia,  a 
crystalline  highly  detiquencent  substance  of  the  formula  C^Hj,NO,  =  C^H^^Oj  + 
NH,  —  OH,  is  produced  (Precht,  ibid,,  xi.  1 193);  aniline  also  readily  decomposes 
it  with  formation  of  acetone,  alcohol  and  diphenylcarbamide,  CO(NH.C^H^, 
{ibid,,  ix.  1098). 

If  the  mixture  of  sodic  ethylate  and  ethylic  acetosodaoetate  produced  by 
treating  ethylic  acetate  with  sodium  be  gently  warmed  with  carbonic  bisulphide, 
a  violent  reaction  takes  place ;  the  product,  when  purified  by  crystallization  from 
water,  forms  brick-red  coloured  needles  of  the  composition  C^^H^^S^NaO^.  The 
formation  of  this  body  may  be  explained  by  supposing  that  the  bisulphide  com- 
bines with  the  acetosodacetate,  and  that  the  resulting  compound  then  enters  into 
reaction  with  the  sodic  xanthate  formed  by  the  union  of  another  portion  of  the 
bisulphide  with  sodic  ethylate ;  thus : 

CH,.CO.CHNa.COOC,H,  +  CS,  =  CH,.CO.CH(CSSNa).COOC,H,. 

CHa.CO.CH(CSSN»).C00C»H.  +  C,H»0,CS8Na  =  CH,.CO.C(CSSNa)  |  g^Sc  H^*  +  ^■®''- 

If  a  mixture  of  ethylic  acetoacetate  and  carbonic  bisulphide  be  heated  with 
plumbic  or  zincic  oxide  in  sealed  tubes  at  loo*'  (212°  F.),  a  compound  of  the 
formula  CyH^SO,,  crystallizing  in  straw-yellow  needles,  is  produced ;  it  may  be 
represented  as  formed  in  the  following  manner  (Norton  and  Oppenheim,  ibid., 
X.  701):  CH,.CO.CH,.COOC,H,  +  CS,  +  PbO  =  CH,.CO.C(CS).COOC,H,  + 
PbS  +  OH,.  Ethylic  acetosodacetate  enters  directly  into  reaction  with  disio-saltB 
in  the  manner  represented  by  the  equation  R'.N,.NO,  +  CH,.CO.CHNa.COOC,H, 
=  CH,.CO.CH(N,.R').COOC,H  +NaNO,;  the  resulting  compounds  crystailiae 
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well»  and  are  deoomposed  with  remarkable  facility  bj  alkaliea,  forming  metallic 
salts  of  the  corresponding  acetoaoetic  acid  derivatives,  from  which  the  free  acids 
may  be  obtained  (V.  Meyer,  ibid,,  z.  3075  *  2^uhlin,  xi.  141 7). 

(1825)  MefalUe  derivatives  qf  eikylic  aeetoacetcUe. — Ethylic  aoetoaoetate 
is  capable  of  exchanging  one  of  its  atoms  of  hydrogen  not  only  for  sodium  but  for 
metals  generally,  forming  a  series  of  well-characterized  metallic  derivative 
the  formula  CH,.CO.CHM'.COOC,H^.  Hthylic  acetotodacetaU  is  l^^tr^re- 
pared  in  the  solid  state  by  dissolving  sodium  in  about  ten  times  \\^ 
anhydrous  alcohol,  adding  to  the  cold  crystalline  mass  an  equal  volume  of  ether, 
and  treating  the  mixture  with  the  equivalent  quantity  of  ethylic  aoetoaoetate 
also  diluted  with  an  equal  volume  of  ether;  on  adding  about  2  cc.  of  water 
and  stirring  well,  it  separates  as  a  crystalline  precipitate,  which  may  be  pressed 
and  dried  over  sulphuric  acid  (Harrow,  Jour,  Chem,  Soc,  Trans.,  1878,  427), 
It  crystallizes  from  a  mixture  of  ether  with  a  small  quantity  of  alcohol  in 
feathery  needles  (Geuther).  Probably  this  compound  is  also  formed  on  dissolving 
ethylic  acetoaoetate  in  a  dilute  solution  of  sodio  hydrate,  and  the  corresponding 
potassium  and  barium  derivatives  may  be  produced  in  a  similar  n^anner.  By 
adding  cupric  acetate  to  a  solution  of  the  baaum  derivative  (GeuH^er),  or  by 
shaking  the  acetoacetate  with  an  ammoniacal  solution  of  cupric  sulphate  (Conrad), 
ethylic  acetocuprctcetate,  C^^H^flfiji,  is  obtained  as  a  pale-green  precipitate 
insoluble  in  water ;  it  crystallizes  from  hot  benzene,  alcohol,  or  ethylic  iodide  in 
glistening  needles,  melting  at  182°  (359°'6  F.).  The  corresponding  cobalt  and 
nickel  derivatives  are  produced  by  shaking  ethylic  acetoacetate  with  solutions  of 
cobalt  and  nickel  sulphate  containing  ammonia  and  ammonio  chloride ;  they 
crystallize  from  hot  benzene  in  microscopic  plates.  The  magnesium  compound 
may  be  prepared  in  a  precisely  similar  manner,  or  by  the  action  of  magnesium 
amalgam  on  ethylic  acetoaoetate,  and  crystallizes  from  benzene  in  glistening 
plates,  which  melt  at  240°  (4^4°  F*)  ^ith  decomposition.  If  ethylic  aceto- 
acetate be  added  to  a  solution  of  potassic  aluminate,  the  liquid,  which  is  at  first 
dear,  after  a  few  hours  becomes  filled  with  glistening  crystals  of  the  aluminium 
derivative  (0^H,O,),Al, ;  this  compound  is  very  soluble  in  ether,  benzene  and 
carbonic  bisulphide ;  it  melts  at  76°  (168°  8  F.),  and  may  be  distilled  unchanged 
(Conrad,  Ann.  Chem.  Pharm,,  clxxxviii.  269). 

(1826)  Action  of  sodium  on  ethereal  acetates  other  than  ethylic  acetate,^— 
Brandes  (Zeits.  Chem,,  1866,  454),  Oppenheim  and  Precht  {Deut  chem.  Ges. 
Ber.,  ix.  1097),  and  Conrad  {Ann.  Chem.  Pharm.,  clxxxvi.  228),  respectively 
have  shown  that  methvlic,  isobutylic  and  isamylic  acetates  behave  as  ethylic 
acetate  on  treatment  with  sodium ;  hence  it  would  appear  that  the  acetates  of 
the  formula  CH,.C(X)C„H,„  ^ ,  may  all  be  converted  into  the  corresponding 
aoetoacetates,  CH,.CO.CH,.CO0C„H,„  4.  j,  by  the  action  of  sodium. 

Conrad  and  Hodgkinson(Xnn.  Chem.  Pharm.,  cxciii.  298)  find,  however,  that 
benzylic  acetate,  propionate,  and  butyrate  furnish  as  chief  products  a  mixture  of 
the  sodic  salt  of  the  corresponding  acid  of  the  acetic  series  with  the  benzylic 
salt  of  a  benzyl  derivative  of  the  same  acid ;  and  Hodgkinson  has  obtained  similar 
results  with  benzylic  isobutyrate  {Chem.  Soc.  Jour.  Trans.,  1878,  p.  495). 
The  action  of  sodium  on  benzylic  salts  of  primary  and  secondary  acids  of  the 
acetic  series  may  therefore  be  expressed  by  the  equation : 

9n^i»+i  .     ^jj  C„H,„+,  C„Hto.CH,.C,H, 

4  +   2Na  =   2 1  +21  +   H,. 

XOOCH^C.H,  COONa  COOCH,.C.H,  * 

But  other  products  are  simultaneously  formed :  for  example,  benzylic  acetate 
also  yields  toluene  and  the  sodic  salts  of  cinnamic  and  hydrocinnamic  acids, 
together  with  a  certain  amount  of  benzylic  dibenzylacetate  ',  the  benzylic  salts  of 
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the  homologOQs  primary  acids  fumiBh  oorresponding  bodies,  but  benzjlic 
iHobutyrate  behares  in  a  different  manner.  These  results  show  that  the  reactiou 
is  of  a  complex  character ;  and  although,  at  present,  the  necessary  data  for  its 
correct  interpretation  do  not  appear  to  exi»t,  it  is  of  interest  in  connexion 
with  this  quefttion  that  ethylic  aoetobenzylacetate  does  not  furnish  a  nonnal 
product  on  treatment  with  alkali,  but  is  conrerted  into  dibenzylaoetate  {Ann, 
Chem.  Pharm.,  clxxxrii.  11). 

(1827)  Productionof  compounds  of  the  form  CB.^.CO.Cl{X,COOCfi^  and 
CH,.CO.CXY.COOC,H^  fiwn  ethylic  acetoacetate.^It  has  already  been 
pointed  out  that  a  series  of  homologues  of  ethylic  acetoaoetate  of  the  form 
CH,.CO.CH(C„H,„  4.  j).COOC,H,  may  be  prepared  by  acting  on  the  acetoaoetate 
with  sodium  and  treating  the  resulting  acetosodaoetate  with  bodies  such  as 
ethylic  iodide ;  and  that  by  repeating  these  operations  a  series  of  homologues  of 
the  form  CH,.CO.C(C„H,„  4.  j),.COOC,H,  maybe  obtained.  The  radicle  in- 
troduced at  the  second  operation  may  either  be  the  same  or  different  from  that 
introduced  at  the  first ;  and  besides  the  haloid  compounds  of  the  Cnll^n  + 1  radicles 
very  many  other  haloid  compounds  of  the  form  R'  (CI,  Br,  I),  such  as  ethylic 
monochloracetate,  <&c.,  may  be  employed.* 

WislicenuB  has  described  at  length  the  precautions  which  should  be  adopted 
in  preparing  such  derivatives  (Ann.  Chem.  Pharm.,  dxxxvi.  216),  He 
recommends  that  the  ethylic  acetoaoetate  be  mixed  with  about  an  equal  volume 
of  pare  benzene,  and  that  the  solution  be  digested  with  an  excess  of  sodium  in  a 
flask  attached  to  a  reversed  condenser;  the  excess  of  sodium  having  been 
removed  by  means  of  a  glass  spoon,  an  amouut  of  the  haloid  compound  equiva- 
lent to  the  amount  of  sodium  dissolved  is  then  run  in,  and  the  mixture  digested, 
if  necessary,  on  the  water- bath.  Afterwards  sufficient  water  is  added  to  dissolve 
the  sodic  chloride,  bromide  or  iodide,  and  the  aqueous  solution  separated  from 
the  solution  of  the  product  in  benzene ;  the  latter  is  washed  by  agitation  with  a 
small  quantity  of  water,  dried  by  means  of  potassic  carbonate  or  some  other 
suitable  desiccating  agent,  the  benzene  distilled  off  on  the  water-bath,  and  the 

*  The  following  is  a  list  of  the  compounds  hitherto  prepared  : 

1.  Ethylic  acetomethaoetate Ac.CH(CH3J.C00Et 

2.  „  acetodimethaceUte Ao.C(CH,),.COOEt 

3.  „  acetoethacetate Ac.CH{C^Hj.C0OEt 

4.  „  aoetomethethaceUte AcC(CH,HC,H,).COOEt 

5.  „  acetodiethaoeUte Ac.C(C  HJ^.COOEt 

6.  „  acetoisopropaoetate Ac.CH(C,H/).COOEt 

7.  „  acetoisobutylaceUte AcCH(C^H,P).COOEt 

8.  „  acetodiisobutylacetote Ac.C(C,H/),.COOEt 

9.  „  acetoallylacetate Ac.CH(C,H,).COOEt 

10.  „  acetodiallylacetate Ac.C(C,HJ,.COOEt 

11.  „  aoetobenzylacetate Ac.CH(CH,.0,HJ.COOEt 

12.  „  acetobenzylroethacetate AcC(CH,)(aH.).CX)OEt 

13.  „  acetobenzylethacelate AcC(C,H.)(C.H^).COOEt 

14.  „  acetobenzoylacetate Ac.CH(CO.C,HJ.COOEt 

15.  „  acetomHlonate Ac.CH(COOEt), 

.    ,  Ao.CH.COOEt 

16.  „       acetcBuccmate   .     .     .     .     .     ^     .     .  | 

CH,.COOEt 

,.     ^      ,  ,  AcCH.COOEt 

17.  „       aceto-a-propanedicarboxylate       ...  | 

CH,CH,.COOEt 
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residae  purified  by  rectification ;  or,  if  it  cannot  be  distilled  ancbanged,  ezpoBed 
over  Bulpharic  acid  in  vacuo  until  it  ceases  to  lose  weight.  A  similar  course  is 
adopted  in  conyerting  the  mono-derivatives  thus  obtained  into  di-derivatives.  In 
operating  in  this  manner,  however,  there  is  always  a  certain  amount  of  resinous 
bye-product  formed  owing  to  the  partial  decomposition  of  the  sodium  derivative 
which  takes  place  during  the  prolonged  heating  necessary  to  effect  the  solution 
of  the  necessary  amount  of  sodium,  and  probably  also  to  the  action  of  the 
nascent  hydrogen.  According  to  Conrad  and  Limpach  (ibid,,  cxcii.  153)1  this 
is  not  the  case  if  sodic  ethylate  be  employed  in  place  of  sodium.  They  direct 
that  an  amount  of  sodium  equivalent  to  the  amount  of  acetoacetate  to  be 
employed  be  dissolved  in  10 — 12  times  its  weight  of  anhydrous  alcohol,  and  that 
when  cool  this  solution  be  mixed  with  the  acetoacetate,  the  haloid  compound 
being  then  immediately  added ;  the  reaction  is  either  moderated  by  cooling,  or 
allowed  to  proceed  unchecked,  or  assisted  by  warming,  according  to  circum- 
stances, and  is  considered  to  be  complete  when  the  liquid  is  no  longer  alkaline. 
The  greater  part  of  the  alcohol  is  then  distilled  off  on  the  water-bath,  the 
residue  is  mixed  with  water,  and  the  upper  oily  layer  submitted  to  distillation. 

(1828)  Action  of  alkalies  on  ethylic  acetoacetate  and  its  derivatives, — 
Ethylic  acetoacetate  was  shown  by  its  discoverer  to  be  decomposed  by  alkalies 
into  acetnne,  alcohol  and  carbonic  acid,  and  Frankland  and  Duppa  observed  that 
the  substituted  derivatives  which  they  obtained  were  decomposed  in  a  manner  pre- 
cisely analogous  ;  the  researches  of  Wislioenus  and  his  pupils  have  shown,  how- 
ever, that  in  addition  to  this  mode  of  decomposition,  which  may  be  represented 
by  the  following  general  equation : 

CO.CH.  CH. 

I  I  , 

CXY  +    2KOH   =    CO         +    CO(OK),   +   C.H^OH, 

COOC,H,  CHXY 

ethylic  acetoacetate  and  the  compounds  derived  from  it  also  undergo  the  follow- 
ing change : 

-  .  _ 

Si    T?.i.  V       *      .u  1       '4.  AcCH.COOEt 

18.   Ethylic  acetomethylsuccmate I 

CH(CH3).C00Et 

Ac.C(CH.).COOEt 
19-       ».  f>  I        • 

CH,.COOEt 

.       ,,    ,        ...  Ac.C(CH,).COOEt 

20.  „       aoetomethylpyrotartrate I 

CH,.CR,.COOEt 

21.  „       acetodimethylsuccinate •  ^V      «/• 

CH(CH,).C(X)Et 

...       .    ,  Ac.C(C,H,).COOEt 

22.  „       acetoethylsuccinate |V  «    »/ 

CH,.COOEt 
AcCH.COOEt 

CH(C,H,).COOEt 

,  ,  .     .  ,,  ,  ,  Ac.C(CH,.COOEt), 

24.       „       acetotricarballylate I        *  .  • 

COOEt. 

In   these  formulae  Ao=Cff3.CO;    Et=C,Hj.      Compare  Frankland  and 

Duppa  andGeuther,  loc,  cit, ;  Ann,  Chem,  Pharm,  clxxxvi.,  clxzxvii.,  clxxxviii., 

oxc,  cxcii.,  cxciii. ;  Deut  chem.  Chs.  Ber,,  x.  1956  ;  xl  T055. 
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CH. 
CXY.CO.CH.  +  2KOH   =    I 

•  OOOK 


CHXY 


+    I 


COOC,H. 


COOK 


C.H^OH. 


The  extent  to  which  these  two  kinds  of  change  take  place  depends  not  only  on 
the  nature  of  the  oompoxind,  hut  also  on  the  conditions  ohserved  in  e^cting  the 
decomposition.  Ifanaqaeons  solution  of  haiic  hydrate  he  employed  as  hydrstiag 
agent,  the  corresponding  acetone  or  compound  of  the  form  CH,.CO.CHXT  is 
almost  ezcInsiTeljr  produced ;  hut  if  an  alcoholic  solution  of  potaasio  hydrate 
he  used,  a  oonsiderahle  amount  undergoes  conversion  in  accordance  with  the 
second  equation,  and  the  extent  to  which  the  decomposition  into  a  molecok  of 
acetate  and  a  molecule  of  the  salt  CHXT.COOE  takes  place  ia  g;reatier  the 
more  concentrated  the  alkaline  solution  hoth  initially  and  at  the  close  of  tiit 
operation.  This  is  clearly  shown  hy  the  following  results  ohtained  with  ethylie 
ethacetate  (Wislicenus,  Ann,  Chem,  JPkarm.t  cxc.  257)  : 


•olation. 

No.  of  mob. 
KOH  employed 

atbMrlimliigof 
ofijuige. 

at  end  of 
ehange. 

toimoL 
ethylio  lalt. 

into  acetat«  and 
ethacetate. 

ToteL 

Bario  hydrate. 

9838 

1-42 

99-80 

1-40 

•25 

2-24 

88-54 

3-83 

9237      1 

II'20 

6-40 

4-70 

91-05 

8-74 

9979 

II76 

379 

3'02 

9842 

398 

102-40 

15-66 

6-70 

3 '34 

88-38 

10-83 

99-21 

i6-8o 

2*92 

236 

82-61 

1473 

97'34 

i6-8o 

9-57 

4.68 

76-28 

24*25 

ioo'53 

22-40 

12-69 

4.62 

58-80 

41-40 

I00'20 

24-64 

2-78 

226 

80-41 

19-81 

100*21 

24-86 

370 

225 

81-82 

14-14 

95*^9 

The  difference  in  the  behaviour  of  different  aoetoaoetates  under  similar  coa- 
ditions  will  he  evident  on  inspection  of  the  following  Tahle,  which  ezhibita  the 
results  ohtained  hy  decomposing  the  ethylie  salts  by  two  different  solutiona  of 
potassic  hydrate  employed  in  the  proportion  of  2-75  mols.  KOH  to  i  moL  d 
the  salt: 


Pereentagv  oonTerted  by  a 

3054— ao  8  per  oeut.  aolotmu 
in*'^                    1 

10-37— 10-4  POr  Mn^*  solntion 

iQfn 

ketone,  Ao. 

add.. 

ketone,  Ae. 

add..       ! 

Ethylio  acetoacetate .     .     . 

81-87 

17-43 

60-03 

41-03 

86-28 

1370 

68-16 

31-20 

„       acetoethacetate .     . 

91*52 

8.75 

75'44 

2375 

„       acetodimethaoetate 

9173 

7-46 

80-02 

1996 

„       aoetoallylacetate     . 

82-42 

17-54 

51-14 

P 

„       acetodiethacetate    • 

54-15 

42-50 

3086 

694 

It  will  he  6hserved  that  whereas  ethylie  acetoethacetate  yields  relatively  mon 
ketone  and  a  smaller  amount  of  acids  than  the  acetodiethacetate,  ethylie  aoelo- 
dlmethacetate  yields  more  ketone  and  a  smaller  amount  of  acids  than  the 
acetomethaoetate ;  hut  the  two  compounds  ethylio  acetoethacetate  and  dimeth- 
acetate,  wliiuh  have  the  same  molecular  weight,  furnish  very  similar  Talnea. 
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(1829)  Action  of  Nitrous  Acid  on  Ethylic  Aoetoicetitb  and 
Homologous  Compounds.— If  ethylio  aoetoacetate  (z  moL  proportion)  be  dis-' 
solved  in  a  dilate  solution  of  potassic  hjdrate  (i  mol.  proportion),  and  a 
solution  of  potaiisio  nitrite  (i  mol.  proportion)  be  then  added,  and  the  liqnid 
rendered  acid  with  dilute  sulphuric  acid,  the  nitrous  acid  thus  set  at 
liberty  reacts  upon  the  aoetoacetate,  ibrming  ethylio  acetonitrosottoeiatet 
CH,.CO.CH(NO).COOC,H^,  The  unattacked  acetoacetate  may  be  recovered  by 
rendering  the  solution  alkaline  and  extracting  with  ether ;  if  the  solution  be  then 
acidified  and  again  extracted  with  ether,  the  aoetonitrosoaoetate  is  dissolved :  on 
carefully  distilling  off  the  ether,  and  exposing  the  residue  over  sulphuric  acid  in 
vaeuOf  it  remains  as  an  oil  which  crystallizes  with  difficulty  unless  a  previously 
obtained  crystal  be  added.  If,  after  extracting  the  unattacked  acetoacetate,  the' 
alkaline  solution  be  allowed  to  stand  several  days,  the  acetonitroeoacetate 
undergoes  decomposition,  forming  wUrosodimethylkeione  or  nUrogoaeeione, 
CI^.CO.CH,(NO). 

Ethylic  aoetomethaoetate  appears  to  behave  similarly,  but  the  resulting 
nitroso-derivative  at  once  undergoes  further  decomposition,  yielding  (i)  methyU 
niiro9oethylketone,  CH3.C0.CH(N0).CH,,  when  an  excess  of  aqueous  potassic 
hydrate  is  employed ;  (2)  ethylic  ^itrwioprapiancUe,  CH,.CH(NO).COOC,H,, 
when  an  alcoholic  solution  of  a  single  mol.  proportion  of  potassic  hydrate  is 
used;  and  (3)  P-nitrosopropionic  acid,  CH,.CH(NO).C(X)H,when  the  alkaline 
solution  of  ethylic  0-nitrosopropionate  is  allowed  to  stand.  Ethylacetoeth- 
aoetate  famishes  only  meikylnitrosopropylketone,  CH,.CO.CH(NO).CH,.CH,. 

These  nitroso-compounds  are  all  crystalline,  and  exhibit  acid  properties ; 
nitrosodimethylketone  melts  at  65°  (149^  F.),  and  does  not  volatilize  unchanged 
unless  a  very  minute  amount  be  heated;  methylnitrosoethyl ketone  melts  at 
74**  (i6s°'2  P.),  and  boils  without  the  slightest  decomposition  at  185°  (365**  F.) ; 
methylnitrosopropylketone  melts  at  54^  (129°' 2  F.),and  partially  decomposes 
on  distillation  (V.  Meyer ;  V.  Meyer  and  Ziiblin,  Deut  chem.  Qes.  Ber»,  x. 
2076  ;  xi.  320,  692). 

(1830)  Action  of  Sodium  on  Ethtlic  Salts  of  Homolooues  of 
Acetic  Acid.  Action  an  ethylic  formate, — Lowig  and  Weidmann,  who  first 
studied  the  action  of  sodium  on  this  compound,  observed  the  formation  of 
ethylic  alcohol,  sodic  formate,  carbonic  oxide  and  a  small  quantity  of  brown  . 
resinous  product;  Groiner,  who  subsequently  examined  the  reaction  {Zeite. 
Chem,,  1866,  460),  obtained  hydrogen  and  sodic  ethylate  also.  Wanklyn 
maintuns,  however  {Chemical  News,  1868,  xviii.,  143),  that  puro  carbonic 
otide  is  evolved,  and  he  further  states  tliat  a  mixture  of  ethylic  formate  and 
alcohol  does  not  famish  hydrogen  when  acted  on  by  sodium. 

(leuther  has  shown  (Zeits.  Chem,,  t868,  655)  that  ethylic  formate  is  com- 
pletely resolved  into  carbonic  oxide  and  alcohol  by  merely  warming  with  sodic 
ethylate,  the  decomposition  commencing  even  at  ordinary  temperatures ;  it  is 
therefore  probable  that  when  ethylic  formate  of  ordinary  purity  is  treated  with 
sodium,  its  decomposition  is  in  the  main,  if  not  entirely,  the  result  of  the  action 
of  sodic  ethylate  formed,  in  the  first  instance,  from  traces  of  alcohol  present, 
and  sabsequently  from  tiiat  produced  in  the  reaction  which  may  be  supposed  to  • 
take  place  in  the  manner  indicated  by  the  following  equations : 

H.COOC,H.  +  C,H^ONa  =  H.C(OC,H^,(ONa) ; 
H.C(OC,H,),(ONa)  =  CO  +  C;a,.ONa  +  C,H,.OH. 

Action  of  Sodium  on  Ethylic  Propionate. — By  treating  this  compound 
with  sodium  and  decomposing  the  resulting  sodium  compound  with  acetic  acid, 
^.,  as  in  the  preparation  of  ethylic  acetoacetate,  Hellon  and  Oppenheim  (Deut. 
chem.  Gee*  Ber,,  x.  699)  have  obtained  ethylic  propiopropianate,  C,Hj^O,,  as 
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a  colourless,  pleasant-smelling  liquid,  boiling  at  about  200''  (392*  F-)-  ^^^ 
ethylic  aoetoacetate,  this  compound  dissolves  sodium  with  evolution  of  hydrogen, 
but  it  is  not  coloured  by  ferric  chloride,  nor  does  it  react  with  mercuric  oxide. 
From  the  maunor  in  which  it  is  formed,  it  probably  has  the  constitution  repre- 
sented by  the  formula  CH,.CH(CH,.CH,.CO).COOC,H,. 

Action  of  Sodium  on  £thylic  Isovalerate. — The  reaction  in  this  case 
appears  to  be  of  a  highly  complex  character.  According  to  Greiner  {ZeiU,  Chem^ 
1866,  461),  scarcely  any  hydrogen  is  evolved,  and  on  adding  water  to  the  product 
an  oily  liquid  separates,  which  may  be  resolved  by  fractional  distillation  into  por- 
tions boiling  below  ioo®,at  130° — I40®,at  180° — 190**,  at  200** — 210^,  at  about 
23 o^  and  at  250** — 300°  C.  The  chief  product  is  that  boiling  at  the  highest  tern- 
'  perature,  and  to  this  the  formula  Cj^Hj^O  is  assigned ;  next  in  importance  is  that 
boiling  at  200° — 210^  which  has  the  formula  GJlJd^,  The  portion  boiling  at 
230*^  when  kept  crystallizes  in  long  needles,  melting  at  65^,  and  perhaps  has  the 
composition  C^H^O^.  The  portion  of  lowest-boiling  point  is  a  mixtnre  of 
alcohol  with  a  small  amount  of  ethylic  isovalerate,  that  boiling  at  130^ — 140^ 
being  the  almost  pure  isovalerate ;  the  results  obtained  on  analyzing  the  portion 
boiling  at  180° — 190°  are  expressed  by  the  formula  (CJS,^^)fi.  In  addition  to 
these  products,  two  others  are  obtained  from  the  aqueous  solution  by  acidifying 
with  acetic  acid,  when  an  oil  separates  which  soon  becomes  partially  solid,  and 
by  crystallizing  this  product  from  warm  alcohol,  a  compound  of  the  formula 
G^H^O,  is  obtained  in  large  rhombic  plates,  melting  at  about  127%  and  distilling 
unchanged  at  295°  0.  This  body  manifests  very  feeble  acid  properties.  Hie 
alcoholic  mother-liquor  furnishes  a  relatively  much  smaller  quantity  of  a  very 
viscid  oncrystallizable  compound  of  the  formula  Cj^H^O,,  which  appears  to  be 
the  homologue  of  ethylic  acetoacetate ;  it  possesses  marked  acid  prop^-ties. 

None  of  these  various  products  appear  to  have  been  investigated,  and  even 
the  composition  of  some  of  them  is  doubtful,  as  the  method  employed  in  effect- 
ing their  purification  can  scarcely  be  reganled  as  efficient.  There  can  he  do 
question,  however,  that  the  reaction  is  far  less  simple  than  in  the  case  of  ethylic 
acetate. 

(1831)  Dbhtdbacetic  Acid  :  CgH^O^.— This  acid  was  originally  obtained 
by  Geuther  by  heating  ethylic  aoetosodacetate  in  a  current  of  carbonic  anhydride 
or  hydrochloric  acid  gas  {Zeits.  Chem.,  1866, 8),  but  only  a  very  small  qnautity 
is  produced  in  this  manner.  It  is  obtained  as  a  bye-product  in  the  preparation 
of  ethylic  acetoacetate  (1824),  which  is  in  great  part  converted  into  ethylic 
acetate  and  dehydracetic  acid  by  heating  for  three  hours  in  sealed  tubes  at 
230°— 250°  (446°— 482°  F.)  (Conrad,  Deut,  chem.  Ges,  Ber.,  vii.  688). 
According  to  Oppenheim  and  Precht  (ibid,,  ix.  323,  1099),  ethylic  aceto- 
acetate furnishes  nearly  25  per  cent,  of  its  weight  of  dehydracetic  acid  when 
passed  through  an  iron  tube  heated  to  a  temperature  just  below  dull  redness,  a 
considerable  amount  of  acetone  being  also  produced. 

Dehydracetic  acid  crystallizes  from  a  hot,  aqueous  solution  in  rhombic  plates 
or  needles,  melting  at  io8°'5  (227''*3  F.);  it  boils  at  about  269°  (^i6°'2  F.), 
but  partially  decomposes.  It  is  difficultly  soluble  in  cold,  but  readily  in  hot 
water ;  the  solution  has  an  acid  reaction,  and  is  coloured  yellow  to  orange-red 
by  ferric  chloride  according  to  the  concentration.  Dehydracetic  acid  is  mono- 
basic, furnishing  a  number  of  crystalline  salts  of  the  formula  CgH^MO^;  its 
nietbylic  salt  crystallizes  in  four-sided  prisms  melting  at  97°  (195^*8  F.),  the 
ethylic  salt  melting  at  9i°'6  (196**  8  P.).  According  to  Oppenheim  and  Precht, 
it  is  scarcely  affected  by  tiie  strongest  hydrochloric^  nitric  or  sulphuric  acid,  but  is 
very  readily  decomposed  by  alkalies,  yielding  acetic  and  carbonic  acids  and  acetone. 
On  tn>atment  with  phosphoric  pentachloride,  it  yields  a  crystalline  chloride  of  the 
formula  C^H^O^Cl^,  and  is  thus  shown  to  contain  the  HO  group  twice.     Crystalline 
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inonochloroo  and  monobromo-derivatives  are  obtained  in  small  quantity  by  the 
action  of  bromine  on  the  acid.  It  appears  to  lose  oxygen  when  submitted  to 
the  action  of  nascent  hydrogen.  On  evaporating  its  solution  in  aqueous  ammonia, 
it  is  converted  into  the  amide  CgH,03.NH,,  and  the  corresponding  anilide, 
CgHyOj.NH.CjH,  is  produced  on  heating  it  with  aniline. 

(1832)  Ethylic  ETHOXYACBTOETHOXYACETATE:  Cj^,H„0,. — This  com- 
pound is  formed  on  treating  ethylic  ethoxyacetate,  CHj(OCjHj.COOC,H^, 
i¥ith  sodium,  &c.,  and  bears  to  it  precisely  the  same  relation  that  ethylic  aceto- 
acetate  bears^  to  ethylic  acetate.  It  boils  at  about  245°  (473**  F.).  It  yields 
a  violet  coloration  with  ferric  chloride ;  dissolves  sodium  ;  and  is  decomposed  by 
acids  with  evolution  of  carbonic  anhydride,  and  by  alkalies  witih  formation  of 
aloohol  and  the  corresponding  ethoxyacetate  (Geuther ;  Conrad,  i^tc^.,  xti.  58). 

(1833)  a-AcETOPBOPiONic  Acid;  Ltsvulinic  Acid:  C,HgO,= 
CH3.CO.CHj.CHj.COOH. — By  decomposing  ethylic  acetosuccinate,  prepared  by  ^ 
the  action  of  ethylic  monochloracetate  on  ethylic  acetosodacetate,  with  a 
concentrated  alcoholic  solution  of  potassio  hydrate,  or  by  hydrochloric  acid, 
potassic  succinate  and  acetate  are  produced ;  but  if  baric  hydrate  be  employed, 
"baric  acetopropionate  and  carbonate  are  formed.     Thus : 

CH..CO.CH.COOC,H.  CH,.COOK 

•        I  "    *   +  3KOH  =  CH.COOK  +    I    '  +  2C,H.0H. 

CH,.COOC,H,  *  CH,.COOK 

CH3,C0.CH.C00C»H, 

IxT  nr^  +  3Ba(0H),-  (CH,.C0.CHj.CH,.C00),Ba+2BaC03+4C,H.0H; 

The  acid  thus  obtained  is  identical  with  the  so-called  Isevulinic  acid  pro- 
duced by  heating  Isevulose  (q.  y.)  with  dilute  sulphuric  acid  (Conrad,  Ann,  Chem, 
JPAarm,,  dxxxviii.  217  ;  Deut  chem.  Ges,  Ber.,  xi.  2177). 

(1834)  RiciNOLEic  AciD:  CjgHj^Og. — As  glyceric  salt,  this  acid  forms 
the  chief  constituent  of  castor  oil — ^the  oil  expressed  from  the  seeds  of 
Iticinui  communis.  The  acid  itself  is  a  colourless  oil,  which  solidifies  to  a 
granular  mass  when  cooled  a  few  degrees  below  0°  (32'**  F.);  it  furnishes  a 
number  of  metallic  salts  of  the  form  C„H„MO,,  which  may  be  crystallized 
from  aloohol  or  ether.  Neither  the  acid  nor  its  salts  oxidize  on  exposure  to 
the  air.  Like  oleic  acid,  it  may  be  converted  by  the  action  of  nitrous  acid 
into  a  crystalline  isomeride  melting  at  50^  (122^  F.).  When  distilled  alone 
rioinoleic  acid  undergoes  decomposition  into  normal  heptaldehyde  (1645) 
and  other  products.  Castor  oil  is  similarly  changed,  and  when  distilled 
under  much  reduced  pressure  yields  about  18  per  cent,  of  its  weight  of 
this  aldehyde  together  with  about  10  per  cent,  of  an  acid  of  the  acrylic 
series  of  the  formula  Cj^H^^jOj  (Kraflft.  Deut,  chem.  Ges,  £er„  x. 
2034;  Becker,  ibid.  xi.  141 2).  Heptaldehyde  is  also  obtained  on  sub- 
jecting the  alkali-metal  salts  of  ricinoleic  acid  to  dry  distillation,  but  if 
sodio  ricinoleate  be  distilled  with  sodic  hydrate,  methylhexylcarbinol  and 
methylhexylketone  are  produced  in  varying  relative  proportions  depending 
upon  the  amount  of  hydrate  and  the  temperature  employed;  the  residue 
contains  sodio  sebate,  Cj^Hj^Na^O^  (comp.  Neison,  Jour.  Chem,  Soc. 
xxvii.  507,  837).  By  the  action  of  hydriodic  acid,  ricinoleic  acid  is  con-: 
verted  into  an  iodo-acid  of  the  formula  Cj^H^^IOj ;  this  combines  with  two 
atoms  of  bromine,  and  when  submitted  to  the  action  of  nascent  hydrogen 
yields  stearic  acid,  C^Hj^O,  (Claus,  Deut.  chem.  Ges.  Ber,,  ix.  1916). 

Two  of  the  atoms  of  oxygen  in  ricinoleic  acid  are  undoubtedly  present 
in  the  form  COOH ;  the  condition  of  the  third  is  not  yet  ascertained,  but 
from  the  behaviour  of  the  acid  on  dry  diritillation  being  so  similar  to  that  of 
dieth-/3-hydroxy butyric   acid   (18 12)    it  would  seem  not  improbable  that  it  ?lc 
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is  present  as  OH.     On  this  assumption  the  foUowing  appeais  to  be  i^e  moit 
probable  formala  of  the  acid : 

(C.H„>.CH(OH).CH  =:  CH.C,Hj,.COOH. 


§  III.  Acids  of  the  CJS.^  (COOH),  or  Succinic  Sfries. 

The  acids  of  the  acetic  series  may  be  regarded  as  formed  from 
the  correspoi^ing  paraffins  containing  the  same  number  of  carbon 
atoms  by  the  conversion  by  oxidation  of  the  group  CH3  into 
C  (011)3,  and  the  removal  of  the  elements  of  a  single  molecule  of 
water  from  this  group ;  in  like  manner^  the  acids  of  the  oxalic  or 
succinic  series  may  be  regarded  as  derived  from  the  correspond- 
ing acids  of  the  acetic  series  by  the  repetition  of  these  operations, 
or^  in  other  words^  as  formed  from  the  corresponding  paraffins 
by  the  conversion  of  two  CHg  groups  into  carboxyl. 

(1835)  ^^  following  is  a  list  of  the  acids  at  present 
known : 


C.HA 
C.HO 


C.HO. 


Oxalic  acid 
Malonic  acid    . 
I  Succinic  kcid  '. 
I  Methylmalonic  acid  . 
Propane*  a-dicarbosy  lie 

acid 

Methjlsuooinic  or  pjrotar- 

tarto  acid    . 
Ethylmalonic  acid    . 
^Dimethylmalonic  acid 
Tetrane*a-dicarbozylic    or 

adipic  acid 
a-Dimethylsuccinic  acid    . 
Ethylsuccinio  acid    . 
Methylpropane^a-dioar- 
'     boxylic  acid 
CyHjjO^ .  J  Pentane-a-dicarboxylic  acid 
^Pimelic  acid    . 
Hexane-a-dioarboxylic     or 

suberic  acid 
Tetramethylsnoeinic  acid   . 
Heptane-a-dicarboxylio     or 

azelaio  acid . 
Octane-o-dicarboxylic  or  se* 

bade  acid  • 
Brassylic  acid 
Booellic  acid  . 


COOH.COOH 
CHXCOOH),  . 
CH,(COOH).CH,(COOH) 
CH,.CH(COOH),     . 


ILF.'C 

.    140 
.  1805 


CcH^oO. 


C.H.O, 


CH,(COOH).CH,.CH,{COOH)    .     9S 

CH,.CH(COOH).CH,(COOH)  .  112 
C,H..CH(COOH),  .  .  .112 
(CHJ,C(COOH),      .         .  ,170 

CH,(C00H).(CH,)..CH,(C0OH).  148 
CH-.CH(COOH  ).CH(CH,)(COOH)  1 66 
C^,.CH(C00H).CH,(COOH)     .     98 

CH,.CH(C00H).CH,.CH,(COOH)   76 

CH,(C00H).(CHJ,.CH,(000H)    103 

114 


CH,(COOH).(CH,),.CH,{COOH)  140 
(CH,),C(COOH).C(CHJ,(COOH)    95 

CH,(COOH).(CHJ..CH,(COOH).   106 

CH,(COOH).(CHJ..CH,((X)OH)    127 
C,H,.(COOH).  .         .         .109 

C^HJCOOH),         .         .  .  ,32 


(1836)     M£THODS   OP  Formation. — The  following  methods 
,are  all  of  more  or  less  general  application.  Cooole 


^8' 
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1.  By  oxidation  of  paraffins.  No  method  of  directly  con- 
verting paraffins  into  the  corresponding  acids  of  the  succinic 
series  is  known^  but  oxalic  and  succinic  acids  and  other  acids  of 
the  series  are  frequently  produced  on  oxidizing  the  higher 
paraffins. 

2.  By  oxidation  of  acids  of  the  acetic  series,  as  in  the  forma- 
tion of  succinic  acid  from  butyric  acid  on  heating  it  with  nitric 
acid: 

CH,.CH,.CH,.COOH  +  3(0  +  OH,)  =  C(OH),.CH,.CH,.COOH  +  3OH,; 
C(OH),.CH,.CH,.COOH  =  COOH.CH^CH,.COOH  +  OH,. 

3.  By  oxidation  of  the  corresponding  glycols  : 
CH,(OH).C„H,^.CH,(OH)  +  4(0  +  OH.)  =  COOH.C„H,„.COOH.  +  60H,. 

4.  By  converting  dihaloid  derivatives  of  paraffins  into  the 
corresponding  dicyano-derivatives,  and  treating  these  latter  with 
water  and  an  alkali  or  mineral  acid : 

CH,Br.CH,.CH,Br  +  2KCN  =  CH,(CN).CH,.CH,(CN)  +  aKBr; 

a-Dibromoprop«iie.  a-DlcTaiiopiopaQt. 

CN.CH,.CH,.CH,.CN  +  60H,  =  C(OH),.CH,.CH,.CH^C(OH),  +  2NH, ; 

o-IMcjanopropane. 

C(OH),.CH,.CH,.CH,.C(OH),  =  COOH.CH,.CH,.CH,.COOH  +  2OH,. 

Propaae-a-dkarboxylle  add. 

In  a  similar  manner^  they  are  obtained  from  monohaloid 
derivatives  of  acids  of  the  acetic  series,  by  treating  ethereal  salts 
of  these  latter  with  a  metallic  cyanide,  &c.,  thus  : 

CH,C1.C00C,H.  +  KCN  =  CH,(CN).COOC,H.  +  ZCl. 
Ethyllo  ohloraeetete.  Efhyllo  i^aiutcetate. 

CN.CH,.COOC,H.  +  3OH,  =  COOH.CH,.COOH  +  NH,  +  C,H,OH. 

Ethylio  eyanaoetete.  Bfakmio  add. 

Many  dihaloid  derivatives  of  paraffins  and  monohaloid  deriva- 
tives of  acids  of  the  acetic  series,  however,  are  not  available  for 
the  preparation  of  acids  of  the  succinic  series  in  this  manner,  as, 
instead  of  exchanging  the  halogen  for  the  group  CN^  they  lose 
the  elements  of  a  molecule  of  haloid  acid. 

5.  By  the  action  of  metallic  silver  on  ethereal  salts  of  mono- 
haloid derivatives  of  acids  of  the  acetic  series ;  e.ff. : 

2CH,LCH,.C00C,H,  +  2Ag  =  2AgI  +  C,H,(COOC,H,),. 

Ethylio  a-iodopropionat«.  Bthylio  adipata. 

6.  By  the  decomposition  of  derivatives  of  ethylic  acetoacetate 
of  the  form  Ac.CH(C„Hg„.COOEt).COOEt  (comp.  1827,  1828), 
by  means  of  a  concentrated  alcoholic  solution  of  potassic 
hydrate  or  (?)  concentrated  hydrochloric  acid : 
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CH«  CO.CBL.  COOC JI.  CHL  COOK 

!          +  3KOH  -  I        +  CH,.C0OK  +  2C,H^.0H. 

CH^COOC,H,        -^                CH,.COOK  ^                      '    * 

Ethjlio  Aeeioiaccinate.                            Poteuic  soodnate.  Potaasio  aoeUte. 

(1837)  Properties. — The  acids  of  the  succinic  series  are  all 
dystalline  bodies.  In  their  chemical  behaviour  they  in  many 
respects  resemble  the  acids  of  the  acetic  series,  but  are  less 
stable,  being  either  partially  or  entirely  decomposed  on  distilla* 
tion :  those  in  which  the  two  carboxyl  groups  are  associated  with 
the  same  carbon  atom  being  resolved  into  carbonic  anhydride  and 
an  acid  of  the  acetic  series : 

CH,.CH(C00H)3  =  CH,.CH,.COOH     +     CO.; 

Iiotaooinio  add.  Propianio  acid. 

whilst  those  in  which  the  two  carboxyl  groups  are  associated 
with  contiguous  carbon  atoms,  furnish  corresponding  anhydrides : 

CH,.C(X)H  CH,.CO^ 

I  -  I    •      >0       +       OH,. 

CH,.COOH  CH,.CO^ 

Soocinio  acid.  Soooliiie  anl^dride. 

Those  in  which  the  carboxyls  are  associated  with  non -conti- 
guous carbon  atoms  have  been  little  investigated,  but  they  do  not 
appear  to  furnish  corresponding  anhydrides,  at  least  in  any 
quantity,  being  apparently,  for  the  most  part,  unchanged  on  dis- 
tillation, or  undergoing  decomposition  in  other  ways. 

(1838)  Oxalic  Acid:  C^HjO^  =  (COOH)^.— This  acid  is 
found  abundantly  as  a  potassic  salt  in  the  leaves  of  the  wood 
sorrel,  Oxalis  acetosella,  and  in  many  other  species  of  oxalis  and 
rumex ;  it  also  exists  as  a  sodic  salt  in  salicomia  and 
salsola^[B,nd  as  calcic  oxalate  in  a  great  number  of,  if  not  in  all 
plants,  the  so-called  ^raphides'  being  generally  crystallized 
calcic  oxalate.  It  is  also  of  frequent  occurrence  as  calcic  salt 
in  the  animal  kingdom,  being  found  in  the  urine  and  in  urinary 


It  may  be  formed — i,  as  sodic  salt,  by  the  direct  union  of  car- 
bonic anhydride  with  metallic  sodium  (Drechsel,  Zeits.  Chem., 
1868,  120),  which  takes  place  at  about  the  boiling  point  of 
mercury  :  2Na+COg=C30^Nag;  2,  also  as  sodic  salt,  by  care- 
fully heating  sodic  formate  (Erlenmeyer  and  Giitschow) : 
2H.COONa=H3+CjjO^Na3 ;  3,  as  ammonic  salt,  together  with 
other  products,  by  the  gradual  decomposition  of  an  aqueous 
solution  of  cyanogen  :  CjNj-f  40H3=CjO^(NHJj;  the  conversion 
of  cyanogen  into  oxalic  acid  is  readily  completely  effected  by 
digesting  it  with  a  dilute  solution  of  a  minerid^acid  or  of  an 
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alkali ;  4^  by  oxidation  of  a  very  large  number  of  carbon  com- 
pounds^ especially  oxygenated  bodies^  such  as  glycerol,  tartaric 
acid,  sugar,  starch  and  cellulose,  by  means  of  oxidizing  agents, 
such  as  nitric  acid  and  potassic  hydrate.  Oxalic  acid  was 
formerly  prepared  on  the  large  scale  by  oxidizing  sugar  or  starch 
with  nitric  acid,  but  it  is  now  almost  entirely  obtained  by  heating 
sawdust  with  a  mixture  of  potassic  and  sodic  hydrate,  which 
is  fouud  to  answer  as  well  as  potassic  hydrate  alone,  although 
sodic  hydrate  is  said  not  to  furnish  satisfactory  results. 

AooordiDg  to  SchuDck,  ADgns  Smith,  and  Boscoe  (Brit  Assoc,  Bep&rt,  1861, 
p.  120),  the  following  method  is  employed  by  Messrs.  Roberts,  Dale  and  Co. : 
-^A  concentrated  solution  of  the  two  hydrates  of  sp.  gr.  1-35  is  prepared 
containing  two  molecular  proportions  of  sodic  hydrate  to  one  of  potassic 
hydrate,  and  into  this  sawdust  is  introduced  so  as  to  form  a  stiff  paste. 
The  pasty  mass  is  placed  in  thick  kyers  upon  heated  iron  plates,  and  stirred 
constantly  whilst  the  temperature  is  gradually  raised.  At  first  water  escapes 
freely ;  as  the  decomposition  advances  the  mass  swells  up  and  disengages  an 
inflammable  gas,  containing  hydrogen  and  methane.  The  temperature  is 
maintained  at  a  point  between  200^  and  250°  (392°  and  482°  F.)  for  a 
couple  of  hours,  when  a  dark  brown  mass,  entirely  soluble  in  water,  is  ob- 
tained. The  exact  nature  of  this  mixture  has  not  been  ascertained.  At 
this  stage,  however,  it  contains  only  from  one  to  four  per  cent,  of  oxalic  acid 
and  a  trace  of  formic,  but  no  acetic  acid ;  the  application  of  heat  to  the  mass 
is  therefore  continued  for  three  or  four  hours  longer,  taking  care  to  avoid 
charring:  the  mass  becomes  thoroughly  dry,  and  finally  contains  from  28  to 
30  per  cent,  of  oxalic  acid.  Hydrogen  appears  to  be  given  off  continuously 
during  the  process,  which  is  quite  successful  in  closed  vessels. 

The  grey  mass  thus  procured  is  treated  with  water  at  15°  (59*  F.)  which 
dissolves  out  everything  but  the  sparingly  soluble  sodic  oxalate.  The 
mother-liquors,  after  the  separation  of  the  sodic  oxalate,  are  boiled  down  to 
dryness,  and  ignited  to  destroy  organic  matter;  the  residue  is  then  rendered 
caustic,  and  after  the  addition  of  a  suitable  quantity  of  sodic  hydrate  used  in 
preparing  a  fresh  charge. 

The  sodic  oxalate  is  decomposed  by  boiling  with  calcic  hydirate,  calcic 
oxalate  being  formed,  which  separates  in  the  insoluble  condition,  whilst  sodic 
hydrate  enters  into  solution,  and  may  be  used  over  again.  The  calcic  oxalate 
thus  obtained  is  decomposed  by  means  of  sulphuric  acid,  and  the  liquor, 
decanted  from  the  calcic  sulphate,  furnishes  crystallized  oxalic  acid  on 
evaporation.  Sawdust  treated  by  this  method  yields  about  half  its  weight  of 
oxalic  acid. 

Thorn,  who  appears  to  have  been  unacquainted  with  the  method  adopted  on 
the  large  scale,  has  made  a  number  of  experiments  with  a  view  to  ascertain  the 
most  favourable  conditions  for  the  conversion  of  woody  fibre  into  oxalic  acid 
{Journ,  pr,  Chem.,  1873  [2],  viii.  182).  He  finds  that  a  considerable  amount 
of  the  acid  (equal  to  about  30  to  50  per  cent  of  the  weight  of  the  sawdust) 
may  be  obtained  by  the  use  of  sodic  hydrate  alone.  When  potassic  hydrate  is 
employed  alone,  more  is  formed  (about  85  per  cent.)  than  with  any  mixture  of 
the  two  hydrates  if  the  maas  be  heated  in  a  vessel  of  some  depth ;  but  if  it  be 
spread  in  a  moderately  thin  layer  on  an  iron  plate,  no  advantage  is  gained  by 
employing  a  mixture  containing  more  than  40  pts.  KOH  to  60  pts.  NaOH. 
Thus  the  following  results  were  obtained  on  treating  mixtures  of  5QHP^*  pi^f 
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sawdust  (oontaining  15  per  cent,  bygroeoopic  moistare)  and  100  pts.  alkali  fer 
one  to  one  and  a  half  honrs : 


Proportion  of 
KOU  :  NaOU. 

Temporatore. 

No.  of 
Sxperimenti. 

Pereontageor 

0  :    100 

200 — 220 

2 

33'^4 

10  !      90 

230 

2 

58-36 

20  :      80 

•    240—250 

4 

7476 

30  :      70 

240—250 

3 

7677 

40  :      60 

240 — 250 

6 

80-57 

60  :     40 

.    240 — 250 

6 

8o-o8 

80  :      20 

245 

4 

81-24 

100  :        0 

240—250 

6 

81-23 

Soft  woods,  such  as  fir,  pine  and  poplar,  gave  a  larger  amoont  of  acid  than  bard 
woods,  such  as  beech  and  oak. 

Oxalic  acid  crystallizes  in  colourless  transparent  monodinic 
prisms  of  the  composition  C^H^O^-f  20Hj^  very  soluble  in  irater 
and  alcohol;  it  is  highly  poisonous.  It  melts  at  98°  (208^*4  F.)j 
and  readily  loses  its  water  of  crystallization  if  maintained  at 
about  this  temperature ;  the  anhydrous  acid  begins  to  sublime 
at  a  somewhat  higher  temperature,  but  is  in  great  part  decom- 
posed into  COj,  CO  and  OH^  a  small  quantity  undergoing  con- 
version  into  formic  acid  and  carbonic  anhydride  (comp.  p.  822). 
When  heated  trith  substances  haying  an  affinity  for  water,  such 
as  sulphuric  acid,  it  is  readily  resolved  into  carbonic  anhydride, 
carbonic  oxide,  and  water.  It  is  completely  decomposed  by  the 
chlorides  of  phosphorus ;  thus  : 


=  CO  +  CO.  +  HCL 


Chlorine  and  bromine  have  no  action  on  the  anhydrous  acid, 
but  in  presence  of  water  they  oxidize  it  to  carbonic  acid.  It  is 
only  slowly  attacked  even  by  boiling  nitric  acid,  but  most  other 
oxidising  agents  rapidly  convert  it  into  carbonic  acid ;  it  is,  how- 
ever, a  less  powerful  reducing  agent  than  formic  acid^  separating 
the  metal  from  auric,  but  not  from  platinic  chloride. 

Metallic  OxalcUes. — Oxalic  acid  furnishes  acid  gaits,  snch  aa'hydric  potsssie 
oxalate  (potassic  binoxalate,  salt  of  sorrel),  £HC,0^,  and  hjdric  baric  oxalate. 
Ba(HC,0  J,  +  40H, ;  a  large  number  of  normal  salts,  snch  as  dipotassic  oxalate, 
'Kjbfi^,  calcie  oxalate,  CaC.O^,  <&c. ;  nnmerons  mixed  (so-called  doable)  salts, 
such  as  dipotassic  capric  oxalate,  KfivL(Cfi^^  and  a  few,  such  as  the 
plumbic  oxalato-nitrate  C,0^(Pb]^0,)^  The  so-called  quadroxalates  and 
basic  oxalates  may  be  formulated  as  derivatives  of  the  ortho-acid  or  addhydrol 
C(OH),.C(OH),,  as  which  we  may  regard  crystallized  oxalic  add ;  t^a%  the 
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"basic"  plumbic  oxalate,  PbC,0^.  aPbO  =  Pb,C,0,,  may  be  regarded  aa  the 
nonnal  aalt  of  this  acid,  while  the  hyperacid  oxalate,  C^HEO^.C^iO^.aOH,, 
may  be  represented  by  the  formula  C(OH),.C(OH),.O.C(OH),.COOK. 

The  oxalates  containing  ammonium  aud  the  alkali  metala  are  soluble  in 
water,  but  most  of  the  others  are  only  Teij  slightly  soluble,  or  are  insoluble  in 
water,  although  readily  dissolved  by  dilute  acids.  The  oxalates  of  the  alkali 
and  alkaline  earth  metals  are  converted  by  ignition  into  carbonates  without  any 
appearance  of  charring,  carbonic  oxide  being  evolved ;  the  oxalates  of  metals 
which  have  but  a  small  attraction  for  oxygen  furnish  carbonic  anhydride  and  a 
residue  of  the  metal.  The  decomposition  of  argentic  oxalate  in  this  manner 
takes  place  so  readily  that  it  detonates  when  suddenly  heated,  whilst  mercuric 
oxalate  detonates  violently  on  merely  rubbing  the  diy  salt. 

Ethereal  Oxalates, — The  normal  salts  are  best  prepared  by  slow  distillation 
of  mixtures  of  the  carbinols  and  dehydrated  oxalic  acid,*  the  product  which 
always  contains  a  certain  amount  of  the  corresponding  ethereal  formate  being 
purified  by  fractional  distillation;  they  are  also  formed  on  saturating  these 
mixtures  with  hydrochloric  acid  gas,  or  by  distilling  them  with  sulphuric  acid, 
and  by  the  action  of  chlorides,  bromides  and  iodides  of  hydrocarbon  radidies  on 
metallic  oxalates. 

Methylic  oxalate,  0^0^(CH,),,  crystallizes  in  glistening  plates,  melting  at 
5i®(i23°-8  F,),  and  boils  at  162®  (353'''6  F.);  it  is  frequently  employed  in 
preparing  pure  methylic  alcohol.  The  homologous  compounds  are  liquid; 
etkylic  oxalate  boils  at  186^  (366^*8  F.) ;  propylic  oxalate  at  210''  (410''  F.) ; 
isobutylic  oxalate  at  225^  (437°  F.) ;  isamylio  oxalate  at  262^  (503*^*6  F.). 
Benzylic  oxalate,  Cfi^  (CH2.C^H  J,,  obtained  by  the  action  of  benzylic  chloride 
on  argentic  oxalate  crystallizes  in  brilliant  white  scales,  melting  at  80^*5 
(1 76*^-9  F.). 

These  salts  are  decomposed  by  water,  and  still  more  readily  by  alkalies,  the 
latter  forming  crystalline  metallic  ethereal  oxalates  :  thus,  on  adding  an  alcoholic 
solution  of  potassic  hydrate  to  an  alcoholic  solution  of  ethylic  oxalate,  potcueic 
ethylic  oxalate,  COOK.COOC,Hf  is  produced.f  The  corresponding  acid 
ethereal  oxalates  formed  on  treating  these  metallic  ethereal  salts  with  acids  are 
extremely  unstable,  and  cannot  be  isolated  ;  they  are  also  produced  on  heating 


*  Cahonrs  and  Bemarcay  have  shown  (Compt,  Bend,,  Ixxxvi.  991)  that  this 
only  holds  good  for  primary  carbinols,  secondary  and  tertiary  carbinols  yielding 
corresponding  defines ;  and  even  primary  carbinols  of  high  molecular  weight 
are  similarly  decomposed. 

t  The  formation  of  these  compounds  is  probably  preceded  by  that  of  a  com- 
pound of  the  ethereal  oxalate  with  the  metallic  or  ethereal  hydrate,  for  Salomon 
has  observed  (Deut,  chetn,  Gef,  Ber,,  viii.  1509)  that  when  ethylic  oxalate 
is  treated  with  a  solution  of  potassic  methylate  in  methylic  alcohol  the  product 
consists  of  potassic  methylic  oxalate;  it  may  be  supposed  that  the  group 
COOC^H,  combines  with  the  methylate  forming  C(OCH,)(OC,HJ(OK),  and 
that  C,H,OE  is  subsequently  split  off.  According  to  Weddige  (Jour,  pr, 
Chem,  [2]  xii.  434)  a  similar  change,  but  of  the  reverse  order,  takes  place  on 
treating  methylic  oxalate  with  a  solution  of  ammonia  in  ethylic  alcohol,  whereby 
ethylic  oxamate,  NH,.CO.COOC,H^,  is  formed.  Frankland  and  Duppa  have  re- 
commended the  use  of  methylated  spirit  for  the  preparation  of  ethylic  oxalate, 
and  make  no  mention  of  the  presence  of  methylic  oxalate  in  the  product 
{Jour,  Chem,  Soc,  xxii.  29)  ;  as  the  whole  of  the  alcohol  is  not  utilized  it 
would  be  possible  to  explain  the  non-formation  of  the  methylic  salt  in  a  similar 
manner.  ^  f 
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oxalic  acid  with  carbinols.  By  treating  the  metallic  ethereal  salts  with  the 
chlorides  of  phosphoruH  they  are  converted  into  chlorides  of  the  form 
ClCO.COOCnH,n  + ,,  &c.,  potassic  ethylic  oxalate,  for  example,  yielding  the 
chloride  CICO.COOC^H^  when  acted  upon  hy  phosphoric  oxychloride  (Henrys, 
Deut  Ckem,  Ges,  JBer,,  iv.  598).  According  to  v.  Bichter  (ibid.,  x.  2228), 
this  chloride  is  more  readily  produced  by  the  action  of  phosphoric  pentachloride  on 
ethylic  oxalate,  the  corresponding  bromide  being  formed  when  phosphoric  pen- 
tabromide  is  employed.  It  is  a  colourless  mobile  liquid,  boiling  without  decom- 
position at  about  130*  (26j°'S  F.)  (Richter) ;  water  and  alcohol  at  once  decom- 
pose it ;  by  the  continued  action  of  phosphoric  pentachloride  it  is  converted 
into  ethylic  trichloracetate  (Richter). 

Ethylic  oxalate  and  its  homologues  are  decomposed  by  sodium  and  potassium, 
being  mainly  converted  into  the  corresponding  carbonates  with  evolution  of 
carbonic  oxide :  CjO^(CnHta  +  X  =  CO/CnHjn  +  ,),  +  CO,  comparatively  small 
quantities  of  other  products  being  formed.  Geuther  (Zeits.  Chem,,  1868, 656), 
and  Dittmar  and  Cranston  {Jour,  Chem,  Soc,  1869,  xxii.  441)  have  shown 
that  the  action  of  sodic  ethylate  on  ethylic  oxalate  is  similar  to  that  of  sodium, 
and  suggest  that  even  when  sodium  is  employed,  the  decomposition  is  really  due 
to  the  action  of  the  ethylate.  According  to  the  latter  chemists,  sodic  ethylate 
gradually  dissolves  in  ethylic  oxalate  with  slight  evolution  of  heat,  forming  a 
yellowish  syrup,  which  sometimes  gelatinizes  on  standing.  J£  this  product  be 
gradually  heated,  a  powerful  reaction  is  observed  to  set  in  at  about  80^  (176** 
F.),  large  quantities  of  pure  carbonic  oxide  being  evolved,  and  the  mass  becomes 
darker  and  darker  in  colour,  and  at  last  almost  black.  On  distilling  the 
product  from  an  oil-bath  at  a  temperature  not  exceeding  200**  (39^^  ^*h 
a  distillate  is  obtained  containing  ethylic  carbonate,  undeoomposed  ethylic 
oxalate,  and  a  small  quantity  of  ethylic  alcohol,  the  last  mentioned 
being  always  present,  even  when  the  most  carefully  dehydrated  and  de- 
alcoholated  substances  are  employed.  The  residue  is  black,  and  contains  sodic 
oznlate,  a  small  quantity  of  formate,  and  the  sodic  salts  of  a  comi^ex 
of  organic  acids  not  yet  defined,  but  no  carbonate  if  the  proportion  of  ethy- 
late used  be  not  greater  than  about  one-eighth  of  the  weight  of  the  oxalate. 
When  the  ethylate  and  oxalate  are  employed  in  simple  molecular  proportions,  a 
considerable  amount  of  sodic  ethylic  carbonate  and  ethylic  ether  are  also  formed 
by  the  action  of  the  ethylate  on  the  ethylic  carbonate  which  is  completely 
resolved  into  these  two  compounds  by  heating  with  the  pure  ethylate,  and  also 
furnishes  them,  together  with  carbonic  oxide,  when  submitted  to  the  action  of 
sodium.  Dittmar  and  Cranston  found  that  a  single  mol.  proportion  of  sodic 
ethylate,  acting  on  an  excess  of  ethylic  oxalate,  sufficed  to  decompose  four  mol. 
props,  of  the  oxalate,  producing  three  mol.  props,  of  ethylic  carbonate,  and  three 
of  carbonic  oxide,  together  with  about  '4  mol.  props,  of  alcohoL  A  single  moL 
prop,  of  potassic  ethylate,  however,  was  found  capable  of  decomposing  upwards  of 
six  mol.  props,  of  ethylic  oxalate,  and  to  furnish  no  less  than  i  *6  mol.  props,  of 
alcohol  to  6*2  mol.  props,  of  ethylic  carbonate.  The  principal  decomposition, 
perhaps,  takes  place  in  the  manner  represented  by  the  following  oquation : 

COOC.H.  C(OC,Hj,.ONa 

I  +  NaOC,H.  =    I  =  C0(0C,HJ,  +  CO  -»-  NaOC^,. 

COOC,H,  COOC,H, 

According  to  Lowig,  if  ethylic  oxalate  be  agitated  with  sodium  amalgam,  a 
product  is  obtained  consisting  of  sodic  oxalate  and  at  least  one  other  sodic  salt, 
together  with  a  fermentable  sngar  and  the  ethylic  salt  of  a  tribasic  acid  of  the 
formula  C^H^O,,  which  he  terms  desoxalic  or  raoemocarbonio  scid.     Bnmner 
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(Deut.  chem.  Ges.  Ber.,  iii.  974),  however,  has  failed  in  obtaining  the  sugar,  and 
states  that  desoxalio  acid  (q.v.)  has  the  formula  0^11,0,. 

On  treating  an  alcoholic  solution  of  ethylio  oxalate  with  sodium  amalgam, 
salts  of  glycolic  and  tartaric  acid  are  produced  (Debus). 

(1839)  Methanedicarboxylic  or  Malonic  Acid  :  C^fi^^ 
CHg(C00H)3. — ^This  acid  was  originally  obtained  by  Dessaignes 
by  oxidation  of  malic  acid.  It  may  be  formed,  i.  from  cyan- 
acetic  acid  (1768) ;  2.  by  heating  so-called  barbituric  acid,  a  uric 
acid  derivative,  with  a  solution  of  potassic  hydrate ;  and  3.  by 
boiling  ethylic  a-chloracrylate,  CHClZZCH.COOCgHg,  with  a 
solution  of  baric  hydrate  (Pinner,  Deut,  chem.  Ges.  Ber,,  viii.  963). 

Malonic  acid  crystallizes  in  large  flat  triclinic  prisms,  easily 
soluble  in  water  and  alcohol;  it  melts  at  140°  (284° F.),  and 
when  heated  at  about  150°  (302°  F.)  decomposes  into  acetic  acid 
and  carbonic  anhydride. 

Malonates. — Both  the  acid  and  normal  salts  of  malonic  acid,  excepting 
those  containing  alkali  metals,  are  sparingly  soluble  in  water ;  the  baric  salt, 
CjHjO^Ba  +  20Hj,  is  one  of  the  most  characteristic,  crystallizing  in  aggregates 
of  small  thick  prisms :  it  loses  one  of  its  mols.  of  water  at  100°  (212^  F.),  bat 
the  second  is  not  expelled  below  150°  (302°  F.)  (comp.  Finkelstein,  ii«».  Chem, 
Phar.y  cxxxiii.  338). 

(1840)  Ethanedicarboxylic  Acids  :  G^fi^^C^Yl^{COOWj^. 
— Only  two  dicarboxylic  acids  can  be  derived  from  ethane^  and 
both  are  known — viz.,  succinic  and  isosuccinic  acid. 

(1841)  Succinic  or  ETHANE-a-DiCARBoxvLic  Acid, 
COOH.CHg.CH3.COOH,  has  been  long  known  as  a  product  of 
the  distillation  of  amber  {auccinum),  being  mentioned  by  Agricola 
under  the  name  of  ^^  volatile  salt  of  amber  ^'  as  early  as  1657. 
It  appears  to  be  very  widely  distributed,  having  been  found  not 
only  in  amber,  but  also  in  certaia  lignites,  in  turpentine,  in  the 
juice  of  unripe  grapes  (Brunner  and  Brandenburg,  Deut,  chem.Ges, 
Ber,,  ix.  982)  and  of  the  plants  Artemisia  absinthium,  Chelidonium 
majus  and  Lactuca  virosa ;  also  in  the  animal  organism,  as  in 
the  thymoid  gland  of  the  calf,  the  spleen  of  the  ox  (Gorup- 
Besanez),  in  certain  pathological  exudations (Heintz),  and  inhuman 
urine  after  eating  asparagus  (Hilger,-47in.CA«?n.PAarw.,clxxi.ijo8). 

Succinic  acid  may  be  obtained  by  the  following  reactions, 
among  others : 

I.  By  heating  a-dicyanethane  (ethylenic  cyanide,  1220),  obtained  by 
digesting  a-dibromethane  or  ethylenic  bromide  with  an  alcoholic  solution  of 
potassic  cyanide,  with  water  and  an  alkali  or  mineral  acid  (Maxwell  Simpson, 
B,  Soc,  Fr.,  X.  574;  Phil.  Trans.,  1861,  61  ;  (comp.  Jungfleisch,  Bull,  Soc. 
Chim.  [2],  xix.  197 ;  Nevole  and  Tchemiak,  ihid.  [2],  xxx.  10 1).  Erlenmeyer 
and  Simpson  have  shown  {Ann.  Chem.  Pharm,,  cxlv.  365,  373)  that  iS-dichlor- 
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ethane  or  etfaylideuic  chloride,  CH,.CHC1,,  also  yields  sncoinic  acid  wheo 
heated  with  potauic  cyanide,  &c. :  /3-dichlorethane  is,  however,  onlj  acted  npon 
hj  the  cyanide  at  a  temperature  ahove  150^  (302*  F.),  and  in  probably  coo- 
verted  into  monochlorethylene,  and  this,  perhaps,  anites  with  hydrocyanic  acid, 
forming  a-cyanochlorethane,  CH,C1.GH,.CN,  which  is  subsequently  converted 
into  a-dioyanethane. 

3.  By  heating  a*iodopropionic  acid  with  an  aqueous  solution  of  potasttic 
cyanide,  and  digesting  the  product  with  a  solution  of  potaasic  hydrate  (▼. 
Bichter,  ZeiU.  Chem.,  1868,449). 

3.  By  oxidation  of  higher  terms  of  the  paraffin  series,  of  butyric  acid  and 
many  of  its  homologues,  and  of  many  other  carbon  compounds.  According  to 
Erlenmeyer,  Sigel  and  Belli  {Ann,  Chem.  Pharm.,  dxxx.  207),  butyric  acid  ia 
converted  into  succinic  and  carbonic  acid  and  water  by  oxidation  with  nitric  add, 
the  carbonic  acid  being  probably  the  product  of  the  further  oxidation  of  the 
succinic  acid ;  normal  caproic  acid  yields  succinic  and  acetic  acid.  In  neither 
case  is  oxalic  acid  produced.  The  amount  of  succinic  acid  obtained  from  botyiic 
acid  is  very  small,  but  caproic  acid  furnishes  about  50  per  cent  of  the  quantity 
which  can  be  formed  by  its  resolution  into  succinic  and  acetic  acid. 

4.  In  small  quantity  by  heating  bromaoetic  acid  with  finely-divided  ailverat 
130'  (266®  P.)  (Steiner,  Deut  chem.  Ges.  Ber.,  vii.  184). 

5.  By  heating  ethylic  acetosuccinate  (1827,  1833)  wiUi  a  concentrated  alco- 
holic solution  of  potassio  hydrate. 

6.  By  heating  monhydroxy-  and  dihydroxy-succinic  acid  (malic  and  tartaric 
acid)  with  hydriodic  acid.  It  may  be  conveniently  prepared  by  this  method  by 
digesting  a  mixture  of  tartaric  acid  and  a  small  quantity  of  water  with  iodine 
in  a  retort,  adding  small  pieces  of  phosphorus  from  time  to  time ;  the  hydriodic 
acid  acts  on  the  tartaric  acid,  forming  succinic  acid,  water  and  iodine,  but  the 
iodine  is  no  sooner  liberated  than  it  is  reconverted  into  hydriodic  acid,  which 
then  reduces  a  further  quantity  of  tartaric  acid. 

7.  By  the  combination  of  maleic  and  fumaric  acid  with  nascent  hydrogoo. 

8.  As  a  product  of  fermentation.  Succinic  acid  is  a  constant  product  of  the 
fermentation  of  sugar  by  yeast,  the  amount  obtained  varying  from  about  *5  to  7 
per  cent  of  the  weight  of  the  sugar  (Pasteur,  Ann.  Ckim,  P^ys,,  i860  [3], 
Iviii.  323).  It  is  also  formed  in  the  conversion  of  alcohol  into  acetic  acid  under 
the  influence  of  the  Mycoderma  aceti  (Pasteur).  Calcic  malate  furnishes  neariy 
one-third  its  weight  of  succinic  acid,  and  the  acid  may  be  advantageou^y  pre- 
pared by  fermenting  the  crude  calcic  malate  obtained  by  neutralizing  the 
expressed  juice  of  mountain  ash  berries  {Sarbus  Aucuparia)  with  calcic  carlmiate : 
usually  the  product  consists  of  a  mixture  of  calcic  acetate  and  malate,  carbonic 
anhydride  being  evolved,  but  the  formation  of  calcic  lactate  has  often  been 
observed,  and  it  frequently  happens  that  hydrogen  is  evolved,  in  which  case  caleie 
butyrate  is  also  formed.  The  common  practice  is  to  add  yeast  or  decayed  cheese 
to  initiate  fermentation,  and  doubtless  the  formation  of  these  various  producta  is 
in  a  great  measure  to  be  ascribed  to  the  presence  of  a  variety  of  ferments.  Fits, 
in  fact,  has  found  {Deut.  chem.  Ges.  Per.,  xi.,  1890)  that  if  a  solution  of  calcic 
malate,  to  which  small  quantities  of  the  necessary  mineral  salts  have  been  added, 
be  fermented  by  means  of  a  Bacillus  having  the  form  of  short  thin  rods,  a  mix- 
ture is  obtained  consisting  of  calcic  acetate  and  succinate  almost  in  the  propor- 
tions required  by  the  equation  3^4^.0,  =  2C,H^0,  +  C,H,0,  +  2CO,  +  OH, ; 
whereas,  when  a  short  cylindrical  Bacillue  was  employed,  he  obtained  a 
mixture  of  calcic  propionate  and  acetate,  53*6  grams  of  malic  acid  giving 
about  18  grams  propionic  acid,  6  grams  acetic  acid  and  only  '07  grams 
succinic  acid,  together  with  5  grams  ethylic  alcohoL  According  to  the  same 
observer,  erythrol  yields  an  amount  of  butyric  and  succinic  acid  on  fermentatioii 
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almoBt  equal  to  that  required  if  two  mols.  are  converted  nto  a  single  mol. 
of  each  of  these  acids.  Very  small  quantities  of  succinic  acid  are  formed 
on  fermentation  of  mannitol  and  oitrio  acid  (Fitz).  Asparagine,  and  maleic, 
fumaric  and  aconitic  acids  also  jield  succinic  acid  on  fermentation. 

Succinic  acid  crystallizes  in  rhombic  or  hexagonal  plates 
belonging  to  the  monoclinic  system^  soluble  in  about  6  pts.  of 
water  at  i8°  (64°*4  F.)  (comp.  Bourgoin,  ibid.,  vii.  187) ;  it  is  less 
soluble  in  alcohol^  and  almost  insoluble  in  ether.  It  melts  at 
1 80^-5  (356^*9  P.)^  t^*  ^  heated  in  an  open  tube,  or  on  a  flat 
surface,  it  sublimes  considerably  below  this  temperature,  giving 
off  fumes  productive  of  violent  coughing  if  inhaled ;  it  boils  at 
about  235°  (455°  P.)>  being  resolved  into  succinic  anhydride  and 
water.  It  is  a  body  of  very  considerable  stability,  being  but 
slowly  and  imperfectly  acted  upon  by  most  oxidizing  agents :  it 
may,  however,  be  completely  converted  into  carbonic  acid  and 
water  by  prolonged  heating  with  nitric  acid  of  sp.  gr.  1*4  at 
1 60°— 180°  (320°— 356°  P.)  (Erlenmeyer,  Sigel  and  Belli).  It  is 
not  altered  even  by  heating  with  concentrated  sulphuric  acid ;  but 
phosphoric  anhydride  converts  it  into  succinic  anhydride.  When 
carefully  fused  with  potassic  hydrate,  it  yields  a  mixture  of  pro- 
pionate and  carbonate;  according  to  Seekamp  {Ann.  Chem. 
Pharm.  cxxxiii.  253),  a  similar  decomposition  takes  place  on 
exposing  a  solution  of  uranic  succinate  to  sunlight.  On  electro- 
lyzing  a  concentrated  solution  of  sodic  succinate,  hydrogen  is 
evolved  at  the  negative,  and  a  mixture  of  ethylene  and  carbonic 
anhydride  at  the  positive  pole  (Kekule). 

Succinates. — ^The  metallic  derivatives  of  succinic  acid,  with  the  exception  of 
magnesic  succinate  and  the  ammonic  and  alkali-metal  salts,  which  are  easily 
soluble,  are  sparingly  soluble  in  water.  CcUcic  succinate,  which  is  one  of  the 
most  characteristic,  is  gradually  deposited  in  small  needles  of  the  composition 
G^H^O^Ga  +  3OH,  on  mixing  cold  concentrated  solutions  of  calcic  chloride 
and  sodic  succinate ;  but  if  the  solutions  are  mixed  hot,  a  precipitate  is  imme- 
diately formed  of  the  composition  G^H^O^Ga  +  OH,.  Ferric  chloride  added  to  a 
solution  of  a  succinate  at  once  produces  a  reddish«brown  precipitate  of  a  basic  salt. 

Ethereal  salts  of  succinic  acid  are  readily  obtaiaed  by  the  ordinary  methods. 
Ethylio  succinate,  G^H^O^(G,HJ,,  is  an  oily  liquid  boiling  at  about  217^ 
(422^-6  F.). 

(1842)  SvcciNio  AiTHtDBTDB:  Oflfi^. — This  compound  is  formed  on 
distilling  succinic  acid  alone,  and  also  on  heating  it  with  phosphoric  pentoxide 
or  pentachloride,  or  with  acetic  chloride,  acetic  anhydride  or  succinic  chloride 
(Anschiitz,  Deut  ehem.  Oes',  Ber.,  x.)325, 1881) ;  it  is  usually  prepared  by  the 
•id  of  phosphoric  pentachloride.  Succinic  anhydride  may  be  crystallized  from 
anhydrous  alcohol  apparently  without  change ;  boilbg  water  reconverts  it  into 
the  acid.  It  melts  at  T20''  (248'' F.),  and  boils  at  about  250""  (482''  F.). 
By  distillation  with  phosphoric  pentachloride  it  is  converted  into  succinic 
chloride,  G,H/G0C1),.  This  compound  crystallizes  when  cooled  to  o*»  (32**  F.), 
and  boils  at  about  190°  (374^  F.);  it  is  readily  decomposed  by  water  and  by 
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alcohol.  By  gradually  mixing  Bucoinio  anhydride  with  bario  peroxide  and  « 
little  water,  a  solution  is  obtained  having  powerful  oxidizing  properties,  and 
which  is  decomposed  on  boiling  with  evolution  of  oxygen  and  formation  of  baric 
succinate  ^Brodie,  Phil,  Trans.,  1863,  417). 

(1843)  Thio-debivativbs  of  Succinic  Acid. — By  heating  pbenylie 
succinate,  C,H^(C00C,H^)2,  prepared  by  the  action  of  succinic  chloride  on  phenol, 
with  a  solution  of  potassio  sulphydrate  in  anhydrous  alcohol,  it  is  converted  into 
phenol  and  the  salt  C,H/COSK),.  This  salt  crystallizes  in  white  needles ;  it 
is  extremely  soluble  in  water,  and  also  dissolves  readily  in  alcohol  and  ether,  but 
the  solutions  rapidly  alter  in  contact  with  air ;  it  is  decomposed  by  acids  in  the 
following  manner : 

I    '  +  2HCI  =   2KCI  +1  =    I    "      >S  +  SH.. 

CH,.COSK  CH,.COSH       CH,.CO'^ 

The  compound  C^H^O,S  is  crystalline,  and  very  soluble  in  water,  alcohol  and 
ether ;  it  has  an  acid  reaction,  and  its  solution  yields  precipitates  with  a  number 
of  metallic  salts  (Weselsky,  ibid.,  ii.  518). 

(1844)  Ethylio  diacetosuccinate  :  CgHgO^  (C,H,),. — ^This  compound  is 
formed  by  the  action  of  iodine  on  ethylic  acetosodaoetate  (Biigheimer,  ibid.,  lil 
892): 

21  •  +  I.  =  2NaI  +        •        I  •- 

CHNa.COOC,H.  CH3.C0.CH.C00C,H. 

It  crystallizes  in  rhombic  plates,  rery  soluble  in  alcohol,  ether,  and  benzene; 
it  melts  at  about  77®  (i7o''*6  F.),  undergoing  partial  decomposition.  When 
boiled  with  dilute  sulphuric  acid,  it  yields  ethylic  alcohol  and  the  ethylio  salt  of 
carbuvic acid:  C.H^O.CC.H,).  +  OH,  =  C,H..OH  +  C,H.O,(C,HJ  =  C,H^O,(C,HJ 
4-  OH,,  together  with  carbuvic  acid,  Cfifi^,  and  an  acid  derived  from  car- 
buvic acid  by  the  withdrawal  of  the  elements  of  a  molecule  of  carbonic  anhy 
dride :  C^HjO^  -  CO,  =  CyHgO,,  this  latter  acid  being  identical  with  the  uvic  add 
obtained  on  boiling  acetoformic  acid  with  a  solution  of  baric  hydrate  (1820; 
Harrow,  Jour.  Chem.  Soc.  Trans.,  1878,  425). 

(1845)  A.CTION  OF  Alkali  Metals  on  Ethylic  Succinate. — Fehlingia 
1 844  first  studied  the  action  of  alkali  metals  on  ethylic  succinate,  and  obtiuned  a  pro- 
duct of  the  empirical  formula  C^H^O,.  Geuther  subsequently  suggested  thatthii 
compound  probably  stood  in  the  same  relation  to  the  parent  substance  as  ethylic 
acetoacetate  to  ethylic  acetate,  a  prediction  which  Hermann  has  since  confirmed. 
According  to  Hermann  (7«atty.i?M.,Tiibingen,  1875 ;  Deut.  chem.  Ges.  Ber.,  viiL 
T039  ;  X.  107,  646 ;  comp.  Bemsen,  ibid.,  viii.  1408,  ix.  8)  potassium  dissolves  in 
ethylic  succinate  with  evolution  of  hydrogen  and  considerable  development  of 
heat ;  when  the  amount  of  metal  added  is  equal  to  from  one-fifleenth  to  one- 
tenth  of  the  weight  of  the  succinate,  a  brown -red  sticky  mass  is  obtuned,  and 
further  action  becomes  almost  impossible.  It  is  not  advisable  to  heat  on  the 
water-bath,  as  this  causes  decomposition,  but  if  two  or  three  volumes  of  benzene 
be  added  and  the  mixture  heated  gently,  a  considerable  further  quantity  of 
potassium  can  be  dissolved ;  the  entire  amount  added  should  not,  however,  ex** 
ceed  one-sixth  of  the  weight  of  the  succinate.  The  solid  product  is  separated 
as  far  as  possible  from  the  liquid  by  filtration  under  reduced  pressure,  and  is 
then  decomposed  with  highly  dilute  hydrochloric  acid ;  a  yellowish  coherent 
mass  of  the  consistency  of  very  sod  butter  is  thus  obtained,  which  may  be 
purified  by  pressing  between  folds  of  porous  paper,  washing  with  oold  alcohol, 
crystallizing  from  boiling  alcohol,  washing  with  water,  and  finally  recryatalliuDg 
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from  ether.  Sodinm  actfl  on  ethylic  anccinate  less  yiolently  than  potassium,  bat 
ultimately  furnishes  the  same  compound ;  on  exposure  to  air,  the  immediate 
product  of  the  reaction  forms  a  pale  yellow  pulverulent  mass,  and  on  this  account 
sodium  is  preferable  to  potassium  notwithstanding  the  slowness  with  which 
itauts. 

Ethylic  suecinosuccinaie  as,  for  want  of  a  better  name,  the  product  may  be 
termed,  appears  to  bear  the  relation  to  ethylic  succinate  indicated  by  the  follow- 
ing formula : 

CH,.COOC,H,  CH,.CO.CH.COOC,H, 

CH,.COOC,H,  CH,.CO.CH.COOC,H,  * 

It  crystallizes  with  considerable  facility,  separating  from  its  solution  in  ether 
or  benzene  by  slow  evaporation  in  large  well-formed,  glistening,  transparent, 
triclinic  prisms ;  the  crystals  are  of  a  very  &int  greenish  colour,  except  in  one 
direction,  in  which  they  exhibit  a  pale-blue  colour.  It  is  easily  soluble  in  hot 
benzene,  alcohol,  or  ether,  but  only  slightly  soluble  in  these  liquids  at  the 
ordinary  temperature ;  mere  traces  only  are  dissolved  by  boiling  water,  but  it  is 
readily  soluble  in  alkalies,  forming  yellow  solutions,  from  which  it  is  reprecipi- 
tated  unchanged  by  acids.  Its  solutions  in  neutral  media  exhibit  an  intense 
pale  blue  fluorescence,  very  similar  to  that  of  quinine  solutions,  but  there  are 
two  well-marked  minima  in  the  spectrum  of  the  emitted  light,  one  near  D, 
the  other  near  F,  whereas  there  is  only  a  single  minimum  between  D  and 
E  in  the  quinine  spectrum.  Ethylic  succinosuceinate  melts  at  127°  (260^*6  F.), 
and  is  decomposed  at  a  slightly  higher  temperature.  It  dissolves  sodium  and 
potassium  with  evolution  of  hydrogen,  forming  metallic  derivatives,  which  are 
also  obtained  on  dissolving  it  in  solutions  of  the  hydroxides  of  these  metals ; 
other  derivatives  may  be  prepared  from  these  by  double  decomposition  with 
various  metallic  salts :  thus,  magnesic  sulphate  produces  a  deep  yellow-coloured 
precipitate  which  acquires  a  carmine-red  colour  when  freed  from  the  excess  of 
the  precipitant  by  washing  with  hot  water.  The  composition  of  these  metallic 
derivatives  has  not  yet  been  satisfactorily  ascertained, 

Ethylic  succinosuceinate  is  readily  decomposed  in  contact  with  alkalies,  but 
the  products  vary  according  as  the  solution  is  preserved  from  contact  with  the 
air  or  not.  In  the  former  case,  if  the  unaltered  succinosuceinate  be  precipitated 
ailer  about  two  hours  by  saturating  the  solution  with  carbonic  anhydride, 
and  the  filtered  liquid  be  acidulated  with  acetic  acid,  a  crystalline  precipitate  is 
thrown  down  which  appears  to  be  the  acid  ethylic  salt  of  succinosuccinic  acid ; 
this  compound  melts  at  98°  (2o8^'4F.)  with  evolution  of  carbonic  anhydride, 
being  converted  into  ethylic  succinopropionate  : 

CH,.CO.CH.COOH  CK.CO.CH, 

1*1  =  CO,   +    I    '        I   • 

CH,.CO.CH.COOaH,  CH,.CO.CH.COOC,H, 

On  adding  dilute  sulphuric  acid  to  the  filtrate  from  the  precipitate  caused 
by  acetic  acid,  a  second  precipitate  is  obtained;  which  probably  consists  of  suc- 
cinosuccinic acid.  '  The  filtrate  from  this  precipitate  *  contains  a  third  product 
not  yet  isolated,  but  on  distilling  the  residue  which  remains  on  evaporation, 
quinol  (hydroquinone)  or  paradihydroxybenzene,  CjH^(OH),,  is  obtained;  and 
if  a  solution  of  ethylic  succinosuceinate  in  alkali  which  has  been  preserved  for  a 
considerable  time  out  of  contact  with  the  air  be  acidulated  with  sulpburio  acid 
and  then  treated  with  a  large  excess  of  bromine,  bromo-derivatives  of  quinone 
are  obtained  in  large  quantity, 
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If  the  alkaline  aolation  of  saocmosaccinate  be  exposed  to  the  air,  the  above 
described  decomposition-produota  are  formed  together  with  others  varying 
aooording  to  the  length  of  exposure ;  if  sulphuric  acid  be  added  when  the 
liquid  acquires  a  brown  colour,  a  precipitate  is  obtained  from  which  boiling 
water  extracts  an  acid,crystaliizingin  brownish-yellow  needles  of  the  oomponition 
O^Hp,  (COOH), ;  this  acid  yields  quinol  on  fusion  with  potassic  hydrate. 

Herrmann  has  also  made  the  important  observation  that  orthohydroxybenzoie 
or  salicylic  acid,  C^H/OH)COOH,  is  formed  in  no  inconsiderable  quantity  on 
digesting  ethylic  succinate  with  an  excess  of  sodium  (?  without  heating)  for  a 
period  of  several  weeks. 

(1846)  IsosucciNic  Acid;  Methylmalonic  or  Ethanb-j3- 
DiCARBoxYLic  AciD :  CHj.CH  (COOH)j. — ^This  acid  was  first 
obtained  by  H.  Miiller  from  ethylic  j3-cIdoropropionate, 
CHj.CHCl.COOCjHg,  by  digesting  with  potassic  cyanide,  &c- 
{Jowr.  Chem.  Soc.  [2]  ii.  109),  but  the  isomerism  of  the  acid 
thus  produced  with  ordinary  succinic  acid  was  first  recognised 
by  Wichelhaus  (^Ann,  Chem,  Pharm.,  Sup.  vi.  281)  and  v.  Richter 
{Zeits.  Chem.,  1868,  451);  it  has  since  been  studied  by  Byk 
{Jour.  pr.  Chem.  [2]  i.  19),  Schmoeger,  {ibid.  [2]  xiv.  77),  and 
KrestownikoflF  {Deut  chem.  Ges.  Ber.,  x.  409).  See  also  Zublin 
{ibid.  xii.  1112). 

Isosuccinic  acid  forms  colourless  prismatic  crystals  much 
more  soluble  in  water  than  succinic  acid ;  it  sublimes  even  below 
100°  (2I2°F.)  in  microscopic  plates,  and  melts  at  130°  (266° 
F.),  but  it  commences  to  decompose  a  few  degrees  above  100^ 
(2 1 2°  F.)  and  on  distillation  is  completely  resolved  into  carbonic 
anhydride  and  propionic  acid ;  when  rapidly  heated  on  platinum 
foil,  it  emits  irritating  vapours  like  those  of  succinic  acid. 

The  metallic  isosuccinates  are,  for  the  most  part,  much  more 
soluble  than  the  corresponding  succinates,  and  readily  decompose 
when  heated;  the  alkaline  isosuccinates  do  not  furnish  a  pre- 
cipitate with  ferric  salts.  Ethylic  isosuccinate  does  not  decompose 
even  at  a  temperature  of  350°  (662°  F.). 

(1847)  Propanedicarboxylic  acids:  CgHgO^—CgH^  {COOH)j|. 
The  four  dibasic  acids  which  theoretically  can  be  derived  from 
propane  are  all  known  : 

Propane-o-dicarboxylic  acid CH,(COOH).CH,.CH  (COOH). 

Methjlsuocinic  or  pyrotartaric  acid  ....  CH,.CH(COOH).CH,((X)OH). 

Dimethylmalonic  acid (CHJ^C(C(X)H)^ 

Ethjlmalonic  acid CH,.CH,.CH(COOH),. 

Propane-a'dirarhoaylie  or  gltUaric  add,  CH,(COOH).CH,  CH,(COOH), 
may  be  prepared  from  the  dibromopropaoe  GH,Br.CH,.CH,Br,  by  the  ordinary 
method  (Lermontoff,  Ann.  Chem.  PAarm.,  clxxxii.  341 :  Beboal,  Ann.  CSUm. 
PA^<.[5],xiy.  455) ;  by  saturating  a  concentrated  aqueous  solution  of  glutanicacid, 
C,H.(OH)(COOH),  with  hydriodioadd  (Dittmar,  Markownikofi;  ibid.) ;  and  by 
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decoxnpoeing  with  a  oonoentrated  alcoholic  solation  of  potassic  hydrate  the  ethylie 
salt   obtained  by  the  action  of  ethylie  a-iodopropionate,  CH,I.CH,.COOCjHj,  on 
ethylie  acetosodaoetate  (Wislicenus  and  Limpach,  Und,  cxdi.  128).     It  is  ex- 
tremely Bolnble  in  water,  and  only  slightly  less  soluble  in  ether,  bat  nevertheless 
crystallizes  very  readily  in  large  transparent  broad  four-sided  prisms,  melting  at 
95"* — 98°  (203°— 2o8°'4  F.)     If  rapidly  and  strongly  heated,  it  distils  almost 
unchanged  at  290°  (554^  F.);  but  if  slowly  distilled,  it  is  partially  resolved , 
into  the  anhydride  and  water,  passing  over  almost  entirely  below  285°  (545**  F.). 
The  anhydride  may  be  obtained  by  treating  the  silver  salt  of  the  acid  witii 
an  ethereal  solation  of  acetic  chloride,  distillation  of  the  acid  with  phosphoric 
anhydride  yielding  unsatisfactory  results;  it  crystallizes  in  small  needles,  melting 
**  57**  (134°'^  ^0*  "*d  ^^  ^^^  partial  decomposition  at  282** — 285**  (539***6 
— 545°  F')  (Markownikoff,  Deut  chem.  Ge*.  Ber.,  x.  1103). 

The  most  characteristic  salt  of  this  acid  is  the  zincic  salt,  which  is  less 
soluble  in  hot  than  in  cold  water,  so  that  if  a  cold  solation  of  the  add  be 
saturated  with  zindo  carbonate  and  then  warmed,  this  salt  is  deposited  as  a 
granular  predpitate,  which  under  the  microscope  is  seen  to  consist  of  rect^ 
angular  plates  with  re-entering  angles  at  the  opposite  smaller  sides  of  the  quad- 
rangle. 

MethyUuccinie  or  pyrotartaric  acid,  CH,.CH(COOH).CH,(COOH),  is  oh* 

tained  by  dry  distillation  of  tartaric  add,  espedally  if  the  latter  oe  mixed  with 

powdered  pumice,  or  by  heating  it  with  concentrated  hydrochloric  acid  at  180* 

(356°  F.)  (Geuther  and  Beimann,  ZeiU,  Chem.,  1869,  318);  by  the  action  of 

heat  on  glyceric  add  (Moldenhauer)  and  acetoformic  acid ;  from  /3-dibromopropane 

or  propylenic  bromide,  CH,.CHBr.CH,Br  (Maxwell-Simpson;  comp.  Lebedeff, 

Awn,  Chem.  Fharm.,  dxxxii.  327) ;  by  the  action  of  nascent  hydrogen  on  citra-, 

ita-  and  mesaconio  acid,  the  three  isomeric  adds  of  the  formula  G,H^(C00H2) ; 

by    heating    allylic    iodide    with    potassic    cyanide,    and    decomposing    the 

resulting  dicyanopropane  by  boiling  with  alkali :   apparently  the  iodine  is  dis« 

placed  by  the  group  ON  and  at  the  same  time  a  molecule  of  hydrocyanic  add 

is  added  on:   CH  — CH.CH.I  +  KCN  +  HON  =  CH,.CH(CN).CH,(CN)  +  KI 

(Glaus,  ibid,,  cxd.  37);  by  Uie  action  of  a  concentrated   alcoholic  solution  of 

potassic  hydrate  on  ethylie  acetomethylsucdnate  (1827;  Eressner,  ibid,,  cxdi. 

135);  and  lastly   by   fusing  gamboge   with  potassic  hydrate  (Hlasiwetz  and 

Barth,  ibid,,  cxzxviii.  68). 

Methylsuccinic  add  crystallizes  in  rhombic  prisms,  melting  at  112^ 
(233^*6  F.).  If  it  be  rapidly  heated  to  its  boiling  point  and  distilled,  it  is 
completely  resolved  into  water  and  methylsuccinic  anhydride,  C^H^O,,  a  oobnr- 
less  liquid  boiling  at  245^;  but  if  it  be  heated  for  some  time  at  about  200* 
(392°  F.),  it  is  only  partially  decomposed  in  this  manner,  a  small  portion  being 
resolved  into  carbonic  anhydride  and  butyric  add  (Glaus,  Dewt.  chem,  Oes, 
£er,,vm,  100).  Methylsuccinic  acid  does  not  furnish  propylene  on  electrolysis 
(Beboul  and  Bourgoin,  Gompt,  Bend.,  Ixxxiv.  1231). 

IHmethylmahnic  acid,  (CH,),G  (COOH),,  prepared  from  dimethylbromaoetic 
(bromisobutyric)  acid,  crystallizes  in  four-sided  prisms,  difficultly  soluble  in 
alcohol,  and  also  less  soluble  in  water  than  the  isomeric  adds.  It  sublimes  at 
about  120*^  (248^  F.)  in  white  needles,  and  melts  at  about  170°  (33^^  ^O* 
being  resolved  into  carbonic  anhydride  and  dimethacetic  acid.  This  acid  is 
remarkably  stable  in  presence  of  oxidizing  agents,  scarcely  bdug  affected  by 
boiliug  with  potassic  dichromate  and  sulphuric  acid  or  by  evaporation  with 
dilute  nitric  add  (Markownikoff,  Anii,  Chem,  Pharm.,  clxxxii.  336). 

Ethylmalonic  acid,  G^H^.GH(GOOH),,  prepared  by  heating  ethylio 
bromobutyrate  with  an  alcoholic  solution  of  potassic  cyanide,  &c..  crystallizes  in 
rhombic  prisms  melting  at  112*  (233^*6  F.);  it  decomposes  into  butyric  add  ^Tp 
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and  carbonic  anhydride  when  heated  at  about  160®  (320°  F.)  (WiaUcenns  and 
Urech,  ibid,,  cxiv.  93 ;  Mavkownikoff,  ibid,,  clxxx.  329 ;  oomp.  GoDFad, 
Deut  chem,  Ges.  Ber.,  xii.  751). 

(1848)  Tetranedicarboxylic  acids:  CgHjQO^=C^Hg(COOH)j. 

— Only  four  of  these  acids  are  satisfactorily  known,  viz. : 

Tetrane-a-dicarboxylic  (adipic)  acid     •     .  CH,(COOH).CH,.CH,.CH,(CXX)H), 

Methylpropanea-dicarboxylic acid .     .     .  CH,.CH(C00H).CH,.CH,(COOH). 

a-DimethyUuccinio  acid CH,.CH(COOH).CH(COOH).CH^ 

Etbyknccinic  acid C,H..CH(CO0H).CH^(COOH). 

Laurent  first  obtained  adipic  acid  by  oxidizing  oleic  acid  with  nitric  acid, 
and  it  was  subsequently  prepared  in  a  similar  manner  from  ranoua  fatty  sab- 
stances,  such  as  tallow,  linseed  oil,  wax  and  spermaceti,  and  from  the  mixtore 
of  6olid  acids  of  the  acetic  series  produced  by  saponifying  30coa-nut  oil ;  other 
liomologous  acids  are  formed  at  the  ^ame  time,  however,  from  which  it  is 
difficult  to  separate.  The  acid  tlius  produced  is  shown  to  be  tetraoe-a- 
dicarboxylic  acid  by  the  formation  of  an  identical  substance  by  the  action  <^ 
finely  divided  silver  (prepared  by  reducing  the  precipitated  chloride  with  pan 
zinc)  on  a-iodopropionic  acid  (Wislicenus,  Ann,  Chem.  Pharm.,  cxlix.  220): 

2  CH,I .  CH, .  COOH  +  2  Ag  -  2  Agl  +  CH,(COOH) .  CH,.CH,.  CH,(COOH> 

According  to  Crum-Brown,  adipic  acid  is  formed  on  reducing  mucic  add, 
C^H^(OH)^(COOH)j,  by  heating  it  with  hydriodic  acid,  and  it  is  also  pro- 
duced by  treating  muconio  and  hydromuconio  acids  with  sodium  amalgaa 
(Lirapricht).  It  crystallizes  in  colourless  glistening  plates  or  prisms,  melting  at 
148°  (298^*4  F.),  easily  soluble  in  alcohol,  ether,  and  hot  water.  Its  ammonie  salt 
crystallizes  with  great  facility  in  large  rhombic  plates :  a  solution  of  this  salt 
furnishes  a  crystalline  precipitate  with  calcic  chloride  on  heating ;  crystalline  preci- 
pitates are  also  gradually  formed  on  mixing  it  with  zincic  and  cadmic  sulphate,  and 
it  yields*  a  brown-red  precipitate  with  ferric  chloride.  According  to  Kachler  {ibid^ 
clxiv.  79;  olxvi.  320),  an  isoroerideof  adipic  acid  is  formed  on  oxidizing  camphorone. 
a-JDimetkylsuccinic  add  is  obtained  by  decomposing  ethylio  acetodimethyl* 
succinate  (1826)  with  potassic  hydrate,  &c.  (Hardtmuth,  ibid.,  cxcii.  142).  It 
•is  a  crystalline  acid  melting  at  166^  (330^-8  F.).  The  same  acid  is  probably 
formed  on  treating  /3-bromopionic  acid,  CH^.CHBr.COOH,  with  finely  dirided 
silver  (Wislicenus,  Deut.  chem,  Q^,  Ber.,  ii.  720);  and  by  similarly  treatizig 
/3,-dichloropropionic  acid  and  reducing  the  resulting  dichloro-acid  of  the  formixU 
C,H,C1,0^  (BeckurtB  and  Otto,  ibid,  x.  1503). 

Methylpropane-a-dicarboxylic  acid,  obtained  by  decomposing  the  ethylic 
salt  formed  from  ethylic  a-iodopropionate  and  ethylic  aoetosodmethaoetate  witk 
potassic  hydrate,  melts  at  76°  (i68°*8  F.). 

Sthylsuccinic  acid  has  been  prepared  by  decomposing  ethylic  /3-acetoethyl- 
succinate  with  potassic  hydrate.  It  crystallizes  in  fine  prisms,  extremely 
soluble  in  water  and  alcohol,  melting  at  98*^  (2o8°'4  F.)  (Hoggenberg,  Ann. 
Chem,  Pkarm,,  cxcii.  146). 

(1849)  Pektanedicabboxtlic  Acids:  C,HjjO^  =  C^H^^(COOH),. — ^Tanons 
chemists  have  stated  that  an  acid  of  the  formula  G^H^^O^,  which  has  been  termed 
pimelio  acid,  is  produced  on  oxidizing  a  number  of  fatty  substances,  but  tiie 
descriptions  given  of  the  products  are  very  discrepant,  and  the  formation  of  such 
an  acid  is  at  present  doubtful  (comp.  Kachler,  ibid.,  clxix.  168).  Hlasiwets 
and  Grawbowski  have  found,  however,  that  an  acid  of  this  formula  is  obtained 
on  fusing  camphoric  acid  (1687)  with  potassic  hydrate,  and  their  observa- 
tions have  been  confirmed  and  extended  by  Kachler  {loc,  cit.).  An  apparently 
identical  acid  is  obtained  by  acting  on  amylemc  l>r<>P|ijl[e  (gth  a  mixture  q( 
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potassio  cyanide  and  hydrate  (Baaer  and  Schuler,  Deut.  chem,  Ges,  Ber.,  x. 
2031).  The  acid  from  camphoric  acid  usually  crystallizes  in  perfectly  trans- 
poi-ent  hard  crystalline  crusts,  but  may  be  obtained  in  isolated  tridinic  priums ; 
it  melts  at  114^  (237^*2  F.),  and  is  converted  into  water  and  the  corresponding 
anhydride  on  distillation.  On  adding  calcic  chloride  to  an  ammoniacal  solution 
of  the  acid  and  heating,  the  calcic  salt  is  precipitated  as  a  sandy  crystalline 
powder;  this  behaviour  is  highly  characteristic.  From  the  manner  in  which  it 
is  decomposed  on  distillation,  it  would  appear  probable  that  the  carboxyl  groups 
in  this  acid  are  associated  with  contiguous  carbon  atoms. 

An  isomeric  acid,  which  probably  is  the  normal  or  pentane-a-dicar  boxy  lie 
acid,  CH,(COOH).(CH,),.CH,(COOH),  is  obtained  by  oxidizing  suberone 
(1850)  with  nitric  acid  (Dale  and  Schorlemmer,  «7b«r.  Chem.  Soc,  xxvii.  935)1 
and  by  heating  furonic  acid,  C^H^O^,  with  hydriodic  acid  (fiaeyer,  Deut.  chem, 
Oes,  Ber,,  z.  1358).  It  crystallizes  in  large  transparent  rectangular  mono- 
clinic  plates,  melting  at  103^  (217^*4);  its  most  characteristic  salt  is  also  the 
calcic  salt,  which  separates  on  boiling  its  concentrated  solution  as  a  granular 
flocculent  precipitate,  which  redissolves  on  standing  if  the  solution  has  not 
become  too  concentrated. 

Diethylmalonic  add,  (0,  H,)jC(COOH)j,  according  to  Conrad  {ibid,,  xii. 
749),  melts  at  102°  (233°'6  F.). 

(1850)  HEXi.NEDiCAJaBOXTLic  AciDS :  CgH^^O^  =  CgHjj(COOH)j. — Only 
two  of  these  acids  are  known  with  certainty, — viz.,  ituberic  acid,  which  is  probably 
the  normal  or  hexane-a-dicurboxylio  acid,  and  tetramethylsuccinic  acid. 

Suberic  acid  was  first  prepared  by  oxidizing  cork  (suber)  by  prolonged 
boiling  with  nitric  acid,  and  was  subsequently  obtained  as  a  product  of  the 
oxidation  ot  a  number  of  fatty  substances  and  oils ;  it  is  best  prepared  from 
castor  oil  (comp.  Arppe,  Ann,  Chem,  Pharm.,  cxxiv.  86).  Suberic  acid 
crystallizes  in  long  needles  or  six-sided  plates,  sparing  soulble  in  cold  water  and 
ether,  but  easily  in  boiling  water;  it  melts  at  140°  (284°*  F.),  and  sublimes 
between  150°  and  160°  (302® — 320°  F.),  with  partial  decomposition,  in  slender 
needles.  It  yields  a  small  quantity  of  hexane  on  distillation  with  excess  of 
baric  hydrate  (Dale,  J<mr.  CItem,  Soc,  xvii.  258)  ;  and  on  distillation  with 
calcic  hydrate  it  is  converted  into  suberone,  the  corresponding  ketone  (Dale  and 
Schorlemmer,»ft«rf.,  xxvii.  935  ;  ibid,,  Trans,  1879,  683): 

CH^CH,.CH,.COO,  CH,.CH,.CH^ 

I  *       •         \Ba   =    BaCO.   +    I    *       *       ^0, 

CH,.CH,.CH,.COO^  CH,.CH^.CH/ 

TetramethyUuccinic  acid,  C(CH,),(COOH).C(CH,),(COOH),,  is  obtained 
as  ethylic  salt  on  heating  ethytic  dimethyibromacetate  (bromisobutyrate)^ 
CBi(CH,),.COOC,H.,  with  finely  divided  silver.  The  acid  itself  crystallizes  in 
small  aggregates  of  quadratic  plates,  melting  at  95^  (203^  F.)  ;  it  is  extremely 
soluble  in  alcohol,  ether,  and  hot  water.  DiethyLsuccinic  acid  has  been  prepared 
in  a  similar  manner  from  ethylic  bromobutyrate,  but  not  yet  described  (Hell  and 
Wittekind,  Deut,  chem,  Oes,  Ber,  vii.  319). 

(1851)  AzELAic  AciD;  lepargylic  or  anchoic  add,  C^K^fi^^ 
C,H^^(COOH),,  is  formed  with  other  acids  of  the  series  on  oxidation  of 
many  fatty  substances  and  cork,  and  is  the  chief  solid  acid  produced  on  boiling 
castor  oil  with  nitric  acid  (Arppe ;  compi  Grote,  Ann,  Chem,  JPharm.,  cxxx.,  207) ; 
it  is  also  formed  on  oxidation  of  stearolic  acid  (comp.  Limpach.  ibid.,  cxc.  294). 
It  crystallizes  in  large  lustrous  plates  or  flattened  needles,  very  sparingly 
soluble  in  cold  water,  but  without  diificulty  in  hot  water,  alcohol,  and  ether :  it 
melts  at  106"  (222^*8  F.).  When  distilled  with  baric  hydrate,  it  yields  normal 
heptane  (Dale  and  Schorlemmer,  Jour,  Chem,  Soc  Trans,,  1879,  683).  By 
heating  butyrofuronic  acid  with  hydriodic  acid,  an  acid  which  appears  to  b^  the 
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normal  pimellc  acid  is  produced;  it  melts  at  iiS""  (2448*4  F.)  (Toenmea,  DeuL 
ekem,  Qes,  Ber,,  xii.  1200). 

(185a)  SsBACicor  Sbbic  Acid;  Jpo«<^a«<i,C,,H„0^  =  C,H„(COOH)^ 
is  formed  in  small  quantity  by  the  dry  distillation  of  many  fatty  bodies,  or  by 
their  oxidation  with  nitric  acid,  but  is  best  prepared  by  heating  the  «oap  formed 
by  treating  castor  oil  with  an  excess  of  sodic  hydrate  (comp.  Neison,  Jour, 
Chem.  80c,,  xxvii.  301 ;  Witt,  Dent  chem.  Oes,  Ber.,  vii.  219).  It  crystal- 
lisses  in  long  feathery  needles  or  thin  brilliant  laminse,  soluble  in  1 500  parts 
of  water  at  10°  (50°  F.)»  or  in  50  parts  boiling  water,  and  easily  soluble  in 
alcohol  and  ether;  it  melU  at  127"  (260''  F.).  When  distilled  with  baric 
hydrate,  it  yields  octane,  and,  among  other  products,  cetylio  alcohol,  C^,H^.OH, 
which  itself  famishes  sebacic  acid  on  oxidation  (Sohorlemmer,  UncL^  iii.  6x6). 
The  sebates  have  been  carefully  examined  by  Keison  {loc.  eit), 

(1853)  Bbabsyltc  Acid,  C„H^0^  =  C,H^,(C00H),,  is  said  to  be 
formed  on  oxidation  of  behenolic  acid  with  nitric  acid ;  it  crystaUizes  in  scales 
melting  at  109^  (228°'2  F.),  and  only  slightly  soluble  even  in  boiling  water. 

(1854)  RocBLLic  Acid,  Cj^H^O,  ==  C„H JCOOH),.  an  acid  contained 
in  the  lichens  Bocella  tinetoria  and  Lecanora  tartarea,  crystallixes  in  oolourleas 
prisms  melting  at  133^  (269^*6  F.) ;  it  is  said  to  yield  an  anh^ride  on 
distillation. 

(1855)  Haloid  Derivatives  op  the  Acids  op  the  Succinic 
Series. — Very  few  haloid  derivatives  have  been  prepared  by  the 
direct  action  of  halogens  on  the  acids  of  the  succinic  series; 
most  of  those  which  are  known  have  been  obtained  by  combining 
acids  of  the  CnHj„— j(C00H)j8eries  with  haloid  acids  and  halogens. 

Mdlonic  Acid  Derivatives, — On  treating  an  aqueous  solution  of  malooic 
acid  with  bromine,  chiefly  bromo-derivatives  of  acetic  acid  are  produced,  but  if 
the  reacting  substances  are  dissolved  in  chloroform,  dibromomalonic  acid, 
CBr,(CO()H),,  is  obtained;  it  crystallizes  in  needles  melting  at  127°  (26o**-6  F.) 
(PetrieflP,  Deut,  chem.  Oea,  Ber,,  vii.  400 ;  viii.  730 ;  xi.  414). 

Succinic  Acid  Derivatives, — A  monobromo-  and  two  isomeric  dibromo- 
derivatives  of  this  acid  are  formed  on  heating  it  with  bromine  and  water; 
the  monobromo-acid  being  chiefly  produced  when  a  considerable  amount  of 
the  latter  is  present  (Eekul^,  Carius).  Monobramosuccinic  acid  is  more 
eaKily  prepared,  however,  by  heating  fumaric  acid  with  a  solution  of  hydrobromic 
acid  saturated  at  o^  (32°  F.);  it  crystallizes  in  bard  glistening  octahedra,  melting 
at  159°  (3 1 8°' 2  F.),  easily  soluble  in  water;  it  is  reconverted  into  fumaric 
acid  by  boiling  with  a  moderately  coDcentrated  solution  of  hydrobromic  acid 
(Fittig  and  Dom,  Ann.  Chem.  Pharm.,  clxxxviii.  87). 

Dihromosuccinic  acid  may  also  be  obtained  by  combining  fumaric  acid  with 
bromine,  or  bromomaleic  acid  with  hydrobromic  acid,  and  by  heating  sncdnic 
chloride  with  bromine  and  deoompoRing  the  product  with  water  (Perkin  and 
Duppa) ;  it  crystallizes  in  colourless  prisms,  only  sparingly  soluble  in  cold, 
but  easily  in  hot  water ;  it  decomposes  without  fusing  when  heated  above  200° 
(392°  F.) ;  when  boiled  with  water,  it  is  completely  resolved  into  hydrobroinie 
acid  and  bromomaleic  acid,  C,HBr(COOH)^  (Fittig  and  Petri,  ibid:,  cxcv,  56). 
Isodibromosuccinic  acid  is  produced  on  combining  maleic  acid  with  bromine  or 
bromofumario  acid  with  hydrobromic  acid ;  it  forms  large  transparent  crystals, 
melting  at  160®  (320**  F.),  much  more  soluble  in  water  than  its  iaomertde; 
when  heated  with  water,  it  yields  bromofumario  acid.  Both  bromomaleic  and 
bromofumario  acids  combine  with  bromine  forming  the  same  tribronufsuceimie 
add;  this  crystallizes  in   bundles   of  small  short   prisms,  melting  at    137" 
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(I'jS^'G  F.),  extremelj  Boloble  in  water;  when  boiled  with  water,  it  is  resolved 
into  bydrobromic  acid,  carbonic  anhydride  and  dibromaorylic  acid  (Fittig  and 
Petri,  loc.  eit,) :  C,HBr,(COOH),  =  CO,  +  HBr  +  C,HBr,.COOH. 

Isoiuccinie  Acid  I)eHv<Uwes,'-^M<mobromi90suocimc  acid  is  very  readily 
obtained  on  heating  isosuooinic  acid  with  water  at  100^  (212°  F.);  it  crystallizes 
in  well-formed  extremely  deliquescent  prisms  (Byk,  Schmoegery  Jour,  pr,  Ckern^ 
[2],  xiv.  80). 

MethyUuccinic  Acid  DerivoHves.^A.  number  of  thesu  have  been  obtained  by 
the  addition  of  haloid  acids  and  halogens  to  the  three  isomeric  acids  of  the  formula 
G,H^(COOH)„  citra-,  ita-  and  mesaconio  acid ;  when  submitted  directly  to  the 
action  of  bromine,  methylsuccinic  or  pyrotartaric  acid  chieHy  famishes  bodies 
resulting  from  the  decomposition  of  its  bromo-derivatives  (comp.  Bourgoin,  Ann. 
Ckim.  Fhys.  [5],  xiL  419).  Metachlaropyrotartarie  acid,  C,Hp(COOH)^ 
is  formed  both  from  citraoonic  and  mesaconio  acid;  it  crystidlizes  in  small 
■bining  plates,  melting  at  129^  (264^  F.);  when  heated  with  water  it 
yields  mesaconio  acid.  ItachUynypyrotartaric  acid,  obtained  by  combining 
itaconic  acid  with  hydrochloric  acid,  melts  at  140°— 145°  (284^—293°  F.), 
and  is  converted  into  itamalic  acid  {q.  v.),  C,H,(OH)(COOH),,  when  boiled  with 
water.  The  corresponding  bromo-acids  crystallize  weQ,  and  melt  respectively  at 
148**  (298°-4  F.)  and  137°  (278*'-6  F.)  (comp.  Fittig  and  Landolt,  Ann.  Chem. 
Pharm.,  clzxxviii.  71).  Citraconic  and  mesaconio  acids  combine  with  bromine 
forming  isomeric  dibromopyrotartaric  acids  which  crystallize  well ;  the  citra* 
add  melU  at  150°  (302°  F.),  tbe  mesa-acid  at  170°  (338**  F.),  and  the  former 
is  twice  as  soluble  as  the  latter  in  water ;  both  are  decomposed  by  boiling  with 
water,  yielding  bromomethacrylie  acid,  carbonic  anhydride  and  water  (comp.  Fittig 
and  Landolt).  A  third  isomeride  is  obtained  from  itaconic  acid,  and  is  distin* 
guished  by  its  conversion  into  itatartaric  acid  (;.  v.),  Cfifi^,  by  the  action  of  bases. 

Adipic  Acid  Derivatives, — Mono-  and  dibromadipio  acids  have  been  obtained 
by  beating  adipic  acid  with  bromine,  but  not  prepared  in  the  pure  state  (Gal  and 
Gay-Lussac).  By  adding  bromine  to  a  solution  of  hydromuconic  acid  in  acetic 
acid,  a  dibromadipio  acid,  C^H,Br,0^,  is  formed,  which  crystallizes  in  nodular 
groups  of  needles,  melting  at  alK>ut  180^  (356*' F.)  with  decomposition;  and  by 
heating  hydromuconic  acid  with  water  and  bromine,  tri-  and  tetrabromadipio 
acids  have  been  produced  (Limpricht,  ibid,,  dxv.  264). 

§  IV.  Amido-  and  Hydbozy-Acids  db&ived  from  the 
Acids  of  the  Succinic  Series. 

So-called  amidomalonic  acid^  asparagine,  and  asparaginic 
and  glutaminic  acids  are  the  only  compounds  at  present  known 
which  may  be  regarded  as  amido-derivatiyes  of  acids  of  the 
succinic  series;  it  will  be  noticed  that  in  many  respects  they 
closely  resemble  the  glycines  derived  from  the  acids  of  the 
acetic  series,  and  they  may^  in  fact,  be  regarded  as  their 
carboxylated  derivatives. 

(1856)  Amidomalonic  or  Glyeinecarhoxiflic  Acid,  C,H,NO^,  is  obtained  by 
the  action  of  nascent  hydrogen  or  uitrosomalonic  acid,  a  crystalline  acid  obtained 
by  the  action  of  hydrating  agents  on  nitrosobarbiturio  (violuric)  acid  (Baeyer, 
Ann,  Chem.  PAarm.,  cxxxL  291): 

CH(NO).COOH  CH(NH.).COOH 

I  +    4H   »      I      I  +  OH^ 

COOH  CO.O 
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It  crystallizea  from  an  aqtteoas  aolation,  concentrated  by  evaporation  tJi 
t>aeuo,  in  irregular  glistening  prisms ;  it  decomposes  when  heated  either  alone 
or  in  aqueoas  solution,  yielding  glycine  and  carbonic  anhydride. 

(1858)  AsFABAGiNS  $  p^alafUne-orCarbonamide :  C^H,N,0,. —  This 
snbstanoe  was  originally  dis(K)vered  in  the  juice  eiipressed  from  ai^paragns 
shoots,  but  has  since  been  shown  to  exist  ready-formed  in  a  large  number  of 
plants  (oomp.  Husemann,  Die  PJlanzenstoffe).  It  is  especially  abundant  in 
the  young  shoots  developed  on  germination  of  leguminous  seeds,  being 
doubtless  a  product  of  the  decomposition  of  the  albuminoid  bodies  so  largely 
stored  up  in  seeds  of  this  order;  thus,  according  to  Schulze  and  Umlaoft 
(LandwirUcA.  Versucks  Staiionen,  xviii.  i),  no  le<»  than  about  one-fifth 
of  the  dry  weight  of  young  seedlings  of  Xv;>»»tM  luteus,  10  to  12  centimetres 
in  height,  grown  in  distilled  water  in  the  dark,  consists  of  asparagine.  It  has 
been  stated  that  the  amount  produced  on  germination  varies  according  aa  the 
plant  is  grown  in  the  dark  or  exposed  to  light,  but  this  does  not  appear  to  be  the 
case  (comp.  Sachse,  Die  Ckemie  der  Farhstoffe,  Kohlehydrate  and  Prot^nr 
substanzen).  Asparagine  may  be  directly  separated  by  crystallization  from  the 
juice  expressed  from  asparagus  shoots,  young  vetch  plants,  &c.,  its  preparation 
being  much  facilitated  by  submitting  the  juice  to  diffusion  previous  to  ooncentra- 
tioD.  It  forms  colourless,  hard,  brittle,  four-sided  rhombic  prisms  of  the  formula 
C^H^NjO,  +  OH,,  soluble  in  about  1 1  pts.  of  cold  water,  and  45  pta.  of  boiling 
water,  but  almost  insoluble  in  alcohol.  Asparagine  exhibits  all  the  propertiei 
of  the  glycines  (1771^  combining  with  acids  to  form  salts  such  as  the 
hydrochloride  €^H^K,0,CI,  and  with  metallic  salts  like  argentic  nitrate;  it 
also  furnishes  metallic  derivatives  with  the  less  positive  metals,  and  prevents  the 
precipitation  of  cupric  hydrate  from  cupric  salts  by  alkalies  (comp.  Hofmeister, 
Ann.  Chem,  Pkarm.,  clxxxix.  6).  The  solution  of  asparagine  in  water  or 
alkalies  exercises  lasvorotatory  action  on  polarized  light,  but  its  compoands  with 
mineral  acids  are  powerfully  dextrorotatory  (comp.  Pasteur,  Ann.Ckem.  Pkyt.  [3], 
xxxi.  67) ;  neither  its  absolute  specific  rotatory  power  nor  its  apparent  specific 
rotatory  power  in  solutions  of  different  strengths  has  been  determined,  however. 
The  addition  of  acetic  acid  destroys  the  rotatory  power  of  asparagine  (Champion 
and  Pedet,  Compt.  Bend.,  Ixxxii.  819). 

(1858)  AsFARAQiNic  or  Abpabtic  Acid  :  p-alanine-a'carbaxylie 
add :  C^HyNO^. — This  acid  is  formed  on  boiling  asparagine  with  acids  or 
alkalies,  and  also  by  the  action  of  hydrating  agents  on  albuminoid  substances 
both  of  animal  and  vegetable  origin ;  it  is  contained  in  somewhat  considerable 
quantity  in  beet-sugar  molasses.  It  crystallizes  in  small  rhombic  prisms 
considerably  less  soluble  than  asparagine  in  water ;  it  is  converted  into  malic 
or  hydroxysuocinio  acid  by  nitrous  ucid,  and  into  succinic  acid  by  fermentation. 
Asparaginic  acid  combines  with  mineral  acids  in  the  same  molecular  proportions 
as  asparagine;  but  it  funiishes  two  series  of  metallic  derivatives  of  the  forma 
C^H^NO^M'  and  C^H^NO^M',.  Its  most  characteristic  metallic  derivative  is  the 
copper  slut  2C^H^CuN0^  +  pOH,,  which  may  be  advantageously  used  in 
preparing  the  pure  acid :  for  this  purpose  a  warm  aqueous  solution  of  the 
impure  acid  is  mixed  with  cupric  acetate  and  allowed  to  cool ;  it  crystallizes  in 
pale-blue  aggregates  of  very  fine  needles,  difficultly  soluble  in  hot  water,  hut 
moderately  soluble  in  boiling  dilute  acetic  acid.  This  salt  may  be  dissolved  in 
alkali  without  the  precipitation  of  cupric  hydrate  (Hofmeister,  loc.  cit.). 
Asparaginic  acid  reduces  Pehling's  solution.  The  metallic  derivatives  of 
asparaginic  acid  are  IsBvorotatory,  but  its  compounds  with  acids  are  dextroro- 
tatory (Pasteur);  exact  observations  of  their  absolute  specific  rotatory  power  and 
of  their  apparent  specific  rotatory  power  in  solutions  of  different  strengths  are 
wantmg. 
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An  optically  inactive  modification  of  asparaginic  acid  is  obtained  on  heating  the 
acid  ammonio8altoffumaric,maleic  or  malic  acid  at  180'' — 200^(356 — 392°F.)> 
and  boiling  tlie  residue  with  hydrochloric  acid.  It  closely  resembles  the  active 
acid,  but  is  somewhat  more  soluble  in  water  (Dessaignes,  Pasteur). 

The  relation  of  asparagine  and  asparaginic  acid  to  each  other  and  to  succinic 
acid  is  most  probably  expressed  by  the  following  formulse : 

CH,.COOH  CH,.C0(NHJ  CH, 

I  I  I 

CH,.COOH  CH.NH.  CH.NH.  CH.NH, 

I  II  II  II 

CH^.C(X)H  CO.O  CO.O  CO.  9 

Saociuic  Kcid.  Aspan^iaio  add.        Asparagine.  /^Alaaine. 

(1859)  Glutaminic  Acid;  Tetraneglyeinecarhoxylic  Acid:  C^H^NO^.— 
This  acid  was  first  obtained  by  Hitthausen  (Jour.pr,  Chem,,  zciz.  454;  cvii.  218) 
by  boiling  gluten  with  dilute  sulphuric  acid,  but  it  appears  to  be  a  product  of 
the  action  of  hydrating  agents  on  albuminoid  substances  generally,  both  animal 
and  vegetable,  although  the  amount  obtained  from  diiferent  albuminoids  varies 
greatly  (oomp.  Bitthausen  and  Kreusler,  ibid,  [2],  iii.  314).  It  has  also  been 
separated  from  mangold- wurzel  juice  and  the  juice  of  young  pumpkins  which  had 
been  boiled  with  hydrochloric  acid  (Schulze  and  Barbieri,  Jour,  Chem.  80c., 
1^77*  \^'  324;  Schulze  and  Urich,  ibid,,  1878,  i.  84);  the  original  juice 
doubtless  contains  glntamine,  the  unknown  amide  corresponding  to  asparagine^ 
which  will  probably  in  many  cases  be  found  to  accompany  asparagine. 

Glutaminic  acid  crystallizes  in  laminse  and  rhombic  tetrahedra  soluble  in 
100  pts.  of  water  at  16°  (6o°'8  F.);  according  to  Bitthausen,  it  melts  at  about 
140°  (275° — 284°  F.)  with  partial  decomposition,  but  according  to  Hofmeister  at 
185°  (365°  F.).  When  slowly  crystallized,' its  cupric  salt  forms  well-defined  deep- 
blue  prisms  of  the  composition  2C,Hy0uN0^  +  jOHg,  soluble  in  boiling  water ; 
but  on  stirring  a  very  concentrated  hot  solution  with  a  glass  rod,  it  is  deposited 
in  minute  pale-blue  prisms  of  the  composition  C^HyCuNO^  +  2OH,,  insoluble 
in  boiling  water.  On  adding  cupric  sulphate  to  an  alkaline  solution  of 
glutaminic  acid,a  precipitate  forms  as  soon  as  the  proportion  2C^H^N0^ :  OuSO^is 
exceeded,  whereas  aspai'agine  and  asparaginic  acid  do  not  furnish  a  precipitate 
until  double  this  proportion  of  cupric  salt  is  added  (Hofmeister).  Glutaminic 
acid  even  in  very  dilute  solution  reduces  Fehling's  solution  as  easily  as  glucoi>e, 
but  the  presence  of  leucine  may  interfere  with  the  reaction  although  a  large 
amount  of  this  body  has  no  influence  on  the  reduction  of  the  solution  by  glucose ; 
(Hlasiwetz  and  Habermann,  Ann,  Chem,  Pharm,,  clxix.  157)  ;  this 
is  denied  by  Hofmeister,  ibid.,  clxxxix.  14.  Glutaminic  acid  forms  highly 
characteristic  well-crystallized  compounds  with  hydrochloric  and  hydrobromic 
acid  (Hlasiwetz  and  Habermann).  It  is  doubtless  optically  active,  as  a  solution 
in  nitric  acid  is  powerfully  dextrorotatory,  the  value  Jeduced  for  the  apparent 
specific  rotatory  power  being  +  34^7 >  but  it  has  not  been  stated  whether  this  is  for 
mean  yellow  light  or  light  of  the  refrangibility  of  the  d  line,  nor  what  par- 
ticular strength  of  solution  gives  this  value. 

Hydroxy-acids  derived  from  Acids  of  the  Succinic  Series 
(i860).  The  following  are  known  : 

Hydroxymalonic  (tartronic)  acid    ...     .  CH(OH)(COOH), 

Dihydroxymalonic  (mesoxalic)  acid     .     .     .  C(OH).^(COOH), 

Hydroxysuccinic  (malic)  acid C,H,(6h)(C00H), 

Hydroxyisosuccinic  acid CH,.C(OH)(COOH), 

Dihydroxysuccinic  (tartaric)  acid  ...     .  C,H,(OH),(COOH), 
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Hydroxypropane-a-dicarboxylic  acid     .     .     .     C,H^(0H)(C0OH), 
Methylhydroxysuccimo  add CH,.C(0H)(C00H).CH^C0OH 

SSirL  :  : :  :::::}  wohkcooh). 
S:^Z^,\ ;  :  :::::}  wohwcooh). 

Apowrbio  acid C,H,(OH),(COOH), 

Dimetbyltartario  acid [CH,.C(OU).{COOH)], 

Hydroxyadipic  acid C,H,(OH).(COOH), 

Dihydroxyadipic  acid C^H.(OH),(COOH), 

Trihydi-oxyadipicacid C,H.(OH),(C(X)H), 

SritT'. :  -.  : ; :  :  :  : }  wohxccooh). 

Diaterebic  acid C.H,(OH)(C(X)H), 

Diaterpenylic  acid C,H„(OH)  (COOH), 

(i86i)HYDBOXYMALONicorTAaTBONic  Acid:  C,H,0,  =  CH(OH)(OOOH),. 
— ^TbeoreticalJy  tbis  acid  should  be  formed  by  oxidation  of  glycerol,  and 
probably  it  quay  be  so  produced  (comp.  Sadtler,  Deut,  chem,  Ges.  Ber.,  riii. 
145^)*  ^^^  ^^  conditions  to  be  observed  have  not  yet  been  established.  It  n 
one  of  the  products  of  the  action  of  Fehling's  copper  solution  on  glncose  (dans); 
and  is  also  formed  by  digesting  bromomalonic  acid  CP^trieff)  with  ai^gentie 
hydrate;  by  the  action  of  nascent  hydrogen  on  mesoxalio  acid;  and  by  the 
decomposition  of  dinitroxysuccinic  acid  (p.  945),  C,H,(NO,),(COOH)^  It, 
was  first  obtained  by  Dessaignes  in  1852  by  the  last-mentioned  meihod ;  aoootd- 
ing  to  Demole  (^hid,,  x.  1788),  it  is  best  prepared  by  gradually  adding  the 
nitroxy-acid  to  alcohol  of  sp.  gr.  925  in  the  proportion  of  20  grams  of 
the  former  to  60  c.c.  of  the  latter,  the  alcohol  being  heated  in  a  porcelain  dish  00 
tlie  water  bath:  in  this  manner, the  destruction  of  the  tartronic  add  by  tiia 
nitric  acid  which  takes  place  when  an  aqueous  solution  is  heated  is  avoided. 
The  conversion  is  complete  within  about  fifteen  minutes,  when  the  evolutioa 
of  gas  almost  ceases  and  crystallization  commences. 

Tartronic  acid  crystallizes  in  large  colourless  prisms,  melting  at  151^ 
{Z^Z^'^1 1?^)  (Demole),  easily  soluble  in  water;  when  heated  at  a  higher  tempera- 
ture, it  is  resohed  into  water,  carbonic  anhydride,  and  glycolide  (1793).  It 
^  furnishes  a  well-crystallized  acid  ammonic  salt,  and  crystciUine  precipitates  are 
obtained  on  adding  baric  or  calcic  chloride,  or  argentic  nitrate,  ^»  to  a 
neutralized  solution  of  the  add. 

(1862)  DiHTDBoxTMALONic  or  Mesoxalic  Acid:  C(0H),(C00H),  = 
^s^4^« — "^^iB  ^^^  niAy  be  obtained  by  heating  alloxan  and  alloxanic  add 
wicli  alkalies,  &e.,  and  by  oxidation  of  amidomalonic  flusid  (1856) ;  aooord- 
ing  to  Petrieff,  it  is  formed  on  heating  dibromomalonic  acid  with  baric  hydrate 
solution.  It  crystallizes^  very  deliquescent  pnsms,  melting  at  115^  (239®  F.) 
easily  soluble  in  anhydrous  alcohol ;  its  aqueous  solution  decomposes  at  70^ — 80® 
(158° — 176**  ^0  *^d  mxi&i  be  concentrated  at  a  temperature  not  exceeding  50® 
(122^  F.)  when  it  is  desired  to  separate  the  crystallized  add.  Most  of  its  salts  are 
easily  soluble  and  crystalline,  the  baric,  plumbic  and  argentic  salts  alone  being 
difficultly  soluble;  their  composition  ailer  drymg  at  100°  (212^  F.)  is  repreaentinl 
by  the  formuU  C^U^O^M',,  and  they  cannot  be  deprived  of  the  elements  of  water 
without  undergoing  complete  decomposition  (Deichsel,  Jahresb,,  1864,  640). 
By  adding  ammonia  to  an  alcoholic  solution  of  the  acid,  a  crystalline  oomponnd 
of  the  formula  C,0,N,H,  is  obtained,  which  reddens  on  exposure  to  the  air. 
This  has  been  generally  regarded  as  an  ammonic  salt  of  the  formula 
€0(COONH  J^  and  the  existence  of  such  a  compound  has  been  held  to  be  a 
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proof  that  meBoxalio  acid  itself  has  the  formula  CO(COOH),;  it  is  not 
improbable,  however,  that  it  is  a  glycine  derivative  of  the  formula 

(HO)C(H,N).COONH, 

CO.O 

According  to  Petrieff  {Deut,  chem.  Ge».  JSer.,  xi.  414),  the  true  ammonio  salt 
is  obtained  on  neutralizing  a  solution  of  the  acid  with  ammonio  carbonate  and 
evaporating  in  vacuo ;  it  does  not  alter  in  the  air.  On  treatment  with  acetic 
chloride,  ethylic  mesoxalate  yields  diacetyl  derivative  which  is  decomposed 
by  a  dilute  alcoholic  solution  of  potassic  hydrate,  yielding  the  potassic  salt  of 
diacetoxymalonic  acid;  this  acid  melts  at  130°  (266'' F.),  and  its  ethylic 
salt  at  145°  (293°  ^.)  (Petrieff). 

(1863)  Hydroxystjccinic  or  Malic  Acid:  C^H^OgSs 
COOH.CH2.CH(OH).COOH.— This  acid,  which  was  discovered  by 
Scheele  in  1785,  is  of  very  common  occurrence  in  plants,  both  in 
the  free  state  and  in  the  form  of  salts,  and  particularly  in  unripe 
fruits,  such  as  the  apple,  quince,  and  gooseberry ;  it  is  especially 
abundant  in  mountaiu-ash  berries  at  the  time  when  they  begin  to 
ripen,  and  in  the  stalks  of  the  garden  rhubarb.  Tobacco  leaves 
are  rich  in  acid  calcic  malate. 

To  prepare  the  pure  acid  from  the  juice  of  plants  in  which  it  is  present  in 
considerable  amount,  the  following  method  devised  by  Liebig  may  be  advan- 
tageously employed.  The  expressed  juice  afler  being  boiled  and  filtered  is 
nearly  neutralized  with  calcic  hydrate,  i;h6  precipitate  of  calcic  phosphate,  tartrate, 
Ac.,  which  forms  is  removed  by  filtration,  and  the  clear  liquid  boiled  for  several 
hours  in  a  copper  pan ;  normal  calcic  malate  is  then  deposited  as  a  but  slightly 
coloured  sandy  powder,  which  should  be  removed  as  it  separates,  the  boiling 
being  discontinued  when  it  no  longer  forms.  If  the  juice  is  neutralized,  much 
of  the  colouring  matter  is  carried  down  and  a  highly  impure  salt  is  obtained. 

The  crude  calcic  malate  thus  produced  is  added  to  a  hot  solution  of  i  pt. 
nitric  acid  to  10  pts.  water  as  long  a«  it  dissolves,  and  is  thus  converted  into  the 
acid  salt  which  crystallizes  from  the  solution  on  cooling  in  large  transparent 
crystals,  difficultly  soluble  in  cold  water.  This  salt  is  dissolved  in  hot  water, 
precipitated  with  plumbic  acetate,  the  precipitate  well  washed,  suspended  in 
water  and  decomposed  by  hydric  sulphide. 

Malic  acid  drystallizes  from  a  highly  concentrated  solution  in 
aggregates  of  efelourless  prisms ;  it  deliquesces  in  moist  air,  and 
is  also  easily  soluble  in  alcohol.  It  melts  a^bout  100^  (212^  F.), 
and  may  be  heated  at  120^  (248°  P.)  without  losff  of  weight;  at 
140®  (284°  F.)  it  slowly  loses  the  elements  of  a  molecule  of  water 
and  is  converted  i&to  a  mixture  of  maleic  and  fumaric  acids, 
C^H^O^;  this  change  is  more  completely  effected  at  150® 
(302^^  F.),  and  if  the  acid  be  heated  at  about  180°  (356®  F.), 
maleic  acid  and  anhydride  distil  over,  a  residue  of  fumaric  acid 
remaining  in  the  retort.  No  gas  is  evolved,  and  no  carbonization 
takes  place  under  these  circumstances,  but  if  it  be  rapidly  heated 
to  above  200^  (39^^  F*)  carbonic  oxide  and  anhydride  are  evolved 
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and  much  of  the  acid  is  carbonized.  When  very  carefully 
oxidized  by  means  of  potassic  dichromate^  malic  acid  is  converted 
into  malonic  acid  (Dessaignes) ;  when  fused  with  potassic  hydrate, 
it  yields  a  mixture  of  acetate  and  oxalate ;  when  boiled  with  dilute 
sulphuric  acid  (b.p.  135°  C),  it  is  resolved  into  ethaldebyde, 
carbonic  oxide  and  carbonic  anhydride  (Weith,  Deut.  chem.  Ges. 
Ber.,  X.  1744).  It  is  converted  into  succinic  acid  by  heating  with 
a  solution  of  hydriodic  acid^  and  also  undergoes  reduction  to  this 
acid  on  fermentation  (comp.  p.  926^  8) ;  it  forms  bromosuccinic  acid 
when  digested  at  100°  (212°  F.)  with  an  equal  volume  of  a  cold 
saturated  solution  of  hydrobromic  acid^  but  if  boiled  with  a  larger 
quantity  of  the  acid  it  yields  f umaric  acid,  which  is  also  formed 
on  boiling  it  with  hydrochloric  acid.  On  distillation  with  phos- 
phoric pentachloride,  it  yields  fumaric  chloride,  C2H2(C0C1)3. 

Malates, — The  most  cliaracteristic  malates  are  the  acid  ammooic  salty  the 
acid  and  normal  calcic  salts  and  plumbic  malate.  The  acid  ammonic  salt, 
C^H^(NHJO^,  crystallizes  in  large  rhombic  prisms  soluble  in  about  3  pta.  oold 
water.  A  solution  of  malic  acid  does  not  yield  a  precipitate  with  lime  waft» 
either  in  the  cold  or  on  heating,  but  calcic  malate  is  thrown  down  on  the  additiofi 
of  alcohol ;  if  the  solution  be  concentrated  in  vacuo  large  lustrous  laminae  of  a 
hydrated  salt,  C^H^CaO,  4-  2OH,,  readily  soluble  in  water,  are  obtained,  and  <m 
boiling  down  the  solution  of  this  salt,  the  anhydrous  malate  is  deposited  as  a 
crystalline  almost  insoluble  precipitate.  Acid  calcic  malate,  (C^H^O,),Ca  +  80H^ 
crystallizes  in  glistening  transparent  rhombic  prisms,  soluble  in  about  50  pts. 
cold  water.  Plumbic  acetate  added  to  a  solution  of  the  acid  produces  a 
white  curdy  pi'ecipitate  which  after  a  time  becomes  crystalline;  it  is  characteristic 
of  this  salt  that  when  heated  under  water  it  melts,  but  it  only  exhibits  this 
property  when  unmixed  with  other  salts.  Viethylic  malate,  C^Hp,(C,H^^ 
prepared  by  saturating  an  alcoholic  solution  of  the  acid  with  hydrochloric  acid, 
is  an  oily  liquid  which  decomposes  on  distillation  into  water  and  diethylic 
fumarate,  C^HjO^{C,HJj ;  on  treatment  with  acetic  chloride,  it  is  converted 
into  diethylic  acetox>  succinate,  C,H,(CgH,0,)(COOC,H  J^ ;  and  the  coiresponding 
nitroxy-salt  Cj,Hj(NO,)(COOC,Hjj  is  forxhed  on  dissolving  it  in  a  mixture  of 
nitric  and  sulphuric  acids. 

Malic  acid  is  usually  said  to  be  an  optically  active  substance  :  thus  Pasteur 
found  the  value  of  [a]^  for  a  solution  coutainhig  about  one-third  of  its  weight  of 
acid  to  be  —  5**,  and  Ritthausen  {Jour,  pr,  Chem.  [2],  v.  354)  gives  [a]^  = 
—  4°'  7  4  for  a  solution  containing  one-sixth  of  its  weight  of  acid.  Pasteur,  however, 
employed  for  his  determination  a  sample  of  acid  not  prepared  by  himself,  and  he 
states  that  a  sample  which  he  had  himself  prepared  from  mountain-ash  berries 
with  especial  care  was  almost  destitute  of  optical  activity.  According  to  Ritt- 
hausen {Jour.  pr.  Chem.  [2],  ii.  339),  the  seeds  of  Lupinus  hUeut  contain 
optically  inactive  malic  acid.  The  addition  of  boric  acid  increases  the  IsBvorota* 
tory  power  of  malic  acid,  but  its  solution  in  niti-ic  ivcid  is  dextrorotatory.  Acid 
ammouic  malate  in  a  solution  containing  about  one-fourth  its  weight  baa  the 
apparent  specific  rotatory  power  [a]j  =  —  7^*2.  Normal  calcic  malate  is 
dextrorotatory,  as  is  also  its  solution  in  hydrochloric  acid ;  ammonic  antimonyi 
malate  in  a  solution  containing  '06S  of  its  weight  of  the  salt  has  the  high 
apparent  specific  rotatory  power  [a\  =  +  1 1 5** '47  (Pasteur,  Ann,  Ckim, 
•P^y*.  [3I  *"!•  81). 
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Jjfomeric  Malic  Acids, — By  submitting  optically  active  asparagine  or  aspa- 
raginic acid  to  the  action  of  nitrous  acid,  a  product  is  obtained  which  appears 
to  be  identical  with  malic  acid  from  natural  sources,  but  by  similarly  treating 
inactive  artificially  prepared  asparaginic  acid,  an  inactive  acid  is  produced,  which 
is  somewhat  less  soluble  than  natural  malic  acid  and  melts  at  133^  (271^*4  F.), 
although  it  otherwise  resembles  the  natural  acid  in  all  respects  (Pasteur). 

Optically  inactive  malic  acid  is  also  produced  by  digesting  bromosuccinic 
acid  with  argentic  hydrate,  &c.  (Kekuld) ;  the  properties  of  the  product  have 
not  yet  been  sufficiently  studied,  however. 

Fumaric  acid,  C,H,(COOH),,  combines  with  the  elements  of  a  molecule  of 
water  when  heated  with  water  alone  at  150^  (302°  F.)  (Jungfleisch),  or  with 
a  solution  of  sodic  hydrate  at  100^  {212^  F.).  In  the  latter  case,  an 
optically  inactive  hydrozysuccinic  acid  is  obtained,  which  appears  to  differ  more 
or  less  from  natural  malic  acid  in  all  its  properties,  yielding,  for  example, 
only  fumaric  acid  and  water  when  decomposed  by  heating  at  180** — 200°  (356® 
— 392*  F.)  (Loydl,  Ann.  Chem.  Pharm,,  cxcii.  80). 

By  digesting  tartaric  acid  with  a  solution  of  hydriodic  acid,  it  is  partially 
converted  into  malic  acid  (Dessaignes) ;  according  to  Bremer  (Deut,  chem, 
Ges.  Ber.t  viii.  1594)1  the  acid  thus  prepared  from  deztrotartaric  acid  is 
dextrorotatory,  its  apparent  sp.  rotatory  power  beino:  [a] p  =  3**' 15,  that  of  the 
natural  acid  from  mountain-ash  berries  being  [ajp  =  -3**-29.  Racemic 
acid  yields  inactive  malic  acid.  Acid  ammonic  dextromalate  has  the  apparent 
sp.  rotatory  power  [aj^  —  6'''3.  that  of  the  corresponding  laevomalate  being  [a]^  = 
6®*2.  the  inactive  malic  acid  prepared  from  racemic  acid,  like  this  latter,  is  composed 
of  two  optically  active  acids  having  equal  but  opposite  rotatory  powers.  On  dis- , 
solving  it  in  water,  together  with  a  single  molecular  proportion  of  cinchonine 
and  adding  a  crystal  of  cinchonine  IsBvomalate,  Bremer  (ibid.,  xiii.351)  observed 
the  separation  of  a  considerable  amount  of  cinchonine  dextromalate,  the  acid 
ammonic  salt  from  which  had  the  apparent  sp.  rotatory  power  [a]D  =  6°'3, 
the  acid  ammonic  malate  prepared  from  the  mother  liquor  from  these  crystals 
was,  however,  laevorobatory. 

(1864)  Hydroxyisosuccinic  or  Isomalic  Acid:  CJ^H^O,  =  (?) 
CH,.C(0H)(C00H)j. — This  acid  is  prepared  by  carefully  digesting  a  solution 
of  bromisosucoinio  acid  (p.  935)  with  argentic  hydrate,  <&c.  When  heated  at 
about  160**  (320®  F.),  it  is  resolved  into  carbonic  anhydride  and  lactic  acid, 
CH,.CH(0H).C00H  (Schmoeger,  Jour.  pr.  Chem.  [2],  xiv.  81). 

(1865)  DiHYDBOXVSUCCINIC     OF     TARTARIC     AciD  :      C^HgO^rs 

COOH.CH(OH).CH(OH).COOH.— No  fewer  than  four  distinct 
modifications  of  the  acid  C3Hg(OH)2(COOH)2  are  known : 
two  of  these  differ  merely  in  their  optical  characters,  the  one 
rotating  the  polarized  ray  to  the  right,  the  other  rotating  it  to  a 
precisely  equal  extent  in  the  opposite  direction,  and  are  therefore 
termed  dextro-  and  hsvotartaric  acid  respectively;  the  third 
modification,  racemic  or  paratartaric  acid,  although  itself  opti- 
cally inactive  may  be  resolved  into  the  two  active  acids;  the 
fourth  modification,  mesotartaric  acid,  is  not  only  optically 
inactive  but  also  incapable  of  being  resolved  into  the  active  modi- 
fications. We  shall  have  occasion  later  on  to  discuss  more  fully 
the  constitution  of  these  acids. 

(1866)  Dextrotartaric  Acid  ;  Ordinary  Tartaric  Add. — 
This  acid  is  probably  of  universal  occurrence  in  plants^  and  ji|^ 
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usually  associated  with  oxaliCi  malic  and  citric  acids,  a  circam- 
stance  which  indicates  a  close  genetic  relation  between  these  acids. 
Dextrotartaric  acid  is  produced^  mostly  together  with  racemic 
acid,  by  oxidation  with  nitric  acid  of  the  carbohydrate  sorbinose 
(1561)  and  generally  of  the  carbohydrates  which  furnish  saccharic 
acid  on  oxidation,  being  doubtless  a  product  of  the  oxidation  of 
this  acid.  According  to  Debus  (Jour.  Chem.  Soc,  xxv.  365), 
a  small  amount  of  "  tartaric  acid  "  is  produced  by  the  action  of 
nascent  hydrogen  (sodium  amalgam)  on  an  alcoholic  solution  of 
ethylic  oxalate :  the  calcic  salt  of  the  acid  so  obtained  agrees  in 
chemical  and  physical  properties  with  calcic  tartrate,  bat  it  has 
not  been  ascertained  whether  the  optical  properties  of  the 
product  are  those  of  dextrotartaric  acid  (private  communicatiam). 

Dextrotartario  acid  ia  largely,  uaed  in  ealioo-printing,  to  liberate  chkrine 
from  bleaching  powder  in  the  production  of  white  or  dischaiged  patterns  upon 
a  coloured  gpx>und.  It  ia  always  prepared  from  the  crude  hydric  potasaic  taitnte 
deposited  during  the  fermentation  of  grape  juice. 

The  materials  from  which  it  is  made  may  be  classed  as  lees,  argol,  and  tartar, 
lees  being  the  solid  matter  collected  from  the  bottoms  of  the  fermenting  yeasels ; 
argol,  the  thin  crystalline  crust  deposited  on  the  sides  of  these  yessela  ;  whikl 
tartar  is  manufactured  from '  the  two  former  by  a  rough  process  of  extractiaD 
with  hot  water  and  crystallization  (comp.  Warington,  Jour.  Chem.  8oe.,  xrvin. 
949).  In  preparing  the  acid,  a  boiling  solution  of  the  tartar  is  treated  with 
powdered  chalk,  whereby  insoluble  calcic  tartrate  and  soluble  dipotassic  tartrate 
are  produced ;  the  solution  of  the  latter  is  separated  from  the  former  by  filtratioo, 
and  is  then  mixed  with  a  soluble  calcic  salt,  or  digested  with  calcic  sulphate,  and 
thus  the  whole  of  the  tartrate  is  converted  into  calcic  salt ;  the  percipitated 
calcic  tartrate  thus  obtained,  after  being  washed,  is  treated  with  sufficient  dilate 
sulphuric  acid  to  displace  the  whole  of  the  calcium,  and  the  resulting  solution  of 
tartaric  acid  cautiously  evaporated  to  the  crystallizing  point. 

Dextrotartaric  acid  crystallizes  very  readily  in  large,  well- 
formed,  anhydrous  monoclinic  prisms  (comp.  p.  944),  soluble  in 
about  half  their  weight  of  cold  water ;  its  apparent  specific  rotatory 
power  in  aqueous  solution  at  19° — %o^  (66® "a — 'ji^'6  F.)  is  ex* 
pressed  by  the  formula  [a]D= 15*06  0*131  C,  where  C  is  the 
number  of  grams  of  acid  in  100  c.c.  of  soluti  on  as  shown  by  the 
following  table  (Landolt,  DetU,  ehem.  Get.  Ber.,  vi.  1075)  ' 


c. 

[a]„  (Ludolt). 

W„(Aindto«B). 

^s'-ss 

i3«-o6 

i3«io 

i3°-05 

7-69 

14-02 

14-01 

14-05 

3-845 

14-53 

14-49 

14-56 

1-9225 

14-87 

14-73 

14-81 

•9612 

14-92 

14-85 

14-93 

•4805 

15-03 

14-92 

15-00 
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The  apparent  specific  rotatory  power  varies,  however,  not  only 
with  the  concentration,  but  also  with  the  temperature,  increasing 
with  rise  of  temperature.  Certain  anomalies  in  its  rotatory  power 
for  rays  of  different  refrangibility  will  be  referred  to  later  on. 

Dextrotartaric  acid  melts  at  about  170°  (338°  F.),  and  is  said 
to  be  thereby  converted  without  loss  of  water  into  the  isomeric 
metatartaric  acid ;  it  is  further  stated  that  by  prolonged  heating 
at  about  180°  (35^°  ^0  so-called  ditartaric  acid,  C^TI^qO^^^ 
aC^HgOg  —  OH3,  is  produced  ;  then  tartrelic  acid,  C^H^Og,  which  is 
a  soluble  substance;  and  ultimately  insoluble  so-called  tartaric 
anhydride,  isomeric  with  the  last.  The  existence  of  metatartaric 
acid,  however,  as  a  distinct  species  is  very  doubtful,  and  it  is 
probable  that  the  difference  observed  in  the  properties  of  the  acid 
after  fusion  are  due  to  the  presence  of  a  small  quantity  of  ditar- 
taric add,  it  being  apparently  impossible  to  melt  the  acid  without 
producing  a  certain  quantity  of  the  latter  (comp.  Warington, 
loc.  cit.,  p.  943).  So-called  ditartaric  acid  and  tartaric  anhydride 
are  doubtless  related  to  tartaric  add  in  the  same  manner  that 
dehydroglycolic  acid  and  glycolide  are  to  glycolic  acid. 

Tartaric  acid  is  very  easily  oxidized,  formic  and  carbonic  acids 
being  generally  produced.  When  treated  with  hydriodic  acid,  it 
is  reduced  first  to  malic  and  then  to  succinic  acid.  It  is  readily 
carbonized  by  sulphuric  acid,  and  is  thus  distinguished  from  malic 
and  citric  acids,  which  are  only  slowly  altered.  When  treated 
with  phosphoric  pentachloride,  it  yields  chloromaleic  chloride, 
being  probably  first  converted  into  dichlorosucciuic  chloride, 
CjH3Cljj(COCl)2,  which  loses  the  elements  of  a  molecule  of 
hydrochloric  acid:  C3H3Cl2(COCl)2=C,HCl(COCl),  +  HCl. 

(1867)  IxfivoTARTARic  AciD. — No  method  of  directly  forming 
this  acid  alone  is  known  ,*  it  is  always  obtained  from  racemic 
add  (q.v.).  In  general  chemical  properties  it  agrees  most  closely 
with  dextrotartaric  add,  but  undergoes  fermentation  lesa 
readily,  in  this  respect  resembliug  Isevulose,  which  is  less  readily 
fermented  than  dextrose ;  the  two  acids  differ,  however,  to  a 
marked  extent  in  their  behaviour  with  other  optically  active 
substances  :  dextrotartaric  acid,. for  example,  forming  a  crystalline 
compound  with  asparagine,  whereas  Isevotartaric  acid  forms  with 
this  body  only  an  uncrystallizable  syrup ;  in  like  manner,  hydric 
ammonic  dextrotartrateforms  a  crystalline  double  salt  with  optically 
active  hydric  ammonic  malate,  but  hydric  ammonic  Isevotartrate 
does  not  furnish  a  corresponding  compound.  Again,  cinchonine 
dextrotartrate  crystallizes  with  two  molecular  proportions  of  water^ 
and  when  heated  begins  to  decompose  at  about  100^(212^  F.),whil8t 
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the  Isevotartrate  crystallizes  with  only  half  a  molecular  proportion 
of  water  and  is  much  more  stable,  being  unaltered  at  140°  (284°  P.)^ 
and  quinine^  brucine  and  strychnine  dextro-  and  Isevotartrates 
differ  in  a  similar  manner  (Pasteur,  Arm.  Chim,  Phy»,  [3], 
xxxviii.  460).  According  to  Pasteur,  dextro-  and  Isevotartaric  acids 
both  crystallize  in  forms  derived  from  a  monoclinic  prism,  PMT : 
sometimes,  although  very  rarely,  the  crystals  are  holohedral,  but  as  a 

Fig   394. 


rule  certain  faces,  c  c  (Fig.  394),  truncating  the  edges  c,  which  arc 
fully  developed  on  one  side  of  the  crystal,  are  only  slightly  developed 
on  the  other  side ;  often,  however,  they  are  hendhedral,  the  faces 
c  c  being  present  on  one  side  only.  ITiese  faces  are  situated  on 
the  right  side  in  the  case  of  dextrotartaric  acid,  and  on  the  left  in 
the  case  of  Isevotartaric  acid ;  the  two  kinds  of  crystals  are  thus 
non-superposable,  the  relation  of  the  one  form  to  the  other  being 
precisely  that  of  an  object  to  its  reflected  image.  The  crystals  of 
both  acids  are  pyro-electrical,  and  when  heated  and  left  to  cool, 
the  side  on  which  the  hemihedral  faces  are  situated  becomes 
positively  electrified  and  the  opposite  side  negatively  electrified. 
Solutions  of  the  two  acids  of  the  same  strength  deflect  the  plane 
of  polarization  to  an  exactly  equal  extent,  but  in  opposite 
directions.  In  all  other  physical  properties,  however,  the  two 
acids  appear  to  be  identical. 

Tartrates, — Many  of  the  metallic  tartrates  crystallize  in  well-defined  and 
highly  characteriBtic  forms :  corresponding  sa)t«  of  the  dextro-  and  Jtero-acida 
agreeing  in  composition  and  properties,  and  differing  only  in  crystalline  form  in 
the  manner  pointed  out  ahove  for  the  acids  themselves,  being  mostly  hemihedral. 
In  aqueous  solution,  they  all  deflect  the  plane  of  polarization  to  a  greata-  degree 
than,  but  in  the  same  direction  as,  the  parent  acid.  The  following  are  the  mart 
characteristic.  Sjfdric  potaasic  tartrate,  potassic  hitartraie  or  cream  qf  tartar, 
C^H^^K,  the  chief  constituent  of  tartar,  forms  irregular  aggregates  of  small, 
hard,  transparent  prismatic  crystals,  requiring  for  solution  about  240  pts.  water 
at  10*  (50"  F.),  and  15  pts.  boiling  water.  The  normal  potassic  salt, 
C^H^OjK,,  is  much  more  soluble,  requiring  only  66  pts.  at  14°  ($J°'2  F.). 
The  corresponding  sodio  salts  are  both  easily  soluble.  Potassic  sodic  tartrate; 
Eochelle  or  Seignette  salt,  C^H^^KKa  +  40Hj,  one  of  the  most  characteristio 
of  the  metallic  tartrates,  crystallizes  in  large  rhombic  prisms,  soluble  in  about 
15  pts.  cold  water.  By  boiling  a  solution  of  the  acid  potassic  salt  with  auti- 
monious  oxide,  so-called  tartar  emetic  is  produced,  the  group  SbO  displacing 
hydrogen  in  the  group  COOH,  thus : 
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CH(OH).OOOH  CH(OH).COO(SbO)       ^„ 

2\    ^  +   Sb,0,  =  ai  '       '    +0H^ 

CH(OH).COOK  •  CH(OH).COOK 

This  salt  crystallizes  in  rhombio  ootahedra  of  the  composition  20^H^O,K(SbO) 
+  OH,,  Bolable  in  about  14  pts.  cold  water ;  it  loses  the  whole  of  its  water 
of  crystallization  at  100°  (212''  F.),  and  when  heated  at  200'  (392°  F.)  the 
anhydrous  salt  is  deprived  of  the  elements  of  a  molecule  of  water,  leaving 
a  residue  of  the  composition  C^H^O^ESb.  Analogous  compounds  containing 
the  radicles  AsO,  BiO,  BoO,  PeO,  CrO  and  UO,  are  obtained  by  digesting  solu- 
^ns  of  hydric  potassic  tartrate  with  the  oxides  of  arsenic,  <&c. 

Oaldc  tartrate,  C^H^O.Ca  ^  4OH,.— Even  dilute  solutions  of  taortario  acid 
yield  a  crystalline  precipitate  of  this  salt  when  treated  with  calcic  acetate,  and  it 
is  also  obtained  with  calcic  chloride  in  presence  of  alcohol ;  solutions  of  normal 
tartrates  are  also  readily  precipitated  by  calcic  chloride,  altbongh  if  the  liquors 
are  dilute  the  precipitate  does  not  appear  for  some  mimitat*  Calcic  tartrate  is 
dimorphic,  being  frequently  deposited,  especially  from  dilute  solutions,  in  the 
form  of  very  fine  needles  radiating  from  a  common  centre,  but  after  a  time  these 
are  converted  into  isolated  rhombic  prisms  and  octahedra,  which,  however,  are 
always  holohedral.  Solutions  of  calcic  dextro-  and  IsBvotartrate  in  hydrochloric 
acid  exert  respectively  a  Isevo*  and  dextrorotatory  action  on  polarized  light 
(Pasteur).  If  baric  chloride  be  added  to  a  dilute  solution  of  ammonic  or  sodic 
tartrate,  or  if  baric  acetate  be  added  to  even  a  very  dilute  (1  per  cent)  solution 
of  the  free  acid,  a  precipitate  of  baric  tartrate  is  produced  which  generally  is  at 
first  bulky  and  flocculent,  but  in  a  few  hours  this  precipitate  disappears  and  the 
sides  of  the  vessel  become  coated  with  clean  globular  masses  (Warington).  So- 
called  basic  tartrates  are  obtained  by  displacing  the  hydrogen  of  the  OH  groups 
as  well  as  that  in  the  COOH  groups,  by  the  less  positive  metals.  Thuii,  if 
plumbic  tartrate,  C^H^^Pb,  be  dissolved  in  ammonia  solution,  and  the  liquid 
boiled,  a  precipitate  of  the  composition  C,Hj(0,Pb).(COO)jPb  is  obtained. 
Similarly,  cupric  hydrate  dissolves  in  solutions  of  normal  tartrates  of  alkali 
metals,  fumishing  a  solution  not  preeipitable  by  alkalies,  and  in  like  manner  the 
precipitation  of  aluminium,  iron,  tin,  &c.,  by  alkalies  is  prevented  by  the  presence 
of  an  alkali  metal  tartrate,  no  doubt  owing  to  the  formation  of  mixed  basic 
tartrates.  Fehling's  solution  used  in  the  estimation  of  glucose,  <&c„  is  a  solution 
of  a  basic  salt  of  this  kind  in  excess  of  alkali. 

JEthylic  tartrate,  C^H^O,(C,Hg),,  prepared  by  saturating  a  solution  of 
tartaric  acid  in  ethylic  alcohol  with  hydrochloric  acid,  is  a  colourless  liquid  which 
decomposes  on  distillation.  By  the  action  of  an  excess  of  acetic  chloride,  it  is 
converted  into  ethylic  diacetoxysuccinate,  C^^j(Cfifi^^(COOC^K^\,  a 
crystalline  substance  which  melts  at  67^  ( 1 52^*6  F.),  and  distils  with  only 
slight  decomposition  (Perkin,  Jour.  Chem.  Soe.,  xx.  147).  By  the  action 
even  of  an  excess  of  benzoic  chloride  on  ethylic  tartrate,  only  the  hydrogen  of 
one  of  the  OH  groups  becomes  displaced  by  benzoyl,  although  on  treating  the 
monobenzoyl  derivative  thus  obtained  with  acetic  chloride,  acetyl  is  readily 
introduced  in  place  of  the  hydrogen  of  the  second  OH  gi'oup  (Perkin). 

If  tartaric  acid  be  digested  for  several  hours  with  about  three  times  its 
weight  of  acetic  chloride,  it  is  gradually  converted  into  diacetotartaric  or 
diacetoxyguccimc  anhydride,  CgH,(C,H,0,),.C,0,,  a  crystalline  solid  melting 
at  126°  (258^*8  F.)  $  it  combines  with  water,  forming  the  correspondine  acid, 
dimetallic  salts  of  which  may  be  obtained  by  neutralization  with  metallic  car* 
bonates,  &c.  (Perkin). 

If  tartaric  acid  be  dissolved  in  4-5  pts.  of  the  strongest  nitric  acid,  and  an 
equal  volume  of  concentrated  sulphuric  acid  be  then  added  to  the  solution  with 
constant  stirring,  a  pasty  mass  of  diniiroaysuccinic  acid,  C,l  1,N0,)2((XX)H),, 
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is  prodaced ;  this  may  be  purified  by  Rpreading  on  porous  tiles,  crystal lizalioa 
from  water  at  o**  (32®  F.),  and  recrystallization  from  ether  (comp.  Demok, 
Deut.  chem,  Oes.  Ber.,  x.  1789).  It  is  an  extremely  unstable  body,  deeom< 
posing  into  tartronio  acid,  &c.,  at  a  few  degrees  above  0°  (32**  F.)  even  in 
aqueous  solution. 

(1868)  Bacemic  Acid. — This  acid  was  discovered  in  1822 
by  Eestner^  a  manufacturer  of  tartaric  acid  at  Thann  in  the 
Yosges^  who  obtained  it  in  large  quantity  from  tartars  produced 
in  the  vintages  of  1822 — 1824.  It  was  not  again  observed, 
however,  for  many  years,  and  on  inquiry  Pasteur  ascertained 
that  this  was  chiefly  owing  to  the  fact  that  the  manufacturers  of 
tartaric  acid  had  ceased  to  make  use  of  the  crude  tartars  and 
were  employing  tartar  partially  purified  by  crystallization  ;  crude 
tartars  from  various  districts  were  all  found  to  contain  more  or 
less  racemate,  but  being  more  soluble  than  the  tartrate  this 
chiefly  remained  in  the  mother-liquors. 

Bacemic  acid  may  be  formed  by  the  direct  union  of  dextro- 
and  Isevotartairic  acid :  on  mixing  cold  saturated  solutions  con- 
taining equal  weights  of  the  two  acids,  heat  is  developed,  and 
racemic  acid  separates  out  as  the  solution  cools. 

According  to  Pasteur,  the  acid  which  Perkin  and  Duppa  and 
Kekule  obtained  by  digesting  argentic  dibromosuccinate  with 
water,  or  calcic  dibromosuccinate  with  lime  water,  is  a  mixture  of 
racemic  and  mesotartaric  acids  ,•  Jungfleisch  (Compt,  Rend.,  IxxvL 
286)  has  shown  that  racemic  acid  can  be  obtained  in  this  way 
from  succinic  acid  prepared  from  ethylene,  and  consequentlvj 
since  racemic  acid  may  be  resolved  into  dextro-  and  Ifievotartaric 
acid,  that  it  is  possible  to  produce  optically  active  substances  by 
entirely  artificial  means.  Bacemic  acid  is  also  formed  (a)  by 
digesting  a  mixture  of  oxaldehyde  (glyoxal,  1667)  and  hydro- 
cyanic acid  with  hydrochloric  acid  (Strecker).  (A)  By  oxidation  of 
a  number  of  carbohydrates  and  of  saccharic  and  mucic  acids  :  in 
most  cases,  dextrotartaric  acid  is  also  produced,  the  following, 
according  to  Hornemann  {Jour.  pr.  Chem,,  Ixxxix.  283),  being 
the  relative  amounts  of  the  two  acids  obtained  : 

Dextrotartaric  Baeemio 
aoid.  add. 

Dextrogluoose 100  ...       — 

Lffivoglucose —  ...  100 

Cane  sugar 597  ...  40-3 

Milk  sugar 55-4  ...  44-6 

Starch 100  ...  — 

Oum 63  ...  37 

Saochario  aoid 72*6  ...      27*4 

Mucio  aeid P  ...  100 
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(c)  By  heating  either  dextro-  or  Isevotartrate  of  cinchouine  for  five 
or  six  hours  at  1 70°  (338°  F.) ;  mesotartaric  acid  is  also  produced 
simultaneously^  the  amount  increasing  as  the  heating  is  pro- 
longed (Pasteur).  Other  tartrates,  such  as  ethylic  tartrate  and 
quinine  tartrate,  are  also  converted  into  racemates  on  heating 
(Pasteur),  (d)  By  heating  mesotartaric  acid,  or  by  boiling  it 
with  hydrochloric  acid  (Dessaignes).  (e)  Together  with  mesotartaric 
acid  and  decomposition  products  by  heating  dextrotartaric  acid 
with  about  one-tenth  of  its  weight  of  water  for  about  30  hours 
at  175^(347°  F.);  if  the  heating  be  continued  long  enough, 
the  whole  of  the  dextrotartaric  acid  disappears,  racemic  and  meso- 
tartaric acids  being  formed  in  proportions  which  vary  with  the 
degree  of  heat  and  quantity  of  water  added ;  and  by  heating 
mesotartaric  acid  alone  with  water  in  a  similar  manner,  it  is  also 
transformed  into  racemic  acid,  but  it  cannot  be  completely  con- 
verted by  one  treatment.  To  separate  the  racemic  acid,  the 
product  of  the  action  of  heat  is  dissolved  in  boiling  water,  the 
solution  filtered  and  evaporated;  if  the  concentration  be  not 
carried  too  far,  the  crystals  which  separate  on  cooling  consist 
entirely  of  racemic  acid :  650  grams  dextrotartaric  acid  heated 
with  100  grams  of  water  in  a  metal  digester  yield  in  a  single 
operation  more  than  100  grams  racemic  acid  (Jungfleisch, 
Bull.  Soc.  Chem.  [2],  xviii.  201).  (J)  By  the  decomposition  of 
desoxalic  acid  (1882). 

Bacemic  acid  crystallizes  in  triclinic  prisms  of  the  composition 
C^HgOj -h  OHg,  which  effloresce  on  exposure  to  the  air  and  become 
completely  anhydrous  at  100°  (a  12°  F.) ;  the  anhydrous  acid  melts 
at  about  200®  (392^  F.).  Bacemic  acid  is  less  soluble  in  water 
than  tartaric  acid,  the  crystallized  acid  requiring  5 — 7  pts.  water 
at  15°  (59°  F.) ;  its  solution  is  optically  inactive.  It  is  also  dis- 
tinguished from  tartaric  acid  by  the  behaviour  of  its  calcic  salt, 
which,  although  of  the  same  composition,  is  less  soluble  than 
calcic  tartrate,  being  precipitated  on  adding  calcic  chloride  or 
sulphate  to  a  solution  of  the  acid;  calcic  racemate  also  is  in- 
soluble in  acetic  acid,  and  on  adding  ammonia  to  its  solution  in 
hydrochloric  acid,  a  crystalline  precipitate  forms  within  a  few 
seconds,  whereas  with  calcic  tartrate  the  precipitation  does  not 
take  place  for  several  hours. 

The  racemates  all  crystallize  in  holohedral  forms,  and  are 
optically- inactive.  According  to  Pasteur,  the  property  of  uniting 
to  form  a  racemate  does  not  obtain  for  all  metallic  dextro-  and 
Isevotartrates ;  thus  if  a  solution  of  racemic  acid  be  divided  into 
two  equal  portions  and  the  one  half  neutralized  with  sodip  car-^ 
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bonate^  the  other  with  potassic  carbonate  or  ammonia,  and  the 
two  solutions  mixed^  the  liquid  being  of  such  a  degree  of  con- 
centration that  it  only  deposits  crystals  after  some  hours,  the 
crystals  which  form  consist  not  of  sodic  potassic  or  sodic  am- 
monic  racemate,  but  in  part  of  the  corresponding  dextro-  and  in 
part  of  the  corresponding  laBvotartrate.  It  was  in  this  way,  in 
fact,  that  Pasteur  originally  ascertained  the  nature  of  racemic 
acid,  and  succeeded  in  resolving  it  into  dextrotartaric  acid  and 
the  then  unknown  kevotartaric  acid.  It  would  appear,  however, 
that  under  certain  conditions  a  solution  prepared  in  the  manner 
described  with  the  aid  of  sodic  carbonate  and  ammonia  also 
deposits  holohedral  monoclinic  crystals  of  sodic  ammonic  racemate 
(comp.  Stadel,  Deut  chem.  Ges,  Ber.,  xi.  1852). 

Fig.  395.  Fig.  396.  Fig.  397. 


The  crystalline  form  of  the  two  sodic  ammonic  tartrates  is 
represented  by  Figs.  395,396,  although  in  reality  they  are  somewhat 
more  complicated  as  shown  by  Fig.  397,  which  is  a  projection  of  the 
extremity  of  a  crystal  of  dextrotartrate.  The  crystals  being  so 
placed  that  the  face  p  is  in  front  of  the  observer  and  the  face  t 
horisontal,  it  will  be  seen  that  there  is  a  hemihedral  face  h  on 
the  right  hand  in  the  case  of  the  dextrotartrate,  and  on  the  left 
hand  in  the  case  of  the  Isevotartrate ;  the  face  p  is  readily 
recognised  in  consequence  of  the  presence  of  the  small  faces 
«, «,  Fig.396,  which  truncate  the  edge  formed  by  the  intersection  of 
the  faces  p  and  t. 

(1869)  M£S0TARTABic  AciD. — This  modification  is  formed 
together  with  racemic  and  dextrotartaric  acid  by  oxidation  of 
sorbinose  ([561),  and  together  with  racemic  acid  by  digesting 
dibromosuccinic  acid  with  water  and  a  metallic  hydrate ;  it  may 
also  be  produced  by  heating  cinchonine  dextrotartrate  or  race- 
mate  for  several  hours  at  1 70°  (348°  F.),  by  prolonged  boiling 
of  dextrotartaric  or  racemic  acid  with  hydrochloric  acid,  and  by 
heating  either  of  these  acids  with  water.  It  is  best  prepared  by 
heating  dextrotartaric  acid  with  about  one-tenth  its  weight  ct 
water  for  two  days  at  16$^  (3^9^  ^O  (comp.  Jungfl^isch^  ibc.  ci/.). 

Digitized  by  VjOOQ IC 


1 873-]  MSSOTARTARIG   ACID.  940 

Mesotartaric  acid  is  very  soluble  in  water  and  usually 
crystallizes  in  rectangular  plates  of  the  composition  C^H^Og+OH,, 
which  readily  part  with  their  water  at  ioo°  (2ia°  F.) ;  if  the 
anhydrous  acid  be  dissolved  in  water  and  the  solution  he  allowed 
to  crystallize^  large  anhydrous  holohedral  crystals  resembling  those 
of  dextrotartaric  acid  are  deposited.  It  melts  at  140^(1284^7.). 
Mesotartaric  acid  is  optically  inactive  aud  cannot  be  resolved  into 
the  active  modifications^  but  it  may  be  converted  into  raoemic  acid 
by  heating  with  water  at  175°  (347^  F.)  (Jungfleiseh).  Calcic 
and  hydric  potassic  mesotartrate  are  more  soluble  than  the  corre- 
sponding tartrates. 

(1870)  HYD£oxTPsoPANB-a-Di€ASBOXTLic  AciDS. — ^Two  Bueh  soids  are 
known,  the  one  formed  by  heating  so-called  dichlorhjdrin  (CH,C1),CH.0H 
(p*  541)  ^ith  potasitic  cyanide,  Sic;  the  other  by  the  action  of  nitrous  acid  on 
giutaminic  acid.  The  former  is  a  crystalline  body,  melting  at  1^5°  (275°  F.) ; 
judging  from  the  manner  in  which  it  is  prepared  it  should  have  the  formula 
CH/COOH).CH(OH).CH,(COOH)  (Maxwell  Simpson, Proc.  .Boy.  &c.,xiu.44). 
The  latter  has  been  termed  glutanie  acid ;  it  is  very  soluble  in  water  and  crys* 
tallizes  with  difficulty;  it  melts  at  about  73^  (163^*4  F.)  (comp.  Markownikoff, 
Ann.  Ckem,  PAarm.,  clxxxii.  347).  Being  isomeric  with  the  acid  from  dichlor- 
hydrin,  it  should  have  the  formula  CH,(COOH).CH,.CH(OH).COOH,  but  thU 
is  by  no  means  established. 

(1871)  Mbthtlhydboxysuccintc  or  Htdeoxypybotabtabic  Acids. — 
By  heating  ethylic  aoetoacetate  at  100°  (212^  F.)  with  half  its  weight  of  anhy- 
drous hydrocyanic  acid  and  digesting  the  product  with  hydrochloric  acid,  it  is 
converted  into  an  hydroxy-acid  of  the  formula  CH,.C(OH)((X)OH).CH,,CO0H, 
which  crystallizes  in  groups  of  deliquescent  needles.  When  distilled,  this  acid 
is  partly  resolved  into  water  and  citraconio  anhydride,  and  partly  into  isopropylic 
alcohol  and  carbonic  anhydride.  (Demar^y,  Compt.  Bend.,  Ixxxii.  1337  ; 
Norris,  Jour.  Chem.  80c.  Trans.  1880, 6.) 

By  combining  itaconic  acid,  C^H^CCOOH),,  with  hydrochloric  or  hydrobromio 
aeid,  and  boiling  the  resulting  chloro-  or  bromo-acid  with  water  for  6~<8  hoars, 
00-oaUed  itamalio  add,  C3H^(OUX00OH),,  is  produced;  this  crystallizes  in 
long  needles,  melting  at  64^(147  *2  ^O  (^^surtsj  comp.  Fittig  and  Landolt, 
Aim.  Chem.  Pharm.,  dxxxviii.  71).  Citra-  and  mesaoouic  acids  do  not  appear 
to  furnish  hydroxy-acids  when  treated  like  itaconic  acid,  as  above  described 
(comp.  Fittig  and  Landolt,  loc.  cH.),  but  according  to  Carius,  citramalie  aeid, 
isomeric  with  itamalic  acid,  may  be  obtained  by  combining  citraconio  aeid 
with  hypocblorous  acid,  and  displacing  the  chlorine  in  the  resulting  chlorocitra- 
malic  acid  by  hydrogen.  By  combining  citraconic  and  itaconic  acids  with  hypo- 
chlorous  acid,  and  boiling  the  products  with  water,  isomeric  dihydroxy-acids, 
homologoiM  with  tartaric  acid,  and  therefore  termed  cUrch  and  Uo'tartaric 
add,  are  said  to  be  formed  (Carius,  ihid.,  cxxix.  159;  Wilrn*  olxi.  28),  but 
these  acids  have  been  very  insufficiently  investigated. 

(1872)  Aposobbio  Acid,  C^H^O,  =  C,H,(OH),(COOH),,  is  one  of  the 
products  of  the  oxidation  of  sorbinose  (1561)  by  nitric  acid;  it  usually  crystal- 
lizes iu  confused  laminsB,  but  sometimes  forms  thin  acute  rhombohedra,  soluble  in 
163  pts.  water  at  15**  (59*  F.)  (Dessaignes,  Ann.  Chem.  Fharm.,  Sujfp.j  ii.  242). 

(1873)  Hydboxtadipic  Acids.— Mon-,  di-,  and  trihydroxyadipio  acids 
have  been  prepared  from  the  corresponding  bromo-acids  (p.  93  5)9  but  comparar 
tively  little  is  known  of  their  propwtiea.  r^r^r^^]^^ 
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(1874)  DiMBTHYLTARTARic  AciD,  [C(CH,)(OH)(COOH)],,  18  obtained  in 
small  quantity  on  diBsolving  zinc  in  a  dilute  alooUolic  solution  of  acetoformie 
acid  (1820) ;  its  hjdric  potassic  salt  crystallizes  in  small  glistening  plates,  very 
difficultly  soluble  in  cold  water.  The  baric  and  calcic  salts  also  crystallize  well, 
and  are  almost  insoluble  in  cold  wat^r  (Bottinger,  ibid,,  clxxxviii.  315). 

(1875)  DiATBEBBic  Acid  :  C,H„0.  =  C,H/.CH(OH).CH(COOH)^— When 
oxidized  with  nitric  acid  (sp.  gr.  1*18 — i'i6),  both  French  and  American 
turpentine  oil  yield  a  crystalline  acid  of  the  composition  CyHj^O^,  which  is  termed 
terehic  acid.  This  acid  is  monobasic,  but  on  treatment  with  alkaline  hydrates 
it  furnishes  salts  derived  from  an  acid  of  the  composition  C,Hj,0^ ;  these  diatere- 
binates,  however,  are  uncrystallizable,  and  the  acid  which  they  fumtHh  when 
treated  with  mineral  acids  cannot  be  isolated  but  breaks  up  into  terebic  acid 
and  water.  Terebic  acid  separates  from  alcohol  in  large,  transparent,  monodinic 
crystals,  slightly  soluble  in  cold,  more  readily  in  hot  water;  it  melts  at  174 
(345°'2  F.),and  on  distillation  is  completely  resolved  into  carbonic  anhydride  and 
pyroterebic  acid,  Cfl^fi^  Pyroterebio  acid  yields  isobutyric  and  acetic  acid  on 
fusion  with  potassio  hydrate  (C.  Williams),  and  is  converted  into  isobutylaoetic 
acid  by  heating  with  hydriodio  acid ;  the  most  probable  formulse  of  diaterebic, 
terebic  and  pyroterebic  acid  are  therefore  as  follows  (Fittig  and  Mielck,  Amu 
CAem.  PAarm.,  cIjczx.  45;  oomp.Erlenmeyer,  Dew^.cAem.  6re«.  Ber.,xm.  305): 

(CHJ.CH.CH(OH).CH(COOH).  (CH.),CH.CH.CH.C(X)H 

Diaterebic  add.  II 

o.oc 

Terebio  add, 
(CH,),CH.CH— CH.COOH. 
Pjroterebic  add. 

(1876)  DiATBBFBNYLic  Acid  :  CjHj^O,. — ^This  acid  is  homologous  with 
diaterebic  acid,  and  like  it  cannot  be  obtained  in  the  free  state  on  account  of  its 
instability  and  tendency  to  break  up  into  water  and  the  dehydro-acid,  terpenyUc 
acidf  C^HjjO^,  homologous  with  terebic  acid.  Terpenylic  acid  is  produced 
together  with  a  small  amount  of  terebic  acid  on  oxidizing  American  or  French  tur- 
pentine oil,  lemon  oil,  or  so-called  terpin — the  crystalline  glycol  of  the  composition 
C^qHj3(0H),  obtained  by  the  combination  of  the  elements  of  2  rools.  water  with 
I  mol.  of  a  terpene — an  amount  equal  to  about  6 — 7  per  cent,  of  the  weight  of  the 
terpene  employed  being  obtained.  It  forms  large,  well-defined,  triclinic  prisms  of 
the  composition  C^H^jO^  +  OH,,  moderately  soluble  even  in  cold  water ;  the  pore 
anhvdrous  acid  melts  at  90°  (194°  F.).  It  is  comparatively  easily  oxidized,  and 
yields  only  acetic  and  carbonic  acids.  When  distilled,  it  is  resolved  into  carbonic 
anhydride  and  teracrylic  acid,  C^H^^O,,  homologous  with  pyroterebic  acid ;  but 
a  considerable  portion  is  converted  into  oily  non-acid  substances.  The  salts  of 
terpenylic  acid  have  the  formula  C^Hj^M'O^,  the  most  characteristic  being  the 
cuprio  salt;  crystalline  baric  diaterpenylate  may  be  obtained  by  adding  an 
excess  of  baric  hydrate  to  a  solution  of  terpenylic  acid,  removing  the  excess  of 
baric  hydrate  by  means  of  carbonic  acid,  and  concentrating  the  solution  in  vacuo : 
it  is  more  soluble  in  cold  than  in  hot  water  (Fittig  and  Hempel,  Ann,  Ckewu 
Fkarm,,  clxxx.  71 ;  Krafft,  Deut,  chem.  Ges.  Ber,,  x.  521, 1659). 

(1877)  Saccharic  Acid  ;  Telrahydroxytetranediearboacjflic  Acid  :  C^H^O, 
=  C^H^(OH)^(COOH),.— This  acid  is  a  product  of  the  oxidation  by  means  of 
nitric  acid  of  mannitol,  of  the  glucoses  which  furnish  mannitol  when  hydio- 
genized,  of  oane  sugar  and  of  starch ;  it  is  also  formed  together  with  the  isomeric 
music  acid  when  milk  sugar  is  similarly  treated. 

It  is  best  prepared  by  heating  1  pt,  cane  sugar  with  3  pts.  nitric  acid 
sp.  gr.  1*3)  until  reaction  commences ;  after  the  first  brisk  action  is  over,  the 
mixture  is  maintained  at  50°  (i22°F.)  for  some  time,  and  it  ia4ben  diluted  witk 
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about  half  its  bulk  of  water,  neutralized  with  potassic  carbonate,  supersaturated 
inrith  acetic  acid,  and  allowed  to  stand,  when  slightly  soluble  hydrlc  potassic 
saccharate  crystallizes  out  iu  the  form  of  brownish  crusts.  It  may  be  purified  by 
recrystallization  with  the  aid  of  animal  charcoal.  To  prepare  the  free  acid,  this 
salt  is  converted  into  the  normal  potassic  salt,  which  is  precipitated  with  cadmic 
sulphate,  and  the  cadmic  salt  decomposed  with  hydric  sulphide. 

Saccharic  acid  has  hitherto  only  been  obtained  as  an  amorphous  deliquescent 
substance,  easily  soluble  in  alcohol ;  it  begins  to  decompose  when  heated  slightly 
above  100°  (212°  F.).  It  is  said  to  exert  a  dextrorotatory'  action  on  polarized 
light.  It  yields  dextrotartaric  acid  when  oxidized  with  nitric  acid  ;  when  heated 
with  hydriodic  acid  it  yields  adipio  acid  (De  la  Motte,  Deut.  chem,  Ges,  Ber,, 
xii.  157 1);  on  treatment  with  acetic  chloride,  it  yields  a  crystalline  compound 
of  the  formula  C^^H^^O,,  which  •  is  probably  a  diacetylated  auhydro-derivative 
(Baltzer). 

The  acid  saccharates  of  the  alkali  metals  are  difficultly  soluble  like  the  acid 
tartrates,  but  the  normal  saccharates  of  alkali  metals  are  very  soluble ;  the  sac- 
charates of  other  metals  are  difficultly  soluble  or  insoluble.  JtJtkylic  saccharate, 
C^HgOg(C,H,),,  is  crystalline,  but  difficult  to  obtain  in  a  pure  state ;  it  forms  a 
ci-ystalline  compound  with  calcic  chloride,  2C^Hfi^{C^ll^)^  +  CaClj,  which  is  con- 
verted into  the  tetracetyl  derivative  C^H^(C,H30j^(C030jH^),  by  treatment  with 
aicetic  chloride :  this  compound  crystallizes  from  alcohol  in  ilukes,  melting  at  61^ 
(i4i*'-8F.)  (Baltzer). 

(1878)  Mucic  Acid,  C.H^^O,  =  C,H^(OH)^(COOH)„  isomeric  with 
saccharic  acid  is  formed  by  oxidation  of  dulcitol,  lactose,  milk  sugar,  gum  arabic 
and  vegetable  mucus.  It  is  easily  prepared  by  heating  milk  sugar  with  nitric 
acid  until  a  brisk  reaction  set-s  in,  and  when  the  action  has  subsided  again 
heating  for  a  short  time ;  as  the  \iquid  cools,  it  separates  as  a  sandy  crystalline 
powder  (comp,  Limpricht,  Ann,  Chem,  ^hwrm.^  clxv.  253). 

Mucic  acid  crystallizes  in  plates,  almost  insoluble  in  cold  water  and  alcohol, 
and  it  even  requires  about  dd  pts.  boiling  water  to  dissolve  it.  Wheu  heated, 
it  melts  and  decomposes,  yielding  formic  acid  and  small  quantities  of  pyromucic 
and  isopyromucic  acids,  C^H^O,,  together  with  products  of  more  complete  decom- 
position. It  yields  raoemic  acid  on  oxidation  with  nitric  acid ;  when  heated  at 
100°  (212^  F.)  with  a  solutioD  of  hydrobromic  acid  saturated  at  0°  (32°  F.), 
it  is  converted  into  dehydromucic  acid,  C^H20(C00H),  (Heinzelman,  Ann, 
Chem,  Pharm,,  cxciii.  184).  When  boiled  for  a  length  of  time  with  water,  it 
is  said  to  be  converted  into  the  isomeric  paramudc  acid,  which  is  distinguished 
from  it  by  its  greater  solubility  in  water  -,  this  acid,  however,  very  readily  under- 
goes reconversion  into  mucic  acid — e.y.,  on  merely  cooling  a  boiling  saturated 
aqueous  solution. 

Mucic  and  saccharic  acid  are  both  converted  by  the  action  of  phosphoric  pen- 
tachloride  into  so-called  chloromuoouic  chloride,  G^H2Cl2(COCl),,  which  yields 
chloromuconic  acid,  C^H^C^COOH),,  when  decomposed  by  water  (comp.  DeiU, 
chem.  Gee.  Ber., xii.  1271,  1571): 

C,HXOH)^(COOH).  +  6PC1,  =  C,H,C1/C0C1),  +  6P0C1,  +  6Ha ; 
C,H^C1,(C0C1),  =  C,H,C1,(C0C1),  +  2HCI. 

The  mucates  are  mostly  insoluble,  even  the  normal  salts  of  the  alkali  metals 
being  sparingly  soluble ;  the  acid  potassic  salt  is  somewhat  more  soluble  than 
the  normal  salt.  Ethylic  mucate  crystallizes  in  four-sided  prisms,  melting  at 
158°  (3i6°*4  F.)  (comp.  Limpricht);  by  treatment  with  acetic  chloride,  it  is 
converted  into  the  tetracetyl-derivative,  C^H^(C,H  Oj^(COjC,H,),,  which  crys- 
tallizes from  hot  alcohol  in  needles,  melting  at  177    (350^*6  F.). 

Inaamuoh  as  they  are  formed  from  mannitol  and  dulcitol  respectively,  both 
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saccharic  and  macic  acid  must  in  all  probability  be  represented  bj  the  fonnnlt : 

C(X)H.CH(OH).CH(OH).CH(OH).CH(OH).COOH; 
we  do  not  know,  however,  that  both  have  the  same  molecular  weight. 
§  V.  Tribasic  Acid8  derived  fr(im  the  Paraffins. 

(1879)  TBICARBALLTLIC  AciD ;  Propanetriearhoxylid  AM:  Cflfi^^ 
COOH.CH,.CH(COOH).CH,.COOH.— This  acid  was  originally  obtained  by 
digesting  a-tribromopropane  (so-called  tribromhydrin),  CH,Br.CHBr.CH,Br. 
with  an  alcoholic  solution  of  potasxic  cyanide,  and  boiling  the  resulting  eymnide 
with  water  and  an  alkali  (Maxwell-Simpson).  It  is  also  formed  by  the  action 
of  nascent  hydrogen  on  aconiti';  acid,  C^H^O^  (Wiohelhaus) ;  by  boiling  ethylie 
a-chlorocrotonate  with  an  alcoholic  solution  of  potassic  cyanide  (Clans,  Awn^  Ckem. 
Pkarm,,  cxci.  63),  and  by  decomposing  ethylie  aoetotricarballylate  (pu  913 — 
the  product  of  the  action  of  ethylie  chloracetate  on  the  sodium  derivative  of 
ethylie  acetosuccinate)  with  a  concentrated  solution  of  potassic  hydrate. 

Tricarballylio  acid  crystallizes  in  transparent  rhombic  prisms,  easily  solal^ 
in  water ;  it  melts  at  about  158''  (316^*4  F.),  but  sublimes  below  this  tempera- 
ture.    It  does  not  appear  to  furnish  characteristic  or  well-crystallized  salts. 

(1880)  Citric  Acid;  Hydroxytricarhallylie  or  Ifydrottypropane- 
MeoTboxt/lic  Acid:  C^H^O,  =  C,H/OH)(COOH),.— This  acid  occurs  in  the 
free  state  in  many  fruits,  such  as  lemons,  oranges,  gooseberries  and  mulberries ; 
and  occasionally  is  met  with  as  acid  potassic  or  calcic  salt,  oocurring  in  these 
forms  in  potatoes,  for  example. 

It  is  now  prepared  almost  entirely  from  lemon-juice  expressed  from  windfalls 
and  imperfect  fi-uit,  nearly  the  whole  of  the  juice  used  in  this  country  being 
imported  from  Sicily  and  South  Italy.  The  amount  of  acid  in  the  juice  varies 
according  to  the  season  at  which  it  is  expressed,  Sicilian  juice  expressed  in 
November  containing  about  9  oz.  per  gallon^  while  that  obtained  at  the  end  of 
the  following  April  contains  only  about  6  ob.  per  gallon  (Warington,  Jour, 
Ckem.  80c,,  xxviii.  927).  The  hot  juice  is  neutralized  partially  with  calde  car- 
bonate and  partially  with  calcic  hydrate ;  the  precipitated  calcic  citrate  is  ct^leeted, 
washed,  and  treated  with  the  equiTalent  amount  of  dilute  sulphuric  acid ;  and 
the  solution  of  citric  acid  thus  obtained,  after  being  separated  from  the  calcic 
sulphate,  is  evaporated  to  the  crystallizing  point. 

Citric  acid  crystallizes  in  large  transparent  rhombic  prisms  of  the  composition 
C^HgOy  +  OHj,  very  soluble  in  water  and  alcoliol  j  the  crystals  may  be  entirely 
deprived  of  their  water,  without  undergoing  fusion,  if  heated  for  some  time  at 
50°— 60**  (i32*— 140"  F.)  and  afterwards  at  100*'  (212®  F.).  At  higher  tem- 
peratures, the  add  is  deprived  of  the  elements  of  a  molecule  of  water,  and 
converted  into  aconitic  acid  (q.v.),  CjH,(COOH)j,  and  a  similar  change  takes 
place  on  heating  it  with  a  concentrated  solution  of  hydrochloric  or  hydrobromic 
acid.  Oxidizing  agents  readily  completely  decompose  citric  acid;  it  ia  alM> 
eompletely  decomposed  by  sulphuric  acid,  but  does  not  blacken  so  easily  as 
tartaric  acid  when  heated  with  this  acid.  It  is  also  extremely  sensitive  to  the 
action  of  certain  organized  ferments.  Nascent  hydrogen  is  without  action  upon 
it  (ClauK).  By  treating  solutions  of  alkaline  citrates  with  chlorine  or  bromine, 
haloid  derivatives  of  acetone  and  chloroform  or  bromoform  are  produced. 

Citric  acid  has  a  pure  and  agreeable  acid  taste,  but  it  cannot  be'very  exactly 
determined  by  neutralization  with  standard  alkali,  as  it  gives  no  aharp  reaction 
either  with  litmus,  cochineal  or  logwood  (Warington).  The  citrates  of  the  alkali 
metals  are  very  soluble ;  thoee  of  other  metals  are  mostly  difficultly  soluble. 

Calcic  citrate,  (C,H^Oy),Ca,  -»-  4OH,,  the  most  characteristic  citrate,  is  more 
soluble  in  cold  than  in  hot  water,  so  that  a  cold  saturated  solntion  becomes 
turbid  on  being  boiled;    it  ia  distinguished  by  thia  proper!^    ffom    ealcie 
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tartrate,  and  also  bj  its  insolubility  inalkaKes.  Citric  acid,  like  tartaric  and  many 
other  hjrdroxy-aeidsj  prerents  the  precipitation  of  ferric  hydrate  from  solutionti 
of  ferric  salts  by  alkalies,  donbtless  because  a  ferric  compound  is  formed  by  the 
displacement  of  the  hydrogen  of  the  OH  group  associated  with  the  hydrocarbon 
radicle.  Ethereal  salts  of  citric  acid  are  formed  by  saturating  solutions  of  citric 
acid  in  the  carbinols  with  hydroohbric  acid.  Trimethylic  citrate  crystallizes  in 
well-formed  triclinic  prisms,  melting  at  79^  (174°'^  F*) ;  it  is  oonrerted  into  the 
compound  C,H^(C^H,0,)(CO,CH,),  on  treatment  with  acetic  chloride  (Hunaus, 
Deui,  ckem.  Ges,  Ber.,  iz.  1749).  Citric  acid  is  converted  into  the  highly 
uni^table  crystalline  nitroxy-deriratire  C,H^(NO,)(COOH),  by  treatment  with  a 
mixture  of  concentrated  nitric  and  sulphuric  acid  (Champion  and  Peclet). 

(1883)  DiHTDSOXYPBOPANBTBiCABBOXTLic  AciD;  Dikjfdroxytricarh* 
allylic  or  Hydroxyciiric  Acid:  C^H.O,  =  C,H,(OH),(COOH),,  is  formed  by 
combining  aoonitic  acid  with  hypochloroi\s  acid  and  heating  the  product  with 
water;  it  does  not  orystalliM  (ParvoUeck,  Ann,  Chem.  Pkarm,,  clxxviii.  510). 

(1883)  Dbsozalic  Acid  :  0^11,0^. — By  acting  on  ethylic  oxalate  (contuining 
alcohol)  with  sodium  amalgam,  Lowig  in  i860  obtained  the  ethylic  salt  of  a 
tribasic  acid  to  which  he  gave  the  formula  C,H^O,.  Brunner  subsequently  stated 
(DetU.  chem.  Qee.  Ber.y  iii.  974;  xii.  542)  that  the  primary  product  is  the 
ethylic  salt  of  an  acid  of  the  formnk  Qfi,fi^  the  acid  corresponding  to  which 
cannot  be  isolated,  as  it  decomposes  on  evaporation  of  its  aqueous  solution  into 
racemic  and  dihydroxy-acetic  (glyoxalic)  acids.  Klein  {Jour,  pr,  Chem,  [2],  xx. 
146),  however,  has  recently  confirmed  Lowig's  statements,  and  further  investi- 
gated the  acid.  Triethylie  deeoxalaie,  Cfifi^(CfiX  cryBtallizes  in  triclinic 
prisms  melting  at  85°  (185''  F.);  it  yields  a  diacetyl-derivative  on  treatment 
with  acetic  anhydride.  Dosoxalic  acid  is  crystalline,  but  very  hygroscopic ;  on 
heating  its  aqueous  solution  above  45*  (113**  F.)  it  is  decomposed  into  carbonic 
anhydride  and  racemic  acid,  C^H,<  \  =  CO,  -»-  C^H^O,.  The  racemic  acid  thus 
obtained  agrees  with  ordinary  racemic  acid  in  all  its  reactions,  but  appears  to 
differ  from  the  latter  in  its  crystallographio  form. 

The  decomposition  of  desoxalic  acid  in  this  manner,  and  the  fact  that  it  is  a 
tribasic  penthydric  acid,  necessitate  the  conclusion  that  it  has  the  following 
formula: 

C(OH)(COOH), 

CH(OH).(COOH), 

§  VI.  Acids  of  the  CnHjp,_jCOOH  or  Acrylic  Series. 

The  flcids  of  this  series  bear  precisely  the  same  kind  of  rela- 
tion to  the  acids  of  the  acetic  series  that  the  defines  bear  to  the 
paraffins^  and  the  alcohols  of  the  allylic  series  do  to  the  alcohols 
of  the  ethylic  series. 

(1883)  The  following  are  at  present  known: 

C,H,0,     Acrylic  aoid CR— CH.COOM 

f  Crotonic  or  a-methacrylic  acid     .     •     CH,.CHlZCH.COOH 

C,H,0  J  Isocrotonic  aoid (P)CH,.CH— CH.COOH 

( /3-Methacrylic  acid CH;=C(CH,).COOH 

o'-Dimethaorylic  acid (CHj.CllCH.COOH 

J  o/J-Dimethacrylio  or  methylcrotonic )  CH,.HC=:C(CHJ.C00H 

*    '        Angelic  add!     '.     '.     !     '.    '.     .     '.(P)CH,.HC=lC(CH,).C00H 

AUykcetio  aoid CH— CH.CH,.C&,jC0OH^ 
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{Hydrosorbic  acid  or  (P)  a-propylacrylic  C,H^CH.CXX)H 
a-IsopropylAcrylic  or  pyroterebic  acid     C,Hy^.HCZlCH.COOH 
a-Methyl-^-ethylacrylic  or  ethylcro-  \q^ 
toDic  acid J     *    * 

Teracrylic  acid C.Hj^COOH 

Damaluric  acid (?)C,Hjj.COOH 

Moringicacid .(?)C„H.,.COOH 

Cimicicaoid Cj,H„.COOH 

Hypogseic  acid    .     *     .     #     .     .     •     CjjHj^.COOH 

Oleic  acid C,,H„COOH 

Doeglicacid C„H„.COOH 

Brassic  or  erucic  acid    .....     Cj^H^j.COOH 

(1884)  Methock  of  formation. — i.  By  oxidation  of  the  corre- 
sponding aldehydes : 

CjHj.COH  +  (O  +  OH3)  =  CjHj.COOH  +  OH^. 

Acrylic  aldehyde.  Acrylic  add. 

As  the  acids  themselves  very  readily  undergo  oxidation^  it  is 
necessary  to  employ  very  mild  oxidizing  agents^  such  as  argentic 
hydrate,  for  this  purpose. 

2.  By  the  removal  of  the  elements  of  a  molecule  of  water  from 
certain  acids  of  the  lactic  series  (comp.  i,  1784)  by  mere  dry 
distillation  : 

CH2(OH).CH2.COOH  =  CHj  =  CH.C00H  +  0H3 

a-Uydrozypropionic  add.  Acrylic  aoid. 

3.  By  the  removal  of  the  elements  of  a  molecule  of  haloid  acid 
from  monohaloid  derivatives  of  the  acids  of  the  acetic  series,  either 
by  mere  heating  or  by  means  of  an  alcoholic  solution  of  potassic 
hydrate. 

4.  By  the  removal  of  a  molecule  of  halogen  from  certain  di- 
haloid  derivatives  of  acids  of  the  acetic  series  by  means  of  nascent 
hydrogen : 

CHjjBr.CHBr.COOH  +  2R=CU^  —  CH.COOH  +  ijHBr. 

a/i-DlbromopropioDic  add.  Acrylic  add. 

5.  A  number  of  the  acids  of  the  series  occur  naturally  as 
ethereal  salts  in  vegetable  oils. 

(1885)  Properties.— In  addition  to  the  ordinary  reactions 
characteristic  of  all  compounds  containing  the  group  COOH,  the 
acids  of  the  acrylic  series  are  capable,  like  the  hydrocarbona  of 
the  olefine  series  from  which  they  are  derived,  of  uniting  with 
the  haloid  acids  and  halogens  to  form  haloid  derivatives  of  the 
corresponding  acids  of  the  acetic  series,  thus  : 


CH,  =  CH.COOH-|.HI  =  CH3I.CHg.COOH. 

Acrylic  add.  a^lodoproplonic  add. 

The  isomeric  acids^  however^  manifest  considerable  differences  in 
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thia  respect,  combiuing  with  haloid  acids,  Slc.,  with  very  unequal 
degrees  of  facility. 

a.  Some  few  of  the  acids  of  the  series  may  be  directly  con- 
verted into  the  corresponding  acids  of  the  acetic  series  by  the 
action  of  nascent  hydrogen  : 

CH3:=CH.C00H  H-  aH  =  CH3.CHj.COOH. 

Acrylio  acid.  Propionic  add. 

3.  Most  characteristic  of  the  acids  of  the  acrylic  series,  how- 
ever, is  their  behaviour  on  fusion  with  potassic  hydrate,  whereby 
they  are  always  decomposed  in  the  manner  illustrated  by  the  fol- 
lowing examples : 

CH2  =  CH.C00H    +    2KOH   =   H.COOK    +  CHj.COOH  + 

Acrylic  aeid.  Potassic  formate.  Potassic  acetate. 

H,.CH,.CH  =  CH.COOH  +  aKOH  =  2CH3.COOK  +  Hj. 

Crotonio  acid.  Potassic  acetate. 

In  other  words,  the  chain  of  carbon  atoms  is  severed  at  the  point 
of  double  union  and  the  place  of  the  C^fi^  radicle  which  is  thus 
split  off  is  supplied  by  two  atoms  of  hydrogen,  a  molecule  of  an 
acid  of  the  acetic  series  being  thereby  produced ;  the  C^Hgn  group 
which  is  separated  becomes  oxidized  and  furnishes  a  second  mole- 
cule of  an  acid  of  the  acetic  series  if  of  the  form  HgC  —  or 
CnHjn+jHCm.*  A  precisely  similar  disruption  of  the  chain  of 
carbon  atoms  results  from  the  action  of  oxidizing  agents  such 
as  nitric  and  chromic  acid,  but  when  they  are  employed,  the 
group  from  which  the  C^Hg^  radicle  is  separated  is  oxidized 
instead  of  being  hydrogenized. 

4.  Many  of  the  acids  of  the  acrylic  series  readily  undergo 
isomeric  change  and  polymerization. 

(1886)  Acrylic  Acid;  Ethylenecarboxylic  or  Methenylacetic 
Acid:  C3H^Oj,=CH2=::CH.COOH.— This  acid  may  be  formed— i. 
by  oxidation  of  acraldehyde  (acrolein,  1647) ;  2.  by  distilling 
a-hydroxypropionic  (hydracrylic)  acid;  3.  by  heating  o-iodopro- 
pionic  acid,  CHjI.CHg.COOH,  with  an  alcoholic  solution  of 
potassic  hydrate  (Erlenmeyer  and  Y.  Schneider),  or  by  distilling  it 
from  finely  pulverized  plumbic  oxide  (Wislicenus) ;  4.  by  the 
action  of  nascent  hydrogen  from  zinc  and  sulphuric  acid  on 
a/3-dibromopropionic  acid,  CHgBr.CHBr.COOH  (Caspary  and 
Tollens),  or  by  boiling  this  acid  with  an  aqueous  solution  of 
potassic  iodide  (V.  Zotta,  Ann.  Chem.  Pharm.,  cxcii.  102).  It  is 
best  prepared  either  by  oxidizing  an  aqueous  solution  of  acral- 


•  If  of  the  form  (CnH^+ J,C  ~ ,  it  woald  probably  fumub  at  least  two 
molecules  of  acid,  but  no  acids  of  the  aorylio  series  containing  radicles  of  this 
form  have  as  yet  been  examined.  ^  . 
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dehyde  with  freshly  precipitated  argentic  hydrate,  the  reaction 
being  allowed  to  take  place  in  the  cold;  or  by  distining 
a-iodopropionic  acid  with  plumbic  oxide.  The  anhydrous  acid  is 
obtained  by  heating  the  anhydrous  lead  salt  mixed  with  an  equal 
weight  of  sand  at  1 70°  (338°  F.)  in  a  current  of  hydric  sulphide^ 
the  product  being  purified  by  fractiooal  distillation. 

At  ordinary  temperatures  acrylic  acid  is  a  mobile  liquid 
having  a  pungent  and  highly  characteristic  odourj  acoording 
to  Linnemann,  it  solidifies  when  cooled  below  f  (44°'6  F-)  and 
boils  at  140°  (284®  P.).  It  is  miscible  in  all  proportions  with 
water,  and  readily  volatilizes  in  a  current  of  water  vapour.  Like 
acetic  acid,  it  furnishes  a  red  colour  with  ferric  chloride  in  neutral 
solutions,  and  also  yields  a  strongly  alkaline  solution  when  boiled 
with  an  excess  of  plumbic  oxide  (Erlenmeyer).  It  often  spon- 
taneously undergoes  conversion  into  a  white  amorphous  substance 
which  behaves  like  gum  arabic  in  water  or  alcohol  (Linnemann^ 
Ann,  Chem.  Pharm.,  clxiii.  95, 369);  this  change  is  probably  induced 
by  some  foreign  body  present  in  minute  amount  in  the  acid  (comp. 
Caspary  and  ToUens,  ibid.,  clxvii.  251).  Acrylic  add  slowly 
combines  with  nascent  hydrogen  from  zinc  and  sulphuric  acid, 
forming  propionic  acid  (Linnemann,  ibid.,  clxxL  292).  By 
heating  sodic  acrylate  with  an  aqueous  solution  of  sodic  hydrate 
at  100°  (212°  P.),  the  elements  of  a  molecule  of  water  are  assimi- 
lated, sodic  a-hydroxy propionate  being  produced  (comp.  1799). 
Acrylic  acid  readily  unites  with  hydriodic  acid,  forming  a-iodo« 
propionic  acid,  CHgLCHj-COOH  ( Wislicenus) ;  the  corresponding 
brorao-acid  is  obtained  by  its  union  with  bromine,  but  according 
to  Linnemann  {tbid,,  clxiii.  96),  the  chloro-acid  produced  by 
combining  it  with  hydrochloric  acid  has  a  lower  melting  point 
(40°-5  C.)  than  that  obtained  by  the  action*  of  chlorine  on  a-iodo- 
propionic acid  (58°  C).  It  very  readily  unites  with  bromine, 
and  forms  a/3-dibromopropionic  acid,  much  heat  being  developed. 
When  fused  with  potassic  hydrate,  it  furnishes  a  mixture  of 
potassic  formate  and  acetate  (Erlenmeyer,  ibid.,  cxci.  376) ;  it 
does  not  yield  acetic  acid,  however,  when  merely  oxidized  by 
treatment  with  reagents  such  as  nitric  or  chromic  acid 
(Linnemann). 

Aorylates. — Sodie  aciylate,  CflfiJSt^  is  an  indistinctlj  crystalline  wbiie 
salt,  very  slightly  soluble  even  in  boiling  anhydrous  alcohol,  but  extremely 
soluble  in  water.  Plumbic  acrylate,  (0,H30,),Pb|  the  most  oharacteristio  salt 
of  the  acid,  crystallizes  very  readily  in  long  glistening  needles,  easily  soluble  in 
water.  Argentic  acrylate,  Cfifi^,  the  least  soluUe  of  tiie  acrylates,  alao 
crystallizes  in  fine  glistening  needles ;  it  is  scarcely  decomposed  by  boiling  its 
aqueous  solution. 
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Ethereal  salts  of  acrylic  acid  have  not  been  prepared  from  the  aoid  itself,  but 
by  treating  the  o/S-dibromopropionates  with  nascent  hydrogen  (Caspary  and 
ToUens,  loccit,).  Meth^lic  ocrylaUfG^fi  ,Q11^,  is  a  highly  pungent  bat  not  un- 
pleasant smelling  liquid,  boiling  at  80® — 85  (i  76^ — 185°  P.).  Ethylic  aerylate^ 
C,H,0,.H^,  also  possesses  a  most  penetrating  pungent  odour,  and  boils  at  102*^ 
(2 15°-6  F.).  Allelic  acrylate,  C,H,0,.C,H^,  is  a  liquid  of  unpleasant,  pungent 
odour;  it  boils  at  119° — 124**  (246°-2 — 255°*2  P.),  but  on  distillation  after  a 
porcion  has  passed  over  the  residue  suddenly  becomes  a  jelly-like  mass ;  on  raising 
the  temperature,  however,  the  whole  passes  over.  This  polymerization  also 
gradually  takes  place  at  ordinary  temperatures,  especially  in  sunlight,  a  hard 
transparent  mass  being  formed. 

(1887)  Acids  of  the  fo&mula  CgH5.C00H. — No  less  than 
three  of  these  are  known — ^yiz.^  crotonic  acid,  isocrotonic  acid, 
and  methacrylic  acid. 

Crotonic  acid;  a-methacrylic  cusid:  CH,.CHli:CH.COOH. — Crotonic 
acid  is  formed — 1.  by  oxidation  of  crotonic  aldehyde  (1650)  ;  2.  by  dry  distil- 
lation of^-hydroxybutyric  acid  (Wislicenus,  1807);  3.  by  heating  the  bromobutyric 
acid  CH,.CH,.CHBr.COOH,  with  water  or  alkalies  (1770);  4.  by  the  action 
of  nascent  hydrogen  on  a-chlorocrotonicacid';  5.  by  heating  isocrotonic  acid;  and 
6.  by  digesting  allylic  iodide  with  an  alcoholic  solution  of  potassic  cyanide,  and 
decomposing  the  resulting  cyanide  by  boiling  with  alkali.  The  formation  of 
crotonic  acid  by  this  last  method  involves  an  isomeric  change,  since  allylic  iodide 
has  the  formula  CH^CH.CHJ  (Eekul6  and  Riune,  Deut.  chem,  Ges,  Ber,, 
vi.  386) ;  Pinner's  experiments  (ibid,,  xii.  2053)  indicate  that  this  cliange  is  the 
result  of  the  formation  of  hydroxybutyric  acid  by  the  addition  of  the  elements 
of  a  molecule  of  water  to  the  acid  formed  by  the  mere  displacement  of  tiie  iodine 
in  allylic  iodide  by  carboxyl,  and  the  subsequent  reversal  of  this  reaction : 
CH3.CH(0H).CH,.C00H  =  CH3.CH=CH.C00H.0H.. 

Crotonic  acid  crystallizes  in  monoclinic  prisms,  melting  at  72**  (i6i°'6  P.), 
easily  soluble  in  water;  it  boils  at  189°  (372**'2  P.)  (Kekul^,  Ann,  Chem. 
JPAarm,,  clxii.  hi).  By  the  action  of  nascent  hydrogen,  it  is  very  slowly  con- 
verted into  butyric  acid  (Bulk).  On  fusion  with  potassic  h3^drate,  it  yields  two 
molecules  of  potassic  acetate,  but  on  oxidation  with  either  nitric  or  chromic  acid, 
it  furnishes  only  a  single  molecule  of  acetic  acid,  together  with  oxalic  acid  or  the 
products  of  the  further  oxidation  of  this  acid  (Kekul^).  It  readily  combines 
with  hydriodic  and  hydrobromic  acids,  forming  mixtures  of  isomeric  monohaloid 
bntyric  acid  derivatives  (Alberti,  Deut,  chem.  Ges.  Ber,,  ix.  11 94). 

Argentic  crotonate,  C^H^O^Ag,  is  very  difficultly  soluble  in  cold  water  and 
much  less  soluble  than  argentic  acetate  in  boiling  water. 

Isocrotonic  or  quartenylic  add  is  obtained  by  the  action  of  nascent 
hydrogen  on  the  chlorocrotonic  acid,  melting  at  j9^'5  (i39°*i  P.),  prepared 
firom  ethylic  acetoacetate.  It  is  a  colourless  oily  liquid,  of  pungent  odour  recall- 
ing that  of  butyric  acid;  it  boils  at  172°  (34i*'6  P.),  and  at  25°  (77**  F.) 
has  the  sp.  gr.  1*018.  It  is  miscible  with  water  in  all  proportions  (Geuther, 
Jour,  pr,  Chem,  [2],  iii.  441).  When  distilled,  it  is  partially  converted 
into  the  solid  isomeride  above  described;  the  same  change  takes  place  to  a 
greater  extent  on  heating  it  in  sealed  tubes  at  170^ — 180^  C.  (Hemilian,  Ann. 
Chem.  Bharm,,  dxxiv.  330),  but  the  conversion  is  never  complete  (Alberti, 
Deut,  chem*  Ges.  Ber,,  ix.  11 94).  It  combines  with  the  haloid  acids,  and 
apparently  yields  only  a  single  product;  on  heating  the  compound  which  it 
forms  with  hydrobromic  acid  with  water,  solid  crotonic  acid  is  obtained  (Alberti). 
On  fusion  with  potassic  hydrate  it  behaves  in  precisely  the  same  manner  as  solid 
crotonio  add ;   it  is   readily  oxidized  by  a  cold  solution   of   potassic  perman- 
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ganate,  yielding   acetic,  oxalic  and  carbonic  acids  (Hemilian).     A  naoibeT  of 
isocrotonate*  have  been  described  by  Geuther. 

Isocrotonic  acid  is  usually  represented  by  the  formula  CH^ZlCH.CH,.COOH 
as  it  is  isomeric  with  solid  crotonic  and  jd-methacrylic  acids,  and  there  are  only 
three  acids  of  the  composition  C,Hg.COOH  possible  according  to  oar  present 
theory.  An  acid  of  this  formula,  however,  should  furnish  formic  and  propionic 
acids,  and  not  acetic  acid  on  fusion  with  potassic  hydrate.  In  order  to  overcome  this 
difficulty,  Hemilian  suggests  that  the  isomeric  change  which  has  been  shown  to 
take  place  on  heating  also  occurs  when  the  acid  is  fused  with  potassic  hydrate :  bat 
apart  from  the  fact  that  the  conversion  into  the  isomeric  acid  is  not  complete  even 
aher  prolonged  heating  (Alberti),  the  observation  that  abnormal  products  are 
also  obtained  when  the  oxidation  is  effected  without  the  aid  of  heat  by  perman- 
ganate appears  not  to  harmonize  with  this  explanation.  It  is,  in  fact,  by  no 
means  improbable  that  crotonic  and  isocrotonic  acids  afford  another  instance 
of  the  insufficiency  of  our  present  system  of  formulating  isomerides :  in  other 
words,  that  both  must  be  represented  by  the  same  formula. 

Methacrylic  acid ;  fi-methacrylic  acid :  CH  —  C(CH3).C0OH.— This  add 
was  first  obtained,  although  not  in  a  pure  state,  by  Frankland  and  Duppa,  by 
the  action  of  phosphorous  chloride  on  ethylic  hydroxydimethaoetate  (dimeth- 
oxalate,  1806),  &c.,  thus: 

C(CH,),.OH  C(CH,),a 

3  I  +  PCI,  =  31  +  PO.H, ; 

COOC,H^  COOC,H, 

CH,.CC1(CH,).C00C,H.  =  CH,nC(CH,).COOC,H,  +  HCJ. 
Its  formation  in  this  manner  has  recently  been  further  studied  by  Paul   {^Ann. 
Chem^  Pharm.,  clxxxviii.  52).      It  is  also  produced  by  boiling  with  alkali  the 
chloropyrotai'taric  acids  obtained  by  combining  citra-   and  mesaconio  acids   with 
hydrochloric  acid  (Prehn,  t5i^.,42). 

0-Methacrylic  acid  is  easily  soluble  in  water,  especially  if  warm,  and  crystal- 
lizes from  it  in  long  glistening  prisms  which  melt  at  16°  (6o°'8  F.) ;  it  boils 
at  160^  (3^^^^  ^O'  ^^^  when  distilled  a  small  portion  is  always  converted  into 
an  amorphous  (P)  polymeride  (Prehn).  Its  calcic  and  silver  salt  both  crystal- 
lize well,  but  the  baric  salt  is  amorphous ;  the  ethylic  salt  is  converted  into  a 
transparent,  jelly-like  substance  when  heated  (Paul).  It  is  readily  converted 
into  isobutyric  acid  when  submitted  in  cold  aqueous  solution  to  the  action  of 
sodium  amalgam,  whereas  the  isomeric  acids  are  not  in  the  least  affected  even 
at  100^  (212°  F.).  On  fusion  with  potassic  hydrate,  it  furnishes  a  mixture  of 
formate  and  propionate  (Frankland  and  Buppa).  It  combines  with  hjdriodie 
acid,  forming  a  crystalline  dimethiodacetic  acid  (Paul). 

(1888)  Acids  of  the  formula  C^H7.C00H. — Pour  of  these 
acids  are  known :  a'-dimethacrylic  acid^  a/3-dimethacryIic  or 
methylcrotonic  acid^  angelic  acid  and  allylacetic  acid. 

a-IHmethaerylie  acid :  (CH,),CzzCH.COOH.— This  acid  is  produced  from 
the  hydroxyisopropacetio  acid  of  the  formula  (CH,),C(OH).CH,.COOH,  ob- 
tained by  oxidizing  isopropaoetic  acid  with  potassic  permanganate,  by  distilling  it 
with  sulphuric  acid.  It  crystallizes  in  monoclinio  prisms,  melting  at  70° 
(158°  F.)  (Miller,  Deut,  chem,  Ges,  Ber,,  xi.  1526,  2216  ;  xii.  1542). 

a^Dimethacrylic,  methylcrotonic  or  ti^lic  acid :  CHj.CHziC(CH,).COOH. 
— ^The  researches  of  Geuther  and  Frohlich  and  of  Schmidt  and  Berendes 
{Ann.  Chem,  Pharm,,  cxci.  94)  have  shown  that  this  acid  occurs  as  glyceric 
salt  in  croton  oil,  the  oil  distilled  from  the  seeds  of  Croton  tifflimm.     Sthereal 
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Baits  derived  from  it  are  also  present  in  oil  of  chamomile-flowers  (Anthemis 
nohilis)  (Fittig,  Eopp,  and  Kobig,  ibid,,  cxcv.  8i,  92) ;  and  it  maj  be  obtained 
by  aaponification  of  ceradine  and  cevadilline,  two  alkaloids  extracted  from  the 
seeds  of  Veratrum  sahadilla  (Wright  and  Luff,  Jour,  Chem,  Soc,  1878,  338). 
It  may  be  produced  by  heating  ethylic  methethhydroxy acetate  (1807)  with 
phosphorous  trichloride,  <&c.  (Frankland  and  Duppa) ;  by  dry  distillation  of 
a-methyl-)3-hydroxybutyrio    acid    (Rohrbeck) ;    and   by  heating  angelic    acid 

(q-v.). 

a/3-Dimethacrylic  acid  crystallizes  in  triclinic  prisms,  melting  at  64^*5  (i48°*i 
F.)i  and  boils  at  i98°-5  (s^g^^'S  F.).  It  is  difficultly  soluble  in  cold  water,  but 
more  soluble  in  hot,  and  volatilizes  very  readily  in  a  current  of  steam.  It  is 
not  altered  by  the  action  of  nascent  hydrogen  from  sodium  amalgam  and  water. 
On  fusion  with  potassio  hydrate,  it  yields  a  mixture  of  potassic  acetate  and  pro- 
pionate. It  readily  combines  with  hydrobromic  acid,  forming  a  bromovaleric 
acid,  probably  CHj.CHj.CBr(CH,).COOH,  which  crystallizes  in  large  mono- 
clinic  prisms,  melting  at  86°  (i  86^*8  F.)  ;  this  acid  is  reduced  by  nascent 
hydrogen,  and  converted  into  a  valeric  acid,  which  is  probably  methethacetic 
acid  (p.  831);  when  boiled  with  water,  it  is  for  the  most  part  reconverted 
into  a/3-dimethacrylic  acid  and  hydrobromic  acid :  a  portion,  however,  is  re- 
solved into  a-dimethylethylene,  CHj.CHzzCH.CHj,  carbonic  anhydride  and 
hydrobromic  acid,  and  it  almost  entirely  decomposes  in  this  manner  if  boiled  with 
a  solution  of  sodic  carbonate.  It  unites  with  hydriodic  acid,  forming  an  iodovaleric 
acid— probablyCH,.CH3.CI(CH,).COOH— melting  at  86°-5  in  (i87°7  F.)which 
i»  easily  converted  into  valeric  acid  by  reduction.  It  somewhat  slowly  combines 
with  bromine,  forming  di bromovaleric  acid,  CHg.CHBr.CBr(CH,).COOH  ;  this 
latter  acid  melts  at  86°*5  (i87°7  F.) ;  it  readily  dissolves  in  a  cold  solution  of 
sodic  carbonate,  but  in  a  very  short  time  the  liquid  becomes  turbid,  owing  to 
the  sep{uration  of  bromobutylene :  C,H,BrjOjNa  =  C^H^Br  +  CO^  +  NaBr  (comp. 
Schmidt  and  Berendes ;  Fittig,  Kopp,  Kobig,  and  Pagenstecher,  loc,  cit  ; 
Schmidt,  Deut.  chem.  Ges.  Ber,,  xii.  252). 

Angelic  Acid, — This  acid  was  originally  obtained  from  the  root  of  the 
archangel  {Angelica  archangelica) ;  it  has  since  been  procured  from  sumbul 
root  (Euryangium  sumbul) ;  from  the  oil  distilled  from  the  flowers  of  the 
common  chamomile;  from  peucedanine,  a  neutral  substance  contained  in  the 
root  of  masterwort  (Imperatoria  oetruthium) ;  and  from  laserpitin,  a  bitter 
principle  extracted  from  the  root  of  Laserpitium  latifolium.*  It  is  best  pre- 
pared from  archangel  root   (comp.  Meyer  and  Sinner,  Ann.  Chem,  Tharm., 

Iv.  317).  . 

Angelic  acid  crystallizes  in  large  transparent  monoclinic  prisms,  melting  at 
45°  (113°  F.),  difficultly  soluble  in  cold,  but  easily  in  hot  water;  it  boils  at 
185^  (365^  F.),  but  on  distillation,  a  certain  amount  undergoes  isomeric  change 

*  The  nature  of  the  substances  in  archangel  and  sumbul  roots  which  furnish 
angelic  acid  when  decomposed  by  alkali,  &c.,  is  not  known.  Chamomile  oil, 
according  to  Demar^ay  (  Compt.  Send.,  Ixxvii.  360),  chiefly  consists  of  butylic  and 
amylic  angelate  and  valerate,  but  according  to  the  more  recent  researches  of 
Fittig  and  Kobig,  who  have  examined  specimens  obtained  at  very  different 
times,  it  consists  of  isobutylic  isobutyrate,  isobutylic  angelate,  and  the  isoamylic, 
isohexylio  and  anthemylic  salts  of  angelic  and  aj3-dimethacrylio  acids,  and  does 
not  contain  an  appreciable  amount  of  valeric  compounds  (comp.  Schmidt, 
loc.  cit.).  Peucedanine  has  the  composition  C^jH^^O,,  and  yields  potassio  angelate 
and  oreoselin,  C^H^O,,  on  saponification  with  potassio  hydrate.  Laserpitin  has 
the  formula  Cj^H^O,,  and  yields  potassio  angelate  and  laserol  Cj4H^0^  when 
similarly  treated. 
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and  in  converted  into  a3-dimethacT7Hc  acid,  and  it  maj  ^  almost  entirely 
tranaformed  into  th]«  acid  by  prolonged  boiling  (for  at  leaat  40  boors),  or  bj 
the  action  of  concentrated  sulphnrio  acid  (Demarfay,  Compt.  Eend.^  IxxiiiL 
906 ;  Fittig  and  Kopp,  lac.  ait).  Angelic  acid  ia  not  altered  by  treating  ita 
Bolntion  with  sodium  amalgam ;  on  fusion  with  potaseic  hydrate,  it  foruisbea 
the  same  products  as  aiS-dimethacrylic  acid.  It  combines  with  hydrobromie 
acid,  forming  a  bromovaleric  acid  identical  both  in  physical  and  chemical 
properties  with  that  produced  in  a  similar  manner  from  a/3-dimethaciylic  add 
(q.T.),  but  whereas  the  latter  acid  furnishes  almost  the  theoretical  quantity  of  this 
bromo-acid,  angelic  acid  yields  at  most  60 — 70  per  cent.,  and  another  or  oihm 
(perhaps  isomeric)  products  are  obtained  whicdi  are  not  formed  from  the  former 
acid  (Fittig  and  Pagenstecher).  With  hjdriodic  acid  the  two  acids,  however, 
behave  somewhat  differently :  if  a  mixture  of  either  with  about  ten  times  its 
weight  of  a  solution  of  hydriodic  acid  of  sp.  gr.  i  '96  be  saturated  at  o^  (32*^  F.) 
with  hydriodic  acid  gas,  a  clear  solution  is  obtained  from  which  a  large  quantity 
of  crystals  is  deposited  after  some  hours.  Both  products  have  the  compositioii 
of  iodovaleric  acid,  C^H^IO,,  but  that  from  a^•dimethacrylic  acid  crystaHiies  in 
fine  glistening  plates  melting  at  86°*5  (187^*7  ^O*  whereas  that  from  angelic 
acid  is  obtained  in  more  compact  crystals  which  melt  at  46^  (11 4*^*8  F.), 
although  a  small  quantity  remains  unfused  until  about  76°  (i68*''8  F.).  If  a 
less  concentrated  add  be  employed,  both  these  acids  are  formed  simultaneously 
from  angelic  acid.  Both  furnish  the  same  valeric  acid  when  reduced  by  means 
of  adnc  and  dilute  8i:Jphuric  acid  (Schmidt,  Deut,  chem*  Ge$,  Ber.,  xiL  252). 
Angelic  acid  combines  with  bromine,  forming  a  crystalline  dibromovaleric  add 
identical  with  that  obtained  from  a/3-dimethacrylic  acid  (q.v.),  but  whereaa  &e 
latter  yields  almost  the  theoretical  amount  of  this  dibromo-acid,  angelic  add 
furnishes  only  about  70  per  cent,  of  the  theoretical  quantity,  an  oily  (?  isomeric) 
compound  being  also  produced.  When  submitted  to  the  action  of  nascent 
hydrogen,  the  dibromide  from  angelic  acid  is  deprived  of  its  bromine  and  com- 
pletely  converted  into  a/3-dimethacrylic  acid,  and  according  to  Demar^ay  {Compt, 
Rend,,  Ixzz.  1400)  a  nmilar  change  is  effected  on  distilling  the  dibromo-acid 
(Fittig  and  Pagenstecher,  and  Schmidt,  loc.  cit,). 

Ajsgelic  and  a/3dimetbacrylic  acids  therefore  afford  another  instance  of 
isomerism  which  cannot  be  expressed  by  our  present  system  of  notation :  the  &ct 
that  both  acids  furnish  the  same  dibromovaleric  acid  when  combined  with  bromine 
being  one  which  necessarily  involves  their  representation  by  the  same  formnla. 

Anff elates  and  €S-Difnethacrylate*, — The  salts  of  the  two  acids  differ  very 
considerably.  Calcic  angelaie,  (CgHyOj),Ca  +  20Hj,  is  much  less  soluble  in 
hot  than  in  cold  water,  and  if  a  cold  saturated  solution  be  enclosed  in  a  tube 
and  heated  in  the  water  bath  magnificent  long  needle-like  crystals  begin  to 
separate  at  a  temperature  of  35® — 40®  (95**— 104**  F.),  and  at  60® — 70*  (140** 
•—158^  F.)  the  liquid  is  entirely  converted  into  a  stiff  pasty  mass.  100  parte 
o(  solution  saturated  at  if'^  (63^*5  F.)  contain  23  pts.  of  the  anhydrous  salt 
Caleic  afi-dimethacrylate,  (C^H^O Jj,Ca  +  3OH,,  forms  white  pasty  crystals 
much  more  soluble  in  hot  than  cold  water ;  100  pts.  of  a  solution  saturated 
at  17°  (62^'6  F.)  contain  6*05  pts.  anhydrous  salt.  Baric  angelaU^ 
(C,HyO,),Ba  +  4*50H,,  is  very  soluble,  and  can  scarcely  be  obtained  in  isolated 
crystals.  Baric  afi^imeihacrylate,  (C^H^OJ^Ba  +  4OH,,  is  more  soluble  than 
the  calcic  salt,  but  much  less  soluble  than  baric  angelate ;  it  forms  small  prismatic 
crystals.  Poicusic  angelate  is  a  very  sol  able  deliquescent  salt.  Potosfic 
ap'dimethacrylate  readily  crystallizes  in  bundles  of  anhydrous  needles,  and  does 
not  deliquesce.  Argentic  angelate  separates  from  boiling  water  in  feathecy 
crystals ;  argcTUic  afi-4imetkacrylate  is  a  similar  salt,  but  leaa  soluble  (fittig 
and  Eopp). 
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Allylacetie  acid,  C.H^.CH^.COOH,  is  a  colourless  oil,  boiHhg  at  182* 
(359°'6  F.)  (Zeidler,  Ann.  Chem.  Pkarm.,  dxxxvii.  30). 

(1889)  Acids  op  thb  formula  CjH,.COOH. — Three  of  these 
acids  are  known — hydrosorbic  acid,  a-isopropylacrylic  or  pyro- 
terebic  acid,  and  a-methyl-/3-ethacrylic  or  ethylcrotonic  acid. 

Hydrosorbic  or  (?)  a-propylacrt/lic  acid,  C^H^.COOH,  is  readily  obtained 
by  digesting  an  aqaeoas  solution  of  sorbic  acid,  C,H,.COOH,  at  the  ordinary 
temperature  with  sodium  amalgam.  It  is  liquid  even  at  —  18®  (  —  4**  F.),  and 
at  19°  (66°'2  F.)  has  the  sp.  gr.  '969;  it  boils  at  loS^^'S  (406^4  F.);  it  is 
only  slightly  soluble  in  water,  but  easily  dissolves  in  alcohol  and  ether.  Hydro- 
sorbic acid  is  not  altered  by  nascent  hydrogen;  on  fusion  with  potassie 
hydrate,  it  yields  a  mixture  of  potassie  acetate  and  normal  butyrate.  It  com- 
bines with  bromine  with  great  readiness,  forming  a  non-crystuUinedibromooaproia 
acid,  C,H^Br,.COOH,  which  yields  sorbic  acid  on  treatment  with  an  alcoholic 
solution  of  potassie  hydrate,  but  which,  if  heated  with  water  at  100®  (212®  F.),i8 
converted  into  bromohydrosorbic  acid,  which  then  gradually  decomposet*,  partly 
into  sorbic  and  partly  into  hydroxyhydrosorbic  acid.  It  also  very  readily  unites 
with  hydrobromic  and  hydriodio  acids,  forming  liquid  bromo-  and  iodocaproio 
acids,  which  furnish  normal  caproic  acid  on  reduction.  The  bromo-acid  yields 
hydrosorbic  and  hydroxycaproic  acid  when  decomposed  by  water  or  sodic  carbon- 
ate solution  (Fittig  and  Barringer,  Ann,  Chem.  j^^arm.,  clxi.  309;  Eachel  and 
Fittig,  ibid,,  dxviii.  289;  Fittig  and  Mielck,  ibid.,  clxxx.  52;  Fittig,  Stahl, 
Landsberg  and  Engelhorn,  ibid,  cc.  42,  93;  Menschutkin,  Deut  chem,  Get. 
•Ber.,  xiii.  163). 

a- Isopropjjff acrylic  or  pyroterebie  acid,  CgH^^.CH  ~  CH.COOH,  is  pro- 
duced by  dry  distillation  of  terebic  acid.  According  to  recent  experiments  of 
Bredt  and  Fittig  (ibid.,  cc.  58,  259),  however,  the  product  thus  obtained  is  not,  • 
as  has  been  supposed,  the  pure  acid,  but  a  mixture  of  a  relatively  small  quantity 
of  the  acid  with  a  dehydro  compound — so-called  lactone  (see  couraarin) — of  the 
formula  CJ^H^^O,.  If  it  be  dissolved  in  water,  the  solution  digested  with  excefli 
of  calcic  carbonate,  then  distilled,  and  the  dintillate  saturated  with  potassie  car- 
bonate, the  lactone  separates  as  an  oily  layer.  The  acid  is  obtained  on  evapo- 
rating the  residue  from  the  retort  and  treating  the  resulting  salt  with  hydro- 
chloric acid,  when  it  separates  as  an  oil  much  less  soluble  in  water  than  the 
lactone. 

The  lactone  is  a  colourless,  perfectly  neutral  liquid,  easily  soluble  in  water;  it 
boils  at  206°  (402**'8  F.).  When  boiled  with  a  concentrated  solution  of  baric 
hydrate,  it  is  convertci  into  baric  hydroxy isocaproate. 

Pyroterebic  acid  appears  to  combine  with  gaseous  hydrobromic  acid  to  form 
a  crystalline  bromisocaproic  acid ;  but  the  aqueous  acid  at  once  converts  it  into 
the  lactone.  With  bromine,  it  forms  a  dibromisocaproic  acid  melting  at  99* 
(2IO*-2   P.). 

a-Methyl-P-ethacrylic  or  ethylcrotonic  acid,  CH,.CHz:C(C,Hj).COOH, 
is  produced  as  ethylic  salt  by  distillino  ethylic  diethhydroxyacetate  (diethoxalate) 
with  phosphorous  trichloride  (Frankland  and  Duppa ;  comp.  Fittig  and  Howe, 
ibrid.,  cc.  21).  It  crystallizes  very  readily  in  large  square  prisms,  very  slightly 
soluble  in  water,  melting  at  about  4i**(io^***8  F.),  and  sublimes  even  at  ordinary 
temperatures;  it  boils  at  209°  (408^*2  F.).  On  fusion  with  potassie  hydrate, 
it  yields  a  mixture  of  potassie  acetate  and  normal  butyrate.  It  combines, 
although  very  slowly,  with  hydrobromic  acid  when  treated  with  a  very  concen- 
trated aqueous  solution  of  the  acid.  The  resulting?  bromodiethacetic  acid  melts 
at  25**;  on  reduction,  it  yields  an  acid  which  is  probably  diethacetio  acid;  when 
heated  with  water  at  100^  (212^  F.)»  it  is  for  the  most  part  decomposed  intp 
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•thylcroionio  acid  and  hydrobromic  add ;  but  if  it  be  diasoUed  in  wmter,  and 
a  slight  exoetia  of  sodic  carbonate  be  then  added,  the  resulting  aodic  salt 
rapidly  decomposes  chiefly  into  amylene  (b.  p.  36**  C.)>  carbonic  anhydride,  and 
aodic  bromide.  The  dibromo-acid  formed  by  combining  ethylcrotonic  add  with 
bromine  (m.  p.  80*^*6  C.)  behaves  similarly  (Fittig  and  Howe). 

Each  of  the  three  acids  above  described  furnishes  characteristic  salta. 

Adda  which  very  dosely  resemble,  if  they  are  not  identical  with,eUiy1orotanio 
and  pyroterebic  acids  respectively,  have  been  obtained  by  Pinner  and  Lager- 
marok  (oomp.  Deui,  ckem.  Ges,  Ber,,T.  1052;  ziL  854). 

(1890)  Higher  Acids  of  the  Acrylic  Series. — Our  know- 
ledge of  the  acids  containing  more  than  six  atoms  of  carbon  is 
extremely  imperfect,  oleic  acid  being  the  only  one  to  which  even 
a  moderate  amount  of  attention  has  been  paid. 

Teraerylie  acid,  C,Hj,0,. — This  acid  (j  877)  is  a  colourless  liquid  of  peculiar 
not  unpleasant  odour,  boiling  at  216** — 218®  (420°'8 — 424**'4  F.).  Ita  cakie 
salt^  (CyHj,0,)^Ca  +  5OH,,  is  easily  soluble  in  water,  and  crystallizea  in  long 
transparent,  efflorescent  needles.  Like  many  other  acids  of  the  series,  teracrylie 
acid  readily  undergoes  isomeric  change  under  cei'tain  circunistances,  especially 
on  heating  its  potassic  salt  with  a  concentrated  potassic  hydrate  solution  on  the 
water-bath :  the  isomeride  has  a  c}  niene-like  odour,  and  furnishes  a  caldc  salt 
crystallizing  in  long  needles,  less  soluble  in  hot  than  in  cold  water  (Kratft,  Demi, 
ckem.  Ges,  Ber,,  x.  1659). 

Damaluric  acid,  (?)  C^Hj^O,,  according  to  Stadeler  {Ann,  Ckem,  Pkarm,, 
IxxT.  27),  is  a  volHtile  acid  present  in  cows'  and  horses'  urine  (comp.  Werner, 
2kUt.  Ckem,  [2],  ir.  413). 

Moringic  acid,  (?)  Cj^H^^Oj, — According  to  Walter  (Ann,  Cliem,  Pkarm.,  h. 
271),  this  acid  is  obtnined,  together  with  palmitic  and  other  acids  of  the  aoetie 
series,  by  the  saponification  of  oil  of  ben  {Moringa  Nux  Beken). 

Cimicic  acid,  C^Jl^fi^,  occurs  in  the  free  state  in  Skaphigaater 
jmncUpennis,  an  insect  of  the  order  Cimex.  It  is  a  crystalline  substance  of 
peculiar  rancid  odour,  melting  at  44°  (iii*'*2  F.),  insoluble  in  water  (CSaiios, 
ibid,,  cxiv.  147). 

SyjiogcBic  acid,  C^oH^O,,  is  obtained  on  saponification  of  oil  of  earth-out 
(Arackis  kypogaa)  (Gossmann  and  Sheven,  ibid,,  xciv.  230 ;  xcix.  305),  and 
is  perhaps  identical  with  physetoleic  acid  from  sperm  oil  (Schroder,  exliii. 
22 ;  Hofstadter,  ibid.,  xci.  177)-  HypogaBic  acid  crystallizes  in  colourless  needles, 
melting  at  34°  (93°* 2  F.);  it  gradually  oxidizes  on  exposure  to  the  air.  On 
treatment  with  nitrous  acid,  or  when  heated  with  nitric  acid,  it  is  converted  into 
gaidic  acid,  a  body  of  the  same  empirical  composition,  and  probably  of  the  same 
molecular  weight.  Gaidic  acid  melts  at  39°  (io2°*2  F.),  and  does  not  oxidize  on 
exposure  to  the  air.  Hypoj^seic  acid  decomposes  on  distillation,  being  partially 
conrerted  into  sebacic  acid.  CjlIj,(COOH)j ;  gn'idic  acid  may  be  volatilized 
unchanged.  Physetoleio  ncid  is  said  to  melt  at  30°  (86°  F.).  Both  hypogcaio 
and  gaidic  acids  combine  with  a  single  molecular  proportion  of  bromine. 

Oleic  acid,    Cj^H  0,.— The    normal     glyceride   of    this    acid   {olein)* 


•  The  oils  which  contain  principally  glyceric  oleate  belong  to  the  class  of 
non^drying  oils ;  the  so-called  drying  oils,  such  as  hemp,  linseed  and  poppy  oils, 
chiefly  consist  of  the  glyceride  of  linoleic  acid.  This  acid  is  said  to  have  the 
formula  C^H^Oj,  and  would  seem  therefore  to  bear  a  very  simple  relation 
to  hypogseic  and  palmitic  acids ;  but  at  present  even  ita  composition  cannot 
be  regarded  as  established. 
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C,H^(O.Cj^H^O,),,  18  present  in  most  natural  fats  and  fatty  oils,  being  espedully 
abundant  in  the  latter;  it  was  discovered  bj  Chevreul  in  181 1.  but  fintt 
obtained  pure  by  GU)ttlieb,  who  established  its  formula,  in  1846.  To  prepare 
pure  oleic  acid,  an  oil  rich  in  olein,  such  as  olive  or  almond  oil,  is  saponified 
with  potassio  or  sodic  hydrate ;  or  the  crude  oleic  acid  obtained  as  a  bye- 
product  in  the  manufacture  of  stearic  acid  is  treated  in  a  similar  manner ; 
the  resulting  salt  is  decomposed  by  dilute  hydrochloric  acid,  and  the  sepa- 
rated mixture  of  fatty  acids  is  digested  for  some  hours  at  100°  (212°  F.) 
with  finely  powdered  plumbic  oxide,  sufficient  of  the  latter  being  used  to  saturate 
only  the  greater  part  of  the  oleic  acid.  The  mixture  of  lead  salts  thus  obtained 
is  extracted  with  cold  ether,  which  dissolves  only  the  oleate,  leaving  the  salt  of 
<  the  solid  fatty  acid  undissolved.  The  ethereal  liquid  is  shaken  with  an  excess 
of  hydrochloric  acid,  and  the  upper  layer  is  then  separated  and  the  ether 
removed  by  distilUtion.  The  acid  thus  prepared  is  still  contaminated  with 
products  of  oxidation  and  colouring  matter,  to  separate  which  it  is  cooled  down 
to  about  *  7^  (19^*4  F.),  when  it  solidifies  to  a  crystalline  mass,  which  is  presRed 
between  folds  of  bibulous  paper,  or  drained  on  a  vacuum  filter ;  by  repeatedly 
melting,  cooling,  and  pressing  the  crystallized  portion,  at  last  with  the  addition  of 
a  little  alcohol,  the  impurities  are  completely  removed. 

Oleic  acid  crystallizes  from  alcohol  in  brilliant  white  needles,  melting  at 
14^(57^*2  F.);  it  is  insoluble  in  water,  but  very  soluble  in  alcohol  and  ether. 
The  solid  acid  does  not  alter  on  exposure  to  air,  but  the  liquid  acid  rapidly 
absorbs  oxygen,  acquiring  a  yellow  colour  aud  rancid  odour.  It  volatilizes  in  a 
vacuum  almost,  if  not  entirely,  without  decomposition ;  but  when  distilled  in  the 
ordinary  manner,  it  breaks  up  into  lower  acids  of  the  acetic  series,  sebacic  acid, 
and  hydrocarbons.  On  oxidation  with  nitric  arid,  it  yields  a  complex  mixture 
of  oxidation  products,  consisting  of  lower  acids  of  the  acetic  series,  succinic, 
suberic  and  azelaic  acids,  &c.  Oleic  acid  combines  with  a  single  molecular  pro- 
portion of  bromine,  forming  an  oily  dibromide,  Oj^H^Br^O,,  which  yields  oleic 
aoid  on  treatment  with  nascent  hydrogen  (Overbeck,  ibid.,  cxl.  39). 

By  the  action  of  nitrous  acid,  oleic  acid  is  converted  into  an  isomeride  of 
higher  melting  point,  eldidic  cbcid.  To  prepare  this  substance,  the  nitrous 
fumes  evolved  on  heating  starch,  sugar,  or  arsenious  anhydride  with  nitric  acid 
are  passed  for  a  few  minutes  only  into  pure  cooled  oleic  acid ;  after  some  time, 
the  elaidic  acid  crj'stallizes  out,  and  may  be  purified  by  washing  with  water  and 
crystallization  from  alcohol.  The  amount  obtained  in  this  manner  is  not  large, 
however  (Overbeck).  It  forms  fine  pearly  laminsa,  melting  at  45°  (i  13°  F.) ;  it 
distils  unchanged  in  an  atmosphere  free  from  oxygen,  but,  like  oleic  acid,  it 
gradually  absorbs  oxygen  when  in  a  fused  state.  Both  oleic  and  elaidic  acids 
yield  a  mixture  of  acetate  and  palmitate  on  fusion  with  potassic  hydrate  (Var- 
rentrapp,  ibid,,  xxxv.,  196)  :  C„H„0,+ 2KH0  =  C,,H,jK0,  +  C,H,K0,+ H,. 
Elaidic  acid  combines  with  a  single  molecular  proportion  of  bromine. 

This  mode  of  decomposition  would  appear  to  favour  the  conclusion  that  they 
are  both  acids  of  the  formula  Cj^H.^.CHlzCH.COOH  ;  but  such  an  assumption 
is  to  a  great  extent  negatived  by  the  observation  that  steaiolic  acid  (191 4) — 
which  is  formed  by  the  withdrawal  of  two  atoms  of  hydrogen  from  oleic  acid — 
yields  stearoxylic  acid  when  oxidized,  and  that  this  latter  on  further  oxidation 
is  resolved  into  azelaic  acid,  C,Hj^(COOH)j,  and  nonylic  acid,  Cfi^^QQQi)\, 
The  most  probable  interpretation  of  this  behaviour  is  afibrded  by  assigning 
the  following  formul&e  to  these  acids : 

C,H„.C  =  C.C.H„.COOH  C,H„.CO.  CO.  C JI^^.COOH 

Stearolic  acid.  Btearoxylh  oci*. 

Metallic  Oleates. — An  alcoholic  solution  of  oleic  acid  is  said  to  be  without 
action  on  litmus.     Little  is  known  of  the  metallic  oleates,  as  it  is  difficult  to 
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'prepare  them  in  ft  pare  state  on  account  of  the  tendency  of  oleic  acid  to  form 
acid  and  baisic  as  well  as  normal  salts.  The  alkali  metal  salts  only  are  soluble 
in  water ;  the  others  are  soluble  in  alcohol,  and  some  also  in  ether.  Baric  oleaie, 
(CjjHjjO,),Ba,  separates  from  a  boiling  alcoholic  solution  on  cooling  as  a  balky 
white  cryf^talline  powder. 

The  salts  of  ela'ldic  acid  crystallize  more  readily,  the  sodio  salt  separatiiig 
from  alcohol  in  large  glistening  plates. 

Oleins, — The  only  ethereal  salts  of  oleic  acid  which  hare  been  inrestigated 
are  the  glyceric  oleates  or  oleins,  which,  as  Berthelot  has  shown,  may  be  pre- 
pared by  heating  glycerin  with  oleic  acid  at  200® —  240°  (392° — 464**  F.),  bat  it 
irt  scarcely  possible  to  obtain  any  of  them  in  a  pure  state ;  they  are  represented 
by  the  following  form  also : 

^•"«  i  OH  ^i^*  t  O.C>;;0.         ^'^^  1  O.C„H„0, 

OH  OH  O.C\,H^O, 

Monolein.  IMolein.  Trioleiii. 

Only  triolein  (olein)  appears  to  oocar  naturally.  By  treatment  with  nitrous 
acid,  this  compound  is  concerted  into  the  isomeric  elaidin,  which  melta  at 
32'' — 38*  (89®*6 — ioo°'4  R),  olein  being  liquid  at  temperatures  above 
o^  (32^  F.). 

Doeglic  add,  ^ifi%fir  —  According  to  Scharling  {ibid.,  xcri.  236; 
Jahresh.y  1847 — 4^»  5^7)»  ^^  ^*1  ^^^  ^^®  doegling,  or  bottle-nosed  whale, 
contains  an  ethereal  salt  of  this  acid,  analogous  to  spermaceti ;  the  acid  itaelf  is 
very  similar  to  oleic  acid. 

Brauic  or  Erwic  acid,  ^^J^^ — ^The  glyoeride  of  this  acid  is  the  chief 
constituent  of  rape  or  colza  oil,  the  oil  expressed  from  the  seeds  of  Brassiea 
rampestrit,  var.  oleifera,  and  also  of  the  oil  of  black  and  yellow  mustard-aeed. 
To  prepare  the  acid,  rape  oil  is  saponified  with  litharge,  and  the  resulting 
plaster  is  thoroughly  extracted  with  ether ;  the  residue,  consisting  of  plumbie 
aruoate,  is  treated  with  hydrochloric  acid,  and  the  acid  thus  formed  purified  by 
orystallization  from  alcohol  (Hausekneoht,  Attn,  Chem,  Pkarm.,  cxliii.  40).  It 
orystallizes  in  long,  thin,  brilliant  white  needles,  melting  at  33** — 34^  insoluble 
in  water,  but  very  soluble  in  ether  and  still  more  so  in  alcohol  It  grradoally 
oxidizes  on  exposure  to  the  air.  It  is  not  altered  by  nitrous  acid.  Erneic  acid 
combines  with  bromine  to  form  a  dibromtde,  which  is  converted  again  into  the 
parent  acid  when  submitted  to  the  action  of  nascent  hydrogen  (Otto,  Ann, 
Chem,Pharm,,  cxxxv.  226).  According  to  Otto,  enicic  aoid  does  not  fumiak 
any  acetate  on  fusion  with  potassic  hydrate. 

(1891)  Haloid  derivatives  op  the  Acids  op  the  Acrylic 
Series. — A  Dumber  of  these  have  been  obtained  chiefly  by 
methods  analogous  with  those  which  are  employed  in  preparing 
haloid  derivatives  of  the  olefines — i.e.,  by  withdrawing  the  elements 
of  a  molecule  of  haloid  acid  from  di-  or  more  highly  substituted 
haloid  derivatives  of  acids  of  the  acetic  series,  or  by  combining 
acids  isologous  with  the  acids  of  the  acrylic  series  with  the 
halogens  or  haloid  acids.  Demar9ay  has  prepared  several  chlori- 
nated acids  by  acting  on  methyl-  and  other  derivatives  of  ethylic 
acetoacetate  of  the  form  CH3.CO.CH(C„H^+i).COOCjH5  and 
CH3.CO.C(C^Hj^+i)2,COOCgH5    with    phosphoric    pentachloride 
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and  heating  the  product  {Compt  Rend,,  Ixxxiv.  1087).  At 
present^  however,  we  have  little  knowledge  of  any  except  those 
derived  from  acrylic  acid. 

(1892)  Chlobacbtlic  Acids;  a'Chloracrylic  octrf*  CHClZZCH.COOH, 
is  best  obtained  by  acting  on  ethy lie  trichlorolactate  (1804)  with  nascent  hydrugeu 
from  zinc  and  hydrochloric  acid ;  it  is  also  produced  when  chloralide  (1805)  is 
similarly  treated  (Wallach,  Ann,  Chem,  Pharm,,Qxd\\.  28;  Deut.  cJiem.  Ges. 
Ber,,x,  569,  2131).  It  crytallizes  in  plates  melting  at  85°  (185"'?.), 
moderately  soluble  in  water ;  when  boiled  with  a  solution  of  baric  hydrate,  it 
yields  malonio  acid  (Pinner). 

fi'Ghloracrylic  acid,  CH,IZCC1.C00H,  is  produced  on  heating  ethylic 
o^.dichloropropionate,  CH,C1.CHCI.C00C,H,,  with  a  solution  of  baric 
hydrate.  It  crystallizes  in  thin  needles  grouped  in  bundles,  which  melt  at  65'' 
(149^  F.);  when  heated  above  the  melting-point,  it  gradually  becomes  solid 
and  insoluble  in  water.  It  is  converted  into  carbacetozylic  acid  (1820)  when 
digested  in  aqueous  solution  with  argentic  hydrate  (Werigo  and  Werner,  Ibid. 
X.  1499;  Ann,  Chem.  PAarw.,  clxx.  170). 

An  acid,  which  from  its  mode  of  formation  should  possess  the  same  formula, 
is  obtained  on  boiling  the  silver  salt  of  )3'-dichloropropionic  acid  (1769)  with 
Wat«r,  but  it  is  said  to  be  liquid.  This  acid  readily  combines  with  hydrochloric 
acid,  forming  j3'-dichloropropionic  acid ;  and  by  the  action  of  na.soent  hydro<j;en  in 
acid  solution,  it  is  converted  into  propionic  acid  (Otto  and  Beckurts,  Deut  rhem, 
Ges,  Ber.y  x.  1948). 

a^'Dichloracrylic  acid,  Ca.— CH.COOH. — According  to  Wallach  (Ann. 
Chem,  Pharm.,  cxciii.  19),  this  acid  is  formed  on  reducing  chloralid  with 
nascent  hydrogen.  It  crystallizes  in  fine  needles  or  prisms,  melting  at  77^ 
(i7o°'6F.),  but  if  heated  to  above  the  melting-point  and  then  quickly  cooled 
and  again  fused  it  melts  at  64^  (i47°'2  F.).  It  is  remarkable  that  it  dues 
not  combine  with  bromine  even  at  200°  (392°  F.).  When  gently  heated  in 
aqueous  solution  ^ith  baric  hydrate,  it  is  apparently  converted  into  chlorrv 
propiolic  acid,  CCI^eC.COOH,  which,  however,  very  readily  undergoes  decom- 
position into  carbonic  anhydride  and  spontaneously  inflammable  chloracetylene 
(Deut.  chem,  Ges,  Ber.,  xii.  57).  Bennett  and  Hill  {ibid,,  xii.  655)  have 
obtained  an  isomeric  dichloracrylic  acid,  which  probably  therefore  has  the  formula 
CHCllzCCl.COOH,  by  the  action  of  alkalies  on  mucochloric  acid  (1923). 
It  crystallizes  in  very  volatile  small  rhombic  prisms,  melting  at  86°  (i86°'6  F.). 
When  boiled  with  baric  hydrate  solution,  it  behaves  in  precisely  the  same 
manner  as  the  corresponding  dibromo-acid. 

(1893)  Bbomacbylic  Acids;  a-Bromacrylic  acid,  CHBrZlCH.COOH, 
obtained  by  the  action  of  nascent  hydrogen  on  tribromolactic  chloralid  (p.  894) 
crystallizes  in  fine  needles,  melting  at  116^  (240^*8  F.).  It  combines  with 
bromine  (Wallach). 

fi'Bromacrj/Uc  acid,  CHjZlCBr.COOH,  prepared  from  /3'-dibroir --pro- 
pionic  aoid,t   crystallizes  in    rectangular   plates    melting   at   70**  (158°    F.) 


*  This  acid  is  usually  termed  the  /3-flcid  and  the  isomeric  acid  the  a-acid ;  it 
is  here  termed  the  a-acid  in  accordance  with  the  system  indicated  on  p.  86 1 
(loot-note),  and  as  being  a  member  of  the  a-series  of  di-derivatives  of  ethylene. 

f  In  preparing  this  acid,  an  amorphous  insoluble  colloidal  substance  of  the 
empirical  formula  C,H^O,  is  frequently  produced ;  in  fact,  the  acrylic  compounds 
generally,  are  highly  prone  to  undergo  conversion  into  bodies  of  this  kind 
(comp.  Wagner  and  Tollens,  ilid,,  clxxi.  355).  Digitized  by  GoOglc 
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(Phillipi  andTollens,  Ann.  Ckem.  Fkarm,,  dxxi,  333).  According  to  Wagner 
and  Tolleu8  (ibid.,  olxxi.  340),  aiS-dibromopropionio  acid  yielda  a  bromacrylio 
acid  which  resembles  that  from  the  ^'-acid  in  every  particular  except  that  the 
potassic  salt  of  that  derived  from  the  former  crystallizes  in  rhombic  tablets,  and 
the  potassic  salt  of  that  derived  from  the  latter  in  rectangular  plates.  Tha 
acidM  from  both  sources  combine  with  hydrobromic  acid,  forming  a;3Hiibiomo- 
prqpionic  acid. 

a^'Dihromacrylic  acid,  CBr^CRCOOH,  formed  by  boiling  an  aqueooa 
solution  of  tribromosuccinic  acid  (Fittig  and  Petri,  ibid,,  cxcr.  70),  and  by 
combining  bromopropiolic  acid  wiUx  hydrobromic  acid  (Hill),  crystallixes  from 
water  in  large  glistening  plates,  melting  at  86^  (i 86^*8  F.). 

afi'Dibromacrylic  acid,  CHBrZlCBr.COOH.— An  acid  which  proVaUy 
has  this  formula  is  obtained  by  decomposing  muoobromic  acid  (1923)  wHli 
baric  hydrate  solution :  C,H,Br,0,  +  OH,  =  C,H,Br,0,  +  HCOOH  (Jackson  and 
YiiW,  DeuL  ckem,  Oct,  Ber,,  xL  1674;  xi.  658).  It  orystallizes  from  ether 
ill  small  rhombic  prisms  of  the  same  melting-point  as  the  a*-acid.  By  boiling 
with  baric  hydrate  solution,  it  is  resolved  into  hydrobromic  acid  and  bromo- 
propiolic acid,  CBr^EC.COOH ;  the  latter,  however,  is  partially  converted  into 
bromacetylene  and  carbonic  anhydride,  and  partially  into  malonic  acid. 

(1894)  Haloid  bsbivatiyes  of  thb  Acids  of  ths  formula 
C^H^.COOH. — Two  isomeric  monochlorocrotonic  acids  are  obtained  by  the  actio& 
of  phosphoric  pentachloride  on  ethylic  acetoncetate  and  treatment  of  the  product 
with  water,  <&c.  (p.  910);  one  of  these  volatilizes  readily,  the  other  with  difficulty, 
in  a  current  of  steam.  The  less  volatile  or  a-ohlorocrotonic  acid  crystallizes  in 
monodinic  prisms  melting  at  94°*5  (202°'!  F.),  and  boiling  at  about  212^ 
(413*^*6  F.).  It  is  easily  soluble  in  hot  water,  alcohol  or  ether.  According  to 
Geuther,  it  loses  the  elements  of  a  molecule  of  hydrochloric  acid  when  heated 
with  potassio  hydrate  solution,  being  converted  into  tetrolic  acid  (comp.  1910). 
As  it  is  converted  into  crotonic  acid  (i  887)  by  the  action  of  nascent  hydrogen  from 
sodium  amalgam,  a-chlorocrotonic  acid  has  the  formula  CH,.CCllzCH.COOH. 

The  isomeric  /^-chlorocrotonic  acid,  termed  by  Geuther  chloroquartenylio 
acid,  is  difficultly  soluble  even  in  hot  water;  it  melts  at  59°'5  (i39°'l  F.), 
and  boiU  at  195°  (383^  F.).  On  treatment  with  nascent  hydrogen,  it  is 
converted  into  isocrotonic  acid.  It  does  not  yield  tetrolic  acid  when  treated 
with  potassic  hydrate  solution.  It  has  already  been  pointed  out  (p.  958)  that 
crotonic  and  isocrotonic  acids  probably  have  the  same  formula,  and  if  this  bo  the 
case  we  must  represent  these  two  chlorocrotonic  acids  by  the  same  formula. 

A  third  chlorocrotonic  acid  is  obtained  by  reducing  the  trichlorobutyric  acid 
formed  on  oxidation  of  trichlorotetraldehydrol  (1632 ;  Samow),  or  by  the  action 
of  potassic  cyanide  on  an  alcoholic  solution  of  the  latter  compound  ( Wallach,  ^id^ 
X.  1529).  Although  somewhat  similar  in  appearance  to  the  a-acid,  it  melta  at 
97^*5  ^'  (207^*5  F.),  and  does  not  yield  tetrolic  acid  when  submitted  to  the 
action  of  potassic  hydrate  (Kahlbaum,  ibid.,  xii.  2335;  comp.  1900). 

Chloromethacrylic  acid,  CHCllzC(CH,).COOH,  is  one  of  the  products  of 
thu  action  of  chlorine  on  citra-  and  mesaconic  acids  ( 1 898).  It  crystallizes  from 
water  in  long  colourless  needle:i  melting  at  59°  (138^*2  F.).  The  trichloro- 
butyric acid  formed  by  combining  this  acid  with  chlorine  yields  dichlorometh- 
acrylio  acid,  CCl,— C(CH,).COOH,  when  decomposed  by  alkalies  (Gottlieb, 
Morawski,  Jour,  pr,  Ckem.  [2],  xii.,  i,  369). 

Bromomethacrylic  arjid,  CHBrIzC(CH,).COOH,  is  obtained  in  a  similar 
manner  by  boiling  the  aqueous  solution  of  the  dibromo-acids  formed  by  com- 
bining citra-  and  mesaconic  acids  with  bromine  (comp.  Fittig  and  Landolt,  Ann, 
CAem,  Pkarm,,  clxxxviil  84 ;  Morawski,  loe.  cit,).     It  cryalallizes  in  long  flat 
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needles,  melting  at  65°  (149^  ^0  ;  it  is  oonTerted  into  iflobntjric  aoid  by  the 
action  of  nasoent  hydrogen  from  sodium  amalgam.  Di-  and  tribromometbaoiylie 
acids  have  been  prepared  by  Caboars  {Ann.  Chem.  Pkarm,,  Sap.  ii.  349)* 

A  bromoorotonio  acid  is  formed  by  the  action  of  alkalies  on  the  dibromo- 
bntyris  acid  rcAulting  from  the  combination  of  crotonic  acid  with  bromine  1  at 
the  same  time,  however,  a  portion  of  the  acid  is  decomposed  into  bromopropylent, 
hydrobromic  acid,  and  carbonic  anhydride  (Korner,  ibid.,  cxxzvii.  234). 


§  Vn.     Acids  of  the  C^Hj^.,  (COOH),  Sbries. 
(1895)  The  following  terms  of  this  series  Hre  known  : 


}     C.H.(COOH). 


Haleioacid       

Fumaric  acid 

Citraconic  acid ^ 

f^Zt : : :  :  :  :  :  [  c.«*(«ooh). 

Crotaconic  acid ) 

Hydromuconio  add C^H/COOH), 

Hexahydrophthalic'acid    '.    \     .     \      \      ^t^wC^^^) 
Camphoric  acid C.HJCOOH), 

Those  of  the  formula  Cj,H2(COOH)3  and  €3114(00011)3  are  strictly 
homologous^  but  the  remaining  acids  represent  very  different 
types. 

(1896)  Fumaric  Acid:  C4HPy=COOH.CHZCH.COOH.— 
Fumaric  acid  occurs  naturally  in  a  number  of  plants^  as  Fumitory 
{FUmaria  officinalis),  Corydcdis  bulbosa,  Lichen  islandicua,  several 
species  of  Boletus,  &g.  It  is  produced  on  boiling  malic  acid  with 
fuming  hydrochloric  or  hydrobromic  acid  (comp.  1855),  but  is 
most  conveniently  prepared  by  heating  this  acid  at  about  140*^ — 
150®  (284° — 302**  F.)  for  a  considerable  time  until  water  is  no 
longer  given  off.  Werigo  and  Tanatar  have  shown  {ibid.,  clxxiv. 
367)  that  a  small  quantity  of  fumaric  acid  is  formed  together 
with  optically  inactive  malic  acid  on  heating  ethylic  a/3-dichlo- 
ropropionate  with  an  alcoholic  solution  of  potassic  cyanide. 
According  to  Carius^  "  trichlorophenomalic  acid/'  obtained  by 
the  action  of  chlorous  acid  on  benzene^  yields  fumaric  acid  when 
decomposed  by  boiling  with  baric  hydrate  solution  {Deut.  chem. 
Ges.  Ber.,  iv.  928) ;  if,  as  Krafft  has  stated  (foot-note,  p.  795), 
"  trichlorophenomalic  aoid  '*  is  none  other  than  trichloroquinol, 
this  method  of  formation  is  of  especial  interest. 

Fumaric  acid  crystallizes  in  colourless  prisms,  sparingly  soluble 
in  cold,  but  readily  in  hot  water ;  if  heated  in  a  narrow  glass 
tube,  the  greater  part  sublimes  without  melting  at  about  250* — 
a8o**(482° — 536®  F.),but  if  distilled,  it  for  the  most  part  decom- 
poses into  water  and  maleic  anhydride.     B7  heating  it  with  f  [e 
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large  quantity  of  water  at  150^  (302®  P.),  the  greater  part  k 
converted  into  inactive  malcic  acid  (comp.  p.  941);  on  the  other 
hand,  if  maleic  acid  is  heated  with  a  small  quantity  of  water  at 
1 80^  (356^  F,),  it  is  almost  completely  converted  into  fumaric  acid 
(Jungfleisch,  Bull.  Soe.  Chem.,  xxx.  147). 

(1897)  Maleic  Acid:  C^HPg=C00H.CH=CH.COOH.— 
This  acid  is  formed  together  with  fumaric  acid  on  distilling  malic 
acid  (1863) ;  and  also  on  heating  argentic  succinate  mixed  with 
sand  at  about  108^  (226^'  4  F.)  (Bourgoin).  To  prepare  the  pure 
acid,  malic  acid  is  completely  converted  into  maleic  anhydride  by 
repeated  distillation,  and  the  latter  is  then  boiled  with  water. 

'  Maleic  acid  is  easily  soluble  even  in  cold  water,  from  which  it 
crystallizes  in  oblique  rhombic  prisms  melting  at  130^  (266^  F.); 
it  decomposes  on  distillation  into  water  and  maleic  anhydride, 
Maleic  acid  exhibits  the  greatest  tendency  to  undergo  conversion 
into  the  isomeric  fumaric  acid,  this  change  taking  place  when  it 
is  heated  for  some  time  at  about  its  melting-point,  or  when  it  is 
boiled  with  dilute  nitric  or  sulphuric  acid.  If  the  finely  powdered 
acid  be  shaken  with  a  cold  saturated  solution  of  hydrobromie  add, 
it  rapidly  dissolves,  but  almost  immediately  crystals  begin  to 
separate,  and  in  a  few  minutes  the  liquid  solidifies  to  a  pasty 
mass ;  if,  after  removing  the  mother-liquor,  the  mass  of  crystals 
is  treated  with  cold  water,  a  part  dissolves,  leaving  a  residue  Of 
fumaric  acid,  that  which  has  dissolved  consisting  of  monobromo- 
succinic  acid.  Precisely  similar  results  are  obtained  with  maleic 
anhydride.  In  both  cases,  the  two  products  are  obtained  in  a 
constant  proportion  even  when  very  difierent  amounts  of  hydro- 
bromie acid  are  employed,  and  it  would  almost  appear  that  a 
compound  of  the  formula  COOH.CjHg.CO.O.CO.CjH^Br.COOH 
is  produced,  which,  however,  is  at  once  decomposed  by  pure 
water  (comp.  1855);  Fittig  and  Dorn,  Ann.  Chem.  Pharm., 
clxxxviii.  87). 

Maleic  and  fumaric  acids  readily  combine  with  nascent 
hydrogen,  being  both  converted  into  snccinic  acid;  their 
behaviour  with  bromine  aild  hydrobromie  acid  has  already  been 
described  (1855) ;  the  same  products  are  obtained  from  both  on 
electrolysis  of  solutions  of  their  potassic  salts — ^viz.,  acetylene, 
hydrogen  and  potassic  carbonate.  Fumaric  acid  is  converted 
into  fumaric  chloride,  C2Hj^(COCl)2,  by  phosphoric  pentachloride  ; 
maleic  chloride  is  not  known.  The  two  acids  differ  in  crystalline 
form,  amount  of  water  of  crystallization,  and  solubility.  Maleic 
acid  is  not  precipitated  by  argentic  nitrate,  but  a  neutral  maleate 
yields  a  white  precipitate  which  becomes  crystalline  on  standing ; 
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even  very  dilute  solutions  of  fumaric  acid,  however,  furnish  a 
white  amorphous  precipitate  of  argentic  fumarate.  Ferric  salts 
do  not  produce  a  precipitate  in  neutral  solutions  of  either  acid. 

Ethereal  salts  of  fumaric  acid  may  be  prepared  by  the  ordinary  methods  and 
by  distiilinif  the  corresponding  malates.  Methylic  fumarate  is  a  crystalline 
body ;  it  melts  at  102°  (2iS°-6  F.),  and  boils  at  192*  (377*-6  F.).  Ethylic 
fumarate  is  an  oily  liquid;  it  boils  at  218^  (4^4° *4  ^)'  ^^th  combine 
readily  with  bromine.  CoiTesponding  maleates  are  formed  by  acting  on  argentic 
maleate  with  methylic  and  etbylio  iodide  free  from  iodine.  Both  are  liquids ; 
methylic  maleate  boils  at  205°  (401®  F.);  ethylic  maleate  at  225**  (437**  F.). 
On  merely  warming  with  a  little  iodine,  they  are  readily  and  completely  con- 
verted into  the  corresponding  fumarates  (Anschutz,  Deut,  ckem.  Gee.  Ber.,  xii. 
22,  80). 

Maleic  anhydride,  C,H,(C,OJO. — Both  ma)eic  and  famaric  acid  are  con- 
verted into  this  compound  on  distillation ;  it  is  a  crystalliAe  subbtance  melting 
at  60''  (140°  F.)  and  boiling  at  196®  (384°-8  F.).  Its  vapour  density  corre- 
sponds with  the  formuU  C^H,0,  (Huebner  and  Schreiber,  Zeite.  Chem,  [2],  vii. 
712). 

(1898)  Pybocitbic  Acids. — ^No  less  than  four  isomeric  acids 
of  the  formula  CjH^(COOH)g  are  known,  three  of  which — citra-, 
ita-  and  inesaconic  add — are  obtained  more  or  less  directly  from 
citric  acid, 

Citraconie  acid,  CH,.C(COOH)— CH.COOH,  is  prepared  from  citraconic 
anhydride,  which  is  obtained  by  diHtilling  citric  acid.  Ordinary  citric  acid  is 
distilled  as  rapidly  as  possible  in  quantities  of  not  more  than  250  grams,  and  the 
oily  product  is  rectified  two  or  three  times,  the  portion  boiling  at  about  214° 
(417^*2  F.)  being  collected  apart ;  1000  grams  of  citric  acid  treated  in  this 
manner  yield  a  little  over  200  grams  of  the  anhydride*  (comp.  Fittig  and 
Landolt,  Ann.  Chem,  Pkarm.,  clzxxviii.  71).  If  the  anhydride  thus  obtained 
is  mixed  with  a  small  quantity  of  water,  it  is  soon  converted  into  a  crystalline 
mass  of  citraconic  acid.f 

Meeaconic  acid,  CH,.C(COOH)r:CH.COOH,  is  prepared  from  citraconic 
anhydride  by  boiling  down  a  mixture  of  two  parts  of  the  anh^'dride,  two  parts 
water,  and  three  parts  of  nitric  acid  of  sp.  gpr.  1*074  (one  part  ordinary  acid  and 
four  parts  water),  until  red  fnmes  are  evolved  ;  the  acid  whicli  separates  from  the 
solution  on  cooling  requires  only  to  be  once  recrystallized  from  water.  A  good  yield 
of  this  acid  may  also  be  obtained  by  evaporating  a  solution  of  citraconic  acid  in 
concentrated  hydrochloric  acid  to  a  small  bulk,  and  recr^stallizing  the  product 
from  water  (Fittig  and  Landolt). 

Itaconic  acid,  CH^C(COOH).CH,.COOH,  may  be  obtoined  in  almost 


*  Citraconic  anhydride  is  not  the  immediate  product  of  decomposition.  The 
citric  acid  is  in  the  first  place  resolved  into  water  and  aconitic  acid  ;  this  latter 
then  breaks  up  into  carbonic  anhydride  and  itaconic  add,  which,  however,  undergoes 
decomposition  and  yields  water  and  citraconic  anhydi'ide.  A  considerable  quan- 
tity of  acetone  is  also  produced,  and  even  the  citraconic  anhydride  does  not 
distil  entirely  unchanged  (see  Xeronic  acid ;   1903). 

t  According  to  £ngelhardt  (Ann.  Chem.  jPharm„\ix,  246),  a  small  quantity 
of  citraconic  acid  (anhydride)  is  produced  on  dry  distillation  of  lactic  acid.  It  is 
also  formed  in  small  quantity  by  the  decomposition  of  pyruvic  acid  (Bottinger, 
JJeut.  chem.  Qee.  Ber.,  ix.  1823).  Digitized  by  GoOglc 
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theoretical  qoantity  by  heating  pare  citraeonic  anhydride  with  2 — 3  Tolumes 
'  of  water  in  a  closed  Ycaael  for  &-^S  hours  at  150®  (302**  F.) ;  the  solution  Ib  aei 
aside  to  crystallize,  and  the  filtrate  from  the  crystals  is  afterwards  concentrated, 
and  when  it  no  longer  deposits  crystals  of  the  acid,  it  is  mixed  with  a  amaU 
quantity  of  water,  and  again  heated  as  before  (Fittig  and  Landolt). 

Citraoonicacid  crystallizes  in  large  glistening  four-sided  prisms,  melting  at  80^ 
(176^  F.),  extremely  soluble  in  water;  when  carefully  heated  in  small  quantity  at 
about  loo*^  (2I2^F.)  it  is  converted  into  itaoonic  acid,  but  on  distillation  it  is 
resoWed  into  the  anhydride  and  water.  It  appears  to  be  appreciably  Tolatile  with 
vapour  of  water ;  probably,  however,  it  does  not  voktilize  as  such,  bat  as  tJbe 
anhydride  (fittig). 

Mesaeonic  acid  crystallizes  in  fine  white  needles,  melting  at  202^  (395*^'6)> 
soluble  in  38  parts  of  water  at  14^  (57^'^  ^•)  >  ^^  sublimes  undeoomposed  at  a 
temperature  a  few  degrees  above  its  m^ting-point,  but  is  resolved  into  citraoome 
anhydride  and  water  on  distillation. 

Itaoonic  acid  crystallizes  in  rhombic  prisms,  melting  at  161^  (32 1°'8  F.),  at 
about  which  temperature  it  sublimes  unchanged,  but  it  also  is  resolved  into 
citraeonic  anhydride  and  water  on  diMtillation ;  it  dissolves  in  1 7  parts  of  water 
at  10°  (50°  F.). 

Citra-,  ita-  and  mesaeonic  acids  readily  combine  with  nascent  hydrogen,  and  on 
treatment  of  their  aqueous  solutions  with  sodium  amalgam  or  on  digesting  their 
alcoholic  solutions  with  zinc  dust,  they  are  each  converted  into  methylsuodnio 
(pyrotartaric)  acid  (1847  ;  oomp.  Bottinger,  Deut  ckem,  Ges.  Ber,,  ix.  1821), 
0H,.CH(C0OH).CH,.COOH.  They  combine  with  bromine,  however,  to  form 
isomeric  dibromo-acids  of  the  formula  C,H^Br,(COOH),  (comp.  p.  935).  The 
action  of  chlorine  is  similar  to  that  of  bromine,  but  the  resulting  dichloro-acids 
are  highly  unstable,  and  when  formed  in  presence  of  water  exchange  one-half 
their  chlorine  for  hydroxyl ;  citra-  and  mesaeonic  acids  are  thus  converted  into 
ckhrocUramalic  acid,  C,H^C1(0H)(C00H), ;  itaoonic  acid  forming  the 
iHomeric  chlwritamalic  acid.  These  same  products  appear  to  be  formed  by 
the  combination  of  the  pyrocitric  acids  with  hypochlorous  acid.  The  action  of 
chlorine  on  an  aqueous  solution  of  sodic  cicraoouate  takes  place  with  consi- 
derable energy,  much  heat  being  developed,  and  besides  chlorocitramalic  acid, 
triciilorobutjric  acid  and  trichlorucetone  are  obtained  in  considerable  quantity  as 
end-products  of  the  reaction.  Doubtless  a  part  only  of  the  dichloro-acid,  which 
iH  first  produced,  is  converted  into  chlorocitramalic  acid,  a  part  being  resolved 
into  chlorocrotonic  acid,  which  combines  with  chlorine  forming  trichlorobotyric 
acid ;  the  trichloracetone  is  probably  a  product  of  the  action  of  chlorine  on 
chlorocitramalic  acid.  Sodic  mesaconate  and  itaoonate,  which  are  attacked  with 
much  less  energy,  furnish  an  almost  pure  product*  (Morawski,  Jour,  pr.  CUm. 
[2],  vii.  158;  X.  88 ;  xi.  450 ;  xii.  369 ;  Gottlieb,  ibid,,  xiL).  Similar  bye-products 
Bpi)ear  to  be  formed  by  the  action  of  bromine  on  citraeonic  acid  in  a  neutral  or 
alkaline  solution.  The  behaviour  of  the  pyrodtric  acids  with  the  haloid  acids  has 
already  been  described  (p.  935).  When  heated  with  a  concentrated  solution  of 
potassic  sulphite,  they  all  Ibrm  the  same  sulphosalt,.  C,U^(COOK),(SO,K) 
(Wieland,  Ann,  Ckem.  Pharm,,  clvii.  34).  Concentrated  solutions  of  potaxisie 
citra-  and  mesaconate  yield  ordinary  allylene  (methylacetylene)  CH,.C^eCH,  on 
electrolysis ;  potassic  itaconate,  however,  furnishes  an  isomeric  hydrocarbon 
(allene),  which  probably  has  the  formula  CH^CzCH,,  as  it  is  incapable  of 
forming  metallic  derivatives  (Aarland,  Jour,  pr.  Chem.  [2],  vi.  256;  vii.  142). 

When  citraeonic  acid  is  heated  with  nitric  acid  (sp.  gr.  1*45),  a  violent  reaction 

*  It  would  appear  that  in  all  cases  citraeonic  acid  enters  into  reaction  with 
other  bodies  much  more  readily  than  either  mesa-  or  itaconic  acid;^  i 
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takes  place,  and  a  small  quantity  of  an  oily  prodnot  is  obtained,  oonsisting  of 
two  sabstanoea  which  may  be  separated  by  crystallization  from  alcohol.  The 
more  soluble — ^the  eulyte  of  Baup— crystallizes  from  chloroform  in  large,  Tery 
perfect  prisms,  melting  at  99^-5  (21 1^*1  F.) ;  it  has  the  formula  C^H^N^O,.  The 
second  body,  Baup's  dydyte,  crystallizes  from  boiling  alcohol  in  fine  needles  melt- 
ing at  189*  (3  7  2°' 2  F.) ;  its  composition  is  represented  by  the  formula  .C.H.N^,. 
Both  are  decomposed  by  potassic  hydrate  with  formation  of  brown  resinous  pro- 
ducts (Bassett,  Chem.  8oe.  Jour.,  1872,  zxv.  98). 

The  pyrooitric  acids  furnish  a  number  of  well-crystallized  salts.  They  difbr 
considerably  in  their  behaviour  with  ferric  chloride,  a  neutral  solution  of  mesa- 
conic  acid  behaving  exactly  like  a  neutral  succinate  (comp.  Aarland).  The 
ethereal  sulta  require  examination. 

The  constitution  of  the  pyrocitric  acids  will  be  discussed  later  on  (p.  985). 

(1899)  Cbotaconic  ACID,  isomeric  with  the  pyrocitric  acids,  is  prepared  from 
ohlorocrotonic  acid  (m.p.  97^*5  C),  by  acting  on  the  ethylio  salt  of  this  acid  with 
potassic  cyanide,  and  treating  the  resulting  potassic  cyanocrotonate  with  hydro- 
chloric acid.  It  is  a  crystalline  body,  melting  at  1 1 9°  (246^*2  F.),  which  is  distin- 
guished from  the  isomeric  acids  by  the  readiness  with  which  it  is  decomposed 
with  evolution  of  carbonic  anhydride  ;  this  decomposition  commences  at  about 
130**— 135°  (266**— 275**  P.),  and  tokes  place  rapidly  at  i4o'*(284*'  P.),  at  which 
temperature  neither  oitra-  nor  mesaoonic  acid  yields  any  gas  (Claus,  Ann.  Chem, 
Fkarm,  cxci.  68).  This  behaviour  points  to  the  formula  CH,.CHzzC  (COOH),, 
and  consequently,  if  crotaconic  acid  is  formed  by  the  mere  displacement  of  the 
chlorine  in  the  clilorotonic  acid  by  carboxyl,  the  latter  acid  should  be  represented 
by  the  formuk  CH,.CHzCCl.COOH.  But  if  this  latter  be  adopted,  it  is  difficult 
to  account  for  the  production  of  tricarballylic  acid  (1880)  from  the  chMrocrotonio 
acid  in  question,  and  on  the  whole  the  formuk  CH,Cl.CHzCH.COOH  would 
appear  to  be  the  most  probable  for  this  acid.  The  production  of  crotaconic  acid 
must  then  be  regarded  as  the  final  result  of  a  series  of  changes  analogous, 
perhaps,  to  those  occurring  in  the  formation  of  crotonic  add  from  allylic  iodide 
(comp.  Pinner,  DeuL  chem,  Ges,  Ber,,  xii.  2053). 

(1900)  Haloid  and  Hydboxy-dbrivatives  of  Maleic^  Fct- 
vAKic  AND  THE  Pykocitric  Acids. — ^Tbe  following  are  known : 

Bromo'derwatives  qfMaleic  and  Fumaric  Acids. — The  recent  researches  of 
Fittig  and  Petri  appear  to  show  that  only  two  acids  of  the  formula  C^HBr(COOH), 
exist,  and  not  four  as  has  been  supposed ;  their  formation  has  already  been 
described  (1855). 

BromomcUeic  acid  crystallizes  from  water  in  large  well-formed  transparent 
prisms,  melting  at  ^28°  (262^*4  P.).  On  distillation  it  is  decomposed  into 
water  and  bromomaleic  anhydride ;  when  boiled  with  a  dilute  solution  of  hydro- 
bromic  acid  it  undergoes  isomeric  change,  being  converted  into  bromofumario 
acid  ;  on  treatment  with  a  saturated  solution  of  hydrobromic  acid  at  the  ordinary 
temperature,  it  readily  combines  with  it;  it  also  unites  with  it  at  ordiuary  tcm* 
peratni'es,  so  that  in  all  respects  its  behaviour  is  analogous  with  that  of  maleic  acid. 

Bromofumaric  acid  (Kekul^'s  isobromomaleic  acid)  crystallizes  from  water  in 
large  thick  plates,  melting  at  178''  (352^*4  P.).  It  also  is  converted  into 
bromomaleic  anhydride  on  distillation ;  but  it  is  only  slowly  converted  into  a 
dibromosuccinic  acid  on  treatment  with  a  cold  saturated  solution  of  hydrobroroic 
acid,  and  it  also  unites  much  more  slowly  than  the  isomeric  acid  with  bromine, 
thus  resembling  fumaric  acid. 

Both  acids  furnish  fumaric  acid  free  from  maleic  acid  on  reduction,  and  the 
conversion  of  the  one  acid  into  the  other  may  be  effected  through  the  anhy- 
dride, since  the  latter  combines  with  water  to  form  bromouudeio  acid,  r^  i 

gitizedbyV^OOgle 


972  CHLOBOCIT&ACONIC    ANHTDKIDB.  [^9^^- 

On  treatment  of  the  chloride  of  the  formola  C,HC1(C0C1),  obtained  from 
tartaric  acid  (p.  943)  with  water,  an  acid  is  formed  which  hui  hitherto  bna 
regarded  as  chloromaleic  acid,  C«HC1(C00H),  (Perkin  and  Dnppa),  bnt  then 
is  no  proof  that  this  is  not  ohlorofumanc  acid. 

An  acid  of  the  formula  €,Br,(COOH),  is  one  of  the  products  of  the  action 
of  bromine  and  water  on  succinic  acid  (oomp.  Fittig  and  Petri). 

Cklorocitraconic  add  can  only  exist  in  aqueous  solution.  Chlarociiraeomic 
anhydride,  C^lljC\0^,  w  formed  on  distiliiug  chlorocitramalic  add  (1872);  it 
cryvtailizes  in  large  pktes,  melting  at  1 00^  (212^  h\),  but  it  yoktilixes  com- 
pletely at  much  lower  temperatures;  it  dissolves  very  slowly  in  cold  water 
(Swarts,  ^11//.  ^ca4.  Belff.,  1872,  xxxiii.  31 ;  Gottlieb,  Jour.  pr.  Ckem. 
[2],  viii.  73.). 

Bromocitraconic  anhydride,  C,H,BtO,,  is  obtained  by  the  action  of  bro- 
mine on  pyrotartaric  acid;  also  on  distilling  dibromoeitrapyrotartaric  acid 
(P*  935)>  <^Dd  on  treating  citraconic  anhydride  with  a  single  molecular  propor- 
tion of  bromine.  It  is  said  that  a  dibromo-derivative  may  also  be  prepared  by 
this  latter  method  (Cahours).  Bromocitraconic  anhydride  dissolves  in  water, 
funning  the  corresponding  acid,  but  it  may  be  crystallized  from  boiling  water,  so 
unstable  is  the  acid,  i<eparating  either  as  an  oil  which  soon  solidifies,  or  in 
glistening  plates  melting  at  pS''  (208^*4  F.).  Bromocitraconates  may  be  pre- 
pared from  the  aqueous  solution  in  the  ordinary  manner  (Kekul^,  Cahooiw, 
Lagermarck,  Zeite.  Chem,  [2],  vi.  299). 

Chlaritaconic  acid,  C^H^CIO^,  is  formed  when  aoonic  acid,  C^H^O^  ia  heated 
with  fuming  hydrochloric  acid ;  it  is  a  crystalline  body,  but  slightly  soluble  in 
cold  water,  and  when  heated  with  water  readily  splits  up  into  aconic  and  hydro- 
chloric acids.  Bromitaconic  acid,  C^H^BrO^,  is  formed  in  a  similar  manner,  or 
by  heating  itadibromopyrotartaric  acid  alone  or  with  water,  and  behaves  similariy 
(Swarts,  Bull,  Acad,  Belg,^  1872,  zxxiii.31). 

Hydrorymaleic  add,  C^U^O.  =  C,H(OH)(COOH),.— According  to  Bonrgoin 
{Compt.  Bend,,  Ixxvi.  1265),  this  acid  is  produced  on  boiling  a  solution  of 
argentic  bromoroalate ;  it  crystallizes  in  long  slender  needlfti,  easily  soluble  in 
water  and  alcohol. 

Dihydroxyfumaric  add,  C.H^O,  =  C,(OH),(COOH),,  is  fonned  when  fiimaric 
acid  is  oxidised  by  means  of  potassium  permanganate.  It  is  a  white  crystttUioe 
body  less  soluble  in  water  than  oxalic  acid  (Tanatar,  Deut  chem,  Che,  Ber., 
xii.  2293,  ^"^  x"i*  '59)* 

Hydroxydtraconic  add,  C.H.O,  =  C,H,(0H)(C00fi[),.— Chlorocifcraoonic 
acid  does  not  exchange  its  chlorine  ibr  hydroxyl  when  boiled  with  a  solution  of 
baric  hydrate,  but  hydroxycitraconic  acid  may  be  obtained  by  withdrawing  the 
elements  of  a  molecule  of  hydrochloric  acid  from  chlorocitramalic  acid  by  boiling 
its  baric  salt,  eitlier  with  water  alone  or,  which  is  better,  with  a  solution  of 
baric  hydrate.  It  crystallizes  in  large  prisms,  very  soluble  in  water ;  when 
heated  for  some  time  at  1 20**  (248^  F.)  it  is  converted  into  a  white  spongy  mass, 
which  slowly  dissolves  in  water,  forming  citratartaric  acid  (187 1)  ;  this  latter  is 
also  formed  on  heating  the  acid  or  its  baric  salt  with  water  at  120^  (248°  F.). 
Hydroxycitraconic  acid  very  readily  combines  with  hydrochloric  acid,  forming 
the  acid  of  the  formula  C,H,C1(C00U), ;  this  latter  crystallizes  in  glistening 
rhombic  plates,  melting  at  161"  (321^-8  F.);  it  is  reconverted  into  the  parent 
acid  by  heating  its  baric  salt  with  a  solution  of  baric  hydrate ;  on  dry  distilla- 
tion, it  is  resolved  into  propionic  acid,  carbonic  oxide,  carbonic  anhydride,  and 
hydrochloric  acid  gases,  thus  differing  entirely  from  the  isomeric  chlorocitramalic 
acid  (Morawski,  Jour.pr,  Chem.  [2],  x.  68  ;  xi.  430). 

Hydroxyiificonio  add,  isomeric  with  hydroxycitraconic  acid,  is  obtained  in 
a  similar  manner  from  chloritamalic  acid,  and  by  the  addition  of  the  elemeata  of 
a  molecule  of  water  to  aconic  acid  (qv.)»  ^^  <^om  &ot  crystallize  (Gottlieb,  /oar. 
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^»r,  Ckem,  [2],  xi.  450).     No  haloid-  or  hydrozj-derivatix^es  of  mesaconic  acid 
are  known. 

(1901)  Acids  of  the  formula  C^H^O^. — The  only  acid  of  this  formnla 
at  present  known  is  hydromuconic  acid,  obtained  by  the  action  of  nascent 
hydrogen  on  chloromuoouic  acid  (1878).  It  forms  long  needles,  melting  at  195^ 
iS^S""  P)  (Limpricht). 

As  pointed  out  on  pp.  885, 887,  sodic  a-hydroxypropionate  is  decomposed  by 
heating,  with  loss  of  the  elements  ofa  molecule  of  water,  the  residue  consisting  of 
nodic  acrylate  and  of  asodio  salt  of  the  same  empirical  composition  as  this  latter, 
which,when  brought  into  contact  with  water,  combines  with  it,  forming  a  so-called 
paradipimalata.  Wislicenus  regards  this  sodic  sailt  as  derived  from  a  diacrylic  acid, 
CfHgO^,  which,  however,  cannot  be  isolated  (Ann.  Chem,  Pkarm.,  cUxiv.  285). 

(1902)  Dbhtdbo-acids  bblated  to  Itaconig  Acid. — In  this  category 
are  i  ncluded  aconio,  paraconic  and  hydroxyparaconic  acid,  which  are  monobasic 
acidsbrmed  by  the  withdrawal  of  the  elements  of  a  molecule  of  water  from 
hydroxyitaoonic. itamalic  and  itatartaric acid  (187 1)  respectively;  muconio  acid, 
homologous  with  aconic  acid,  may  also  be  described  here. 

Aconic  acid,  C^H^O^,  is  best  prepared  by  neutralizing  a  solution  of  itadibromo- 
pyrotartario  acid  with  sodic  carbonate,  then  boiling  it,  and  again  neutralizing  it 
from  time  to  time  with  the  carbonate  until  one  and  a  half  molecular  proportions 
of  the  latter  has  been  employed ;  the  sodic  aoonate,  which  crystallizes  from  the 
solution  on  cooling  in  thin  plates,  is  then  decomposed  by  dilute  sulphuric  acid 
and  the  acid  extracted  with  ether. 

Aconio  acid  cryRtallizea  from  water,  in  which  it  is  very  soluble,  in  trans- 
parent rhombic  prisms,  melting  at  164°  (3  2  7^*2  F.) ;  it  carbonizes  ivhen  heated 
at  a  higher  temperature.  Its  salts,  which  are  represented  by  the  general  for* 
mula  C,H,O^M^  are  obtained  by  neutralizing  the  aqueous  solution  of  the  acid 
with  metallic  carbonates,  and  with  the  exception  of  the  silver  salt  are  easily 
soluble  in  water  $  metallic  hydrates  cannot  be  employed  in  their  preparation, 
as  they  at  once  give  rise  to  the  production  of  hydroxy itaconates.  By  boiling 
aconic  acid  with  an  excess  of  baric  hydrate,  the  oxyitaoonate  first  produced  is 
in  great  part  resolved  into  a  mixture  of  formate  and  succinate  (comp.  Meilly, 
ibid,,  clxxi.  155). 

Paraconic  acid,  C,H^O^. — ^To  prepare  this  acid ,  a  solution  of  itachloropyrotar- 
taric  acid  is  boiled  with  argentic  carbonate,  and  the  argentic  paraconate,C^H^AgO  , 
which  crystallizes  in  needles  as  the  liquid  cools,  is  decomposed  with  hydric  sulphide. 
It  is  crystalline,  but  very  soluble  in  water.  The  paraconates  may  be  obtained 
by  decomposing  a  cold  solution  of  the  silver  salt  with  metallic  chlorides ;  by 
heating  their  solutions,  they  are  converted  into  acid  itamalates  (Swarts). 

Hydroxyparaconic  acid,  Cfifi^, — The  calcic  salt  of  this  acid  is  formed 
on  boiling  an  aqueous  solution  of  chloritamalic  acid  (Morawski,  Jou/r,  pr,  Chem. 
[2],  xi.  450). 

The  relation  of  these  three  acids  to  each  other  and  to  itaconic  aoid  is 
indicated  by  the  following  formulsB : 

CH,  CH.O  CK.O  CH,  — 0 

II  II      I  I         i  II 

C.COOH  C— CO  CH-CO  C(OH).CO 

CH,.COOH  CH,.COOIl        CH,.COOH  CH,.COOH 

Itaoonic  acid.  Aconic  add.  Paraconic  aoid.  Hydroxyparaconic  add. 

Muconie  acid,  C^H^O^.  is  formed  on  adding  argentic  oxide  to  a  hot  aqueous 
solution  of  dibromadipic  acid  fromhydromuconic  acid  (1855)  ^  ^^^ST  ^  ^^^  brown- 
black  colour  of  the  former  disappears,  then  removing  the  dissolved  silver 
by  means  of  hydrochloric  acid  or  hydric  sulphide,  and  concentrating  the  filtered 
solution  on  the  water  bath ;  it  crystallizes  in  large  monoclinic  prisms,  < 
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■olable  in  water.     Wlien  boiled  with  an  exopaa  of  a  Bolntion  of  bario  hydnde,  it  ia 
reaolyed  into  acetio  and  aaccinioacid  (Limpricht  and  Delbruok,  ibid^  dxv.  374) ; 
CH.CO 

f^  4      .OH.    =   CH.     ^     C.H,{SSS 

C,H^.COOH  OOOH 

(1903)  Xbeoiiic  Acid:  C,H  0^  =  C.HJCOOH),.— Citraoonic  anliTdnde 
begina  to  decompose  at  about  150  (302^  F.)  with  evolution  of  carbonic  anhy- 
dride ;  when  it  in  dirtilled,  the  greater  part  passes  over  at  about  214*  (41 7*^*2  V.\ 
but  the  thermometer  then  rises  gradually  to  2  jo^  (4^2^  F.),  and  an  oil  diatik 
over  which  is  a  mixture  of  eitraconic  and  zeronic  anhydrides.  If  it  ia  boiled 
for  about  two  hours  in  a  vessel  attached  to  a  reversed  condenser,  it  ia  converted 
into  a  brown  viscid  syrup,  and  on  submitting  this  to  distillation  about  one- 
fourth  is  obtained  boiling  at  213° — 220°  (41 5^' 4 — 428''  F.),  after  which  the  ther- 
mometer gradually  rises  to  280^  (536^  F.),  a  brown-yellow  oil  passing  over ;  much 
of  thia  is  volatile  in  a  current  of  steam,  but  a  portion  remains  as  a  brown  Tiadd 
mass  insoluble  in  ammonia.  Citraconic  anhydride  mixed  with  only  one-a:xtk 
of  its  volume  of  water  does  not  decompose  when  similarly  treated. 

On  distilling  the  mixture  of  xeronio  and  citraconic  anhydridea  with  ateaa. 
the  former  passes  over  as  a  heavy  oil  only  xliglitly  soluble  in  water ;  iu  the  pore 
state,  it  boils  constantly  at  242^  (467^*6  F.),  and  remains  liquid  even  at — iS" 
(0^*4  F.).  The  acid  itself  does  not  sppear  capable  of  exinting,  although  its 
salts  are  readily  obtahied.  The  anhydride  diKSolves  only  very  slowly  in  a  cold 
solution  of  sodic  carbonate,  although  readily  soluble  in  a  hot  solution ;  if  ths 
liquid  is  supersaturated  with  byHrochlorio  acid,  it  is  at  first  perfectly  clear,  hot 
soon  becomes  turbid  from  the  separation  of  the  anhydride.  If  the  anhydride 
ia  digested  at  a  gentle  heat  with  water  and  calcic  carbonate,  and  the  filtered 
solution  is  then  boiled,  calcic  xeronaie^  C,H,^O^Ca  +  OH,,  is  deposited  a»  a 
flocculent  precipitate  which  soon  becomes  dense  and  crystalline.  The  bazie  sah 
ia  obtained  in  a  similar  manner.  Xeronic  anhydride  does  not  combine  eithn* 
with  nascent  hydrogen  or  bromine,  and  as  xeronic  acid  is  polymeric  with 
methacrylic  acid  (p.  958),*  and  this  latter  acid  or  its  derivativea  are,  nnd^r 
certain  circumstancen,  readily  obtained  from  citraconic  acid,  it  appeara  probable 
that  the  two  acids  are  related  in  the  manner  indicated  by  the  following  formula 
(Fittig,  Ann,  Chtm.  Pharm,,  clxxxviii.  59) : 

CH,  CH,.C(CH,)COOH     CH,.C(CH,)COv 

C(CH,).COOH  CH,.C(CH,)COOH     CH,.C(CH,)CO' 

Methacr>licBeld.  Xeronic  scid.  Xeronic  anhydride. 

Hexydrophthalic  acid,  the  isomeride  of  xeronio  acid,  will  be  referred  to 
under  phthalic  acid. 

(1904)  Camphoric  Acids:  Cj8Hig04=C8H^4(COOH),. — k. 
number  of  modificationa  of  camphoric  acid  have  been  obtained 
which  do  not  appear  to  differ  in  so-called  chemical  properties : 
like  the  tartaric  acids,  they  are  distinguished,  however,  by  their 
behaviour  in  polarized  li^ht  and  other  differences  in  their  physical 
properties. 

*  The  polymerization  of  methacrylic  ncid  referred  to  on  p.  958,  ia  resdilv 
effected  by  heating  the  acid  in  closed  tubes  at  130^  (266°  F.).  It  is  compIeti*}y. 
converted  into  a  white  porcelain -I  ike  mass,  which  swells  up  in  water,  but  without 
disttolving.  This  product  is  scarcely  affected  by  any  of  the  ordinary  reagents 
(Fittig,  JDeut.  chem.  Ges,  JBer.t  xii.  1739 »  -^'*'*'  C'A^m.  Pkarm,,  oc  7o). 
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Dextrocamphorie  or  ordinary  camphoric  add  in  formed  by  the  oxidation 
of  ordinary  camphor  with  nttrio  acid.  It  is  obtained  without  difficulty  by 
heating  the  camphor  with  nitric  acid  of  about  i'3  ep.  gr.  for  several  days  on  the 
water-bath,  the  operation  being  best  performed  in  a  large  flask  having  a  tube 
3 — 4  ft.  long  to  act  as  condenser  fitted  to  its  neck.  When  the  oxidation  is  at 
an  end,  as  shown  by  the  evolution  of  red  fumes  ceasing  almost  entirely,  the 
liquid  is  drained  from  the  solid  mass  of  acid  and  unoxidized  camphor,  and  the 
latter  either  digested  with  a  solution  of  sodic  carbonate,  or  submitted  to  steam 
distillation,  in  order  to  separate  the  camphoric  acid  from  the  camphor ;  a  con- 
nderable  quantity  of  camphoric  acid  is  also  obtained  on  evaporating  the  nitric 
aoid  solution.  • 

Camphoric  acid  is  sparingly  soluble  in  cold,  but  moderately  in  hot  water, 
and  easily  soluble  in  alcohol.  It  crystallizes  from  water  in  hard  semi-transparent 
prismatic  crystals,  melting,  it  is  ordinarily  said,  at  about  176^  (343^*8  F.); 
according  to  Kachler  (Ann.  Chem.  Pkarm.,  cxcvii.  92),  the  acid  purified  by 
conversion  first  into  the  soluble  baric  salt  and  then  into  the  insoluble  cupric 
salt,  and  repeated  recrystallization  from  water^  crystallizes  from  alcohol  in  large 
transparent  monoclinic  prisms  melting  at  178^  C.  (corr.  180^*7  C).  Ribau, 
however,  states  that  the  corrected  melting-point  is  187°  (368^*6  F.),  and  Arm- 
strong finds  184^  C.  (nncorr.). 

In  an  aqueous  solution,  or  in  acetic  acid  solutions  containing  from  3  to  12 
grams  per  100  c.c,  it  has  the  apparent  sp.  rot.  power  [a']jy=  46^;  but  its 
apparent  sp.  rot  power  in  alcoholic  solutions  containing  from  2*5  to  19  grams 
per  100  c.c.  is  [a]D  =  47°'5  (Landolt). 

Camphoric  acid  readily  dissolves  in  concentrated  sulphuric  acid ;  on  the  addi- 
tion of  water,  camphoric  anhydride,  C^^H  0,,  is  precipitated.  If  the  sulphuric 
acid  solution  is  heated  at  about  60^  (140  F.),  pure  carbonic  oxide  is  evolved 
and  BO- called  sulphocamphoric  acid,  a  dibasic  acid  of  the  formula  Cj^H^^SO^,  is 
produced  (com p.  Kachler,  ibid.,  clxix.  178).  By  fusing  camphoric  acid  with 
potassic  h3'drate,  pimelic  aoid  (1849)  ^^  obtained;  if  distilled  with  calcic 
hydrate,  it  yields  phorone  (1684).  When  heated  with  bromine,  it  forms  a 
dibromide,  Cj^Hj^Br^O^,  which  crystallizes  in  ruby-red  prisms,  but  is  so  unstable 
that  it  decomposes  on  mere  exposure  to  the  air  into  bromine  and  camphoric  acid 
(Wreden,*5t(i.,  clxiii.330).  By  heating  camphoric  acid  with  a  large  excess  of  very 
concentrated  hydriodio  acid  at  200® — 280°  (392® — 536®  F.),  it  is  decomposed 
into  hexhjdrometaxjlene,  CgHj^(CH,)2,  and  carbonic  anhydride ;  tetrahydrome- 
taxylone,  C,H^^,  is  also  produced  when  a  less  concentrated  acid  is  employed. 
A  hydrocarbon  isomeric  with  hexhydrometaxylene  is  formed  in  small  quantity  on 
dry  distillation  of  cupric  cam phorate  (Wreden,  ibid.,  clxxxvii.  156). 

Lavocampkoric  acid,  formed  by  oxidation  of  the  lasvorotatory  camphor 
from  oil  of  feverfew  (Matricaria  partherium),  is  said  to  resemble  dextro- 
camphorie acid  in  all  respects  excepting  that  it  has  the  power  of  rotating  the 
polarized  ray  in  an  opposite  direction,  but  to  a  precisely  equal  extent  (Chautard). 

Paracamphoric  acid. — On  mixing  together  concentrated  alcoholic  solutions 
of  IsBvo-  and  dextrocamphorie  acid,  considerable  heat  is  developed,  an  abundant 
precipitate  of  optically  inactive  paracamphoric  acid  being  produced.  The  same 
acid  is  obtained  by  oxidation  of  the  inactive  camphor  of  oil  of  lavender.  By 
heating  this  acid  with  a  mixture  of  alcohol  and  sulphuric  acid,  the  correspond- 
ing ethylic  salt  is  obtained,  but  on  saponification  this  yields  an  acid  which  differs 
conRiderably  from  that  employed  in  \U  preparation,  being  almost  insoluble  in  all 
ordinary  media  (Chautard,  Compt.  Rend.,  Ivi.  698). 

Mesocampkoric  acid. — On  heating  dextrocamphorie  acid  for  a  considerable 
time  with  hydriodic  acid  of  sp.  gr.  i*6  at  about  t6o^  (320**  F.),  or  with  very  con- 
centrated h^'drochloric  acid  at  about  140^  (284''  F.),  it  is  converted  into  the  more 
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Dolable  opiieallj  iDActive  mesocamphorio  acid.  This  acid  separates  from  s  hot 
concentrated  aqneous  solution  as  an  oil,  but  crystallizes  from  a  dilate  iH>latJoe 
in  fine  needles,  melting  at  113^  (235°'4  ^O-  ^^  appears  to  be  less  readilj  oo»- 
▼erted  into  the  anhydride,  being  precipitated  by  water  unchanged  irom  its 
Molution  in  cold  concentrated  sulphuric  acid ;  the  anhydride  obtained  bj  heating 
it  above  its  melting-point  resembles  ordinary  camphoric  anhydride  in  crystallina 
form  and  melting-point  (Wreden,  Ann.  Chem,  Pharm.,  clxiii.  323). 

According  to  Jungfleisch  {Bull,  800.  Chem.,  1873,  six.  530),  if  campho- 
ric acid  is  heated  with  water  at  180** — 220°  (356° — 42 8°  F.),  its  rotatory  power 
iff  almost  entirely  destroyed,  and  a  mixture  of  two  isomeric  acids  is  produced  in 
proportions  varying  with  the  temperature  ;  they  are  best  separated  by  crystallisa- 
tion from  acetic  acid.  The  more  soluble  acid  is  probably  mesocamphorio  acid 
and  the  less  soluble  0hautard*8  paracamphoric  acid  ;  by  repeated  recrystallizatioa, 
however,  the  latter  is  resolved  into  two  optically  active  modifications  of  equal  but 
opposite  rotatory  power. 

Synthetic  camphoric  acid, — By  oxidizing  the  campbene  derived  from  the 
monohydrochloride  prepared  from  French  oil  of  turpentine  (1268)  with  chromic 
aoid,  a  camphor  is  produced  which,  like  natural  camphor,  is  optically  active  but 
IfBVorotatory  ([a]D=  ^^3^'6)i  on  oxidizing  this  camphor  with  nitric  acid,  a 
lievorotatory  camphoric  acid  (  [a]^  =  —  6 '5)  is  obtained,  which,  however,  melts  at 
197''  (386''-6F.)  (Riban,  Ann,  Chem.  Phys.  [5],  vi.  387).  By  treating  the 
optically  inactive  camphene  formed  by  the  action  of  sulphuric  acid  on  Uit 
terpenes,  an  inactive  camphoric  acid  melting  at  about  202°  (395°'6  F.)  ia  pro- 
duced (Armstrong  and  Tilden,  Jour,  Chem,  Soc,  Trans.,  1879,  p.  757). 
Dextrocampliene  from  the  monohydrochloride  from  American  turpentine 
yields  a  dextrorotatory  camphoric  acid  having  similar  properties,  which  apparently 
ia  also  produced  on  directly  oxidizing  the  monohydrochloride  prepared  from  Ameri- 
can turpentine  with  nitric  aoid  (Armstrong). 

(1905)  Camphoric  Anhtdbidb,  Cj^H^p,. — This  body  is  obtained  with  the 
greatest  facility  by  merely  distilling  camphoric  acid,  or  by  dissolving  it  in 
sulphuric  acid  and  precipitating  with  water ;  it  crystallizes  from  alcohol  in 
glistening  prisms  melting  at  217°  (422*6  F.),  and  boils  above  270°  (518^  F.) 
without  undergoing  decomposition.  It  is  converted  into  the  acid  only  by 
prolonged  boiling  with  water,  in  which  it  is  slightly  soluble ;  but  it  readily 
dissolves  in  alkalies,  at  once  undergoing  hydration.  On  treatment  with  phosphorie 
pentacbloride,  it  yields  camphoric  chloride,  C,Hj^(COCl),,  as  an  oily  liquid  which 
decomposes  on  distillation.  When  triturated  with  baric  peroxide  and  water,  it 
furnishes  a  solution  having  powerful  oxidizing  properties,  which  Brodie  ascribes 
to  the  presence  of  a  compound  of  camphoric  peroxide  with  baric  oxide. 

The  anhydride  obtained  from  synthetical  camphoric  acid  haa  a  higher  melt* 
ing-point  (234°  C.)  than  that  from  ordinary  camphoric  acid. 

Camphoric  anhydride  combines  with  bromine,  forming  a  dibromide  whidi 
decompohes  into  bromine  and  the  anhydride  on  mere  exposure  to  the  air ;  but  if 
it  is  heated  with  bromine  at  no' — 130*^  (230** — 266°  F.),  it  is  converted  into 
hromocamphoric  anhydride,  Cj^Hj^BrO,,  a  crystalline  substance  melting  at 
215^  (419^  ^')'  ^'hi"  compound  exchanges  its  bromine  for  hydrozyl  when 
boiled  with  water,  forming  hydroxycamphoric  anhydride^  ^lo^wC^^K^r 
This  latter  body  possesses  somewhat  remarkable  properties.  It  crystallizea 
from  alcohol,  in  which  it  is  moderately  soluble,  in  needles  melting  at 
200**  (392**  F.)  ;  but  when  crystallized  from  water,  it  forma  hydrated  crystab 
which  become  anhydrous  on  exposure  over  sulphuric  acid  in  f>aeuo,  Bj 
saturating  its  solution  in  anhydrous  alcohol  with  hydrochloric  acid,  it  is  con- 
verted into  the  ethylic  salt  Cjj^Hj,(C,HJO^,  which  cr^'stallizes  in  thin  priama 
meltmg  at  63°  (i  45^*4  F.).     Corresponding  metallic  salts  are  readily  obUuned. 
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The  cadmic  salt  forma  traTigparent  prisms  of  the  composition  (Cj^Hj,0^,Cd  +  sOH,, 
which  are  rendered  anhydrous  by  heating  at  100°  (212°  F.). 

By  heating  bremocamphoric  anhydride  with  a  concentrated  solution  of 
ammonia  at  150°  (302^  F.),  it  is  converted  into  amidocawphoric  anhydride, 
Cj^H  (NH^)O,,  which  crystallizes  from  alcohol  in  long  needles  melting  at  208^ 
(406*^  F.).  Amidocamphoric  acid,  C,Hj,(NHj)(CJOOH),,  is  obtained  by  boiling 
this  compound  with  a  dilute  solution  of  potassic  hydrate,  <&c  ;  it  crystallizes  in 
glistening  prisms,  and  melts  at  160°  (320^  F.),  but  is  at  the  same  time  converted 
into  the  anhydride  and  water.  Amidocamphorio  anhydride  and  acid  are  both 
converted  into  hydroxycamphoric  anhydride  when  boiled  with  a  concentrated 
solution  of  potassic  hydrate,  or  submitted  to  the  action  of  nitrous  acid  ( Wreden, 
Ann,  Chem.  Pharm,,  clxiii.  330). 

(1906)  Acids  fobmbd  togetheb  with  Camphobic  Acid  bt  oxidatioit 
OF  Camphob.* — ^Although  camphoric  acid  is  the  chief  product,  it  is  not  the  only 
acid  formed  on  oxidizing  camphor  with  nitric  acid:  the  mother-liquor  remaining 
after  the  camphoric  acid  has  been  separated  as  far  as  possible  by  crystallization  con- 
tains, besides  a  further  quantity  of  this  acid  and  a  minute  amount  of  the  isomeric 
niesocamphoric  acid,  camphoronic  acid,  C^H^^O^,  hydro-oxycamphoronic  acid, 
C^H^^O^,  an  acid  of  the  formula  C^H^^O,,  an  acid  which  is  probably  represented 
by  the  formula  C,Hj,0,,  so-called  dinitrohephtylio  acid,  C^Hj^N,Oj,  and  lastly  a 
syrupy  acid  of  unknown  formula.  The  separation  of  these  acids  has  been  described 
bjr  Kachler  {Ann,  Chem.  Pharm.,  cxci.  143). 

According  to  Kachler  {Ann,  C/iem.  Pharm.,  dxii.  267),  Berthelot*s  oamphic 
add,  obtained  by  heating  camphor  at  a  high  temperature  with  an  alcoholic  solu- 
tion of  potassic  hydrate,  consists  of  an  acid  resin  and  campholic  acid,  C^^H^fi^ ; 
but  Montgolfier  {Ann,  Chim,  Phys,  1 5],  xiv.  5)  states  that  it  is  a  mixture  of 
camphic  acid,  Cj^H^^Oj,  with  phoronic  acid,  C^H^^Oj.  The  properties  assigned 
to  the  former  are  so  indefinite,  however,  that  it  may  be  doubted  whether  such  an 
acid  has  been  separated  in  a  state  of  purity.  According  to  the  latter  obsei*ver,  if 
dry  air  is  passed  through  a  solution  of  sodium  camphor  (i.e.,  the  mixture  of 
sodium  camphor  and  sodium  borneol  formed  on  treating  camphor  with  sodium) 
in  boiling  crude  xylene  (b.  p.  125° — 130^  C),  camphic  and  camphoric  acids  and 
a  resin  are  produced ;  but  if  a  mixture  of  sodium  camphor  with  a  considerable 
amount  of  free  camphor  is  heated  in  sealed  tubes  at  280^  (53^^  F.),  campholic 
acid  is  produced.  Montgolfier  supposes  that  the  formation  of  campholic  acid  in 
this  manner  is  the  result  of  the  action  of  the  camphor  on  the  sodium  borneol. 

Campholic  acid,  C^H^,.  COOH,  crystallizes  in  thin  prisms  melting  at  106** 
(222**'8  F  )  ;  it  may  be  distilled  unchanged,  and  is  also  volatile  in  a  current  of 
steam.  Campholic  acid  has  a  considerable  dextrorotatory  power  ([o]j  =  49^*8). 
On  oxidation  with  nitric  acid,  it  yields  camphoric  and  camphoronic  acids,  the 
former  being  also  produced  on  heating  it  with  moist  bromine.  By  distilling 
potassic  campholate  with  soda  lime,  camphohne,  a  hydrocarbon  of  the  formula 
CjHjg  is  produced  (Kachler). 

Camphoronic  acid. — According  to  Kachler,  this  acid,  in  the  air-dry  state,  has 
the  formula  C^H,p^,  and  is  not  altered  by  heating  at  100°  (212**  F.)  ;  but  if  it 
be  fused,  or  heated  at  130**  (266°  F.),  it  loses  a  molecule  of  water,  becoming 
C,H„0,.     The  anhydrous  acid  melts  at  115**  (239°  F.),  and  the  hydrated  acid 

•  Ballo  has  recently  shown  (Deut.  chem.  Gee.  Ber„  xii.  1597)  that, 
although  camphor  is  not  oxidized  by  heating  at  100°  (212°  F.)  with  a  solution 
of  potaitsic  dichroraate  and  sulphuric  acid  (comp.  1687),  it  undergoes  oxidation 
if  the  solution  be  boiled ;  the  products  are  the  same  as  when  nitric  acid  is 
employed  (Kachler,  ibid,,  xiii.  1487). 
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at  about  iro°  (230®  F.).  According  to  Kissling  {Inaug,  Diss.  TMhingem, 
1878),  the  body  C^H^^O  is  the  true  acid;  but  this  loses  a  molecule  of  water 
on  heating  at  about  80  (176°  F.),  and  is  converted  into  the  dehjdro-aicid 
CjHjjO^,  which  meltrt  at  137**  (2 78*^*6  F.)  ;the  latter  volatilizes  to  an  appreeufale 
extent  even  at  80^  (176®  F.). 

Camphoronic  acid  forms  white  microscopic  needles,  extremely  soluble  in  water. 
alcohol,  and  ether.  Its  most  characteristic  salt  is  the  baric  salt,  which  is  precipi- 
tated on  boiling  an  ammoniacal  solution  of  tlie  acid  with  baric  chloride.  This 
salt,  according  to  Kaohler,  has  the  formula  Ofifi^fi^  +  OH,,  being  deprived  of 
a  molecule  of  water  by  heating  at  165°  (329^  F.).  By  digesting  an  alcoholic 
solution  of  the  acid  with,  sulphuric  acid,  a  diethylic  salt  of  the  fornmla 
0  H,,0^(CjH^),  is  produced ;  this  salt,  however,  partially  decomposes  on  distilla- 
tion into  alcohol  and  a  monethylic  salt  of  the  formula  C,Hjj(C,H,)0^  is  derived 
from  the  dehydro-acid,  C^Hj^O^ ;  this  monethylic  salt  is  also  obtained  on  submit- 
ting the  diethylic  salt  to  the  action  of  acid  chlorides  (Kissling).  Camphoronic  acid 
is  not  affected  by  nascent  ^hydrogen,  but  on  fusion  with  potassic  hydrate  it  yield* 
butyric  acid  (Kachler),  being  decomposed  in  accordance  with  the  equation 
C,llj,0,  +  H,  +  H,0  =  2C^H,0,  +  C0,;  according  to  Kissling,  however,  acetic 
and  Mobutyric  acids  are  produced. 

The  acid  C^H^O,  is  not  altered  by  bromine  even  at  135°  (275®  F.),  but  the 
hydrated  acid  C^H^^O,  ia  converted  by  its  action  into  oxycamphorouie  acid, 
C^Hj^O^.  This  acid  crystallizes  in  large  prisma  of  the  composition 
CjHjjO,  +  OH5,  which  become  anhydrous  at  1 00°  {2 1 2**  F.) ;  the  anhydrona  rob- 
stance  melts  at  210°  (410^  F.),  and  may  be  distilled  unchanged.  It  does  not 
appear  to  be  capable  of  exchanging  more  than  two  atoms  of  hydrogen  for 
metals  (Eachler).  According  to  Montgolfier  (loc.  cit),  camphoronic  acid  is 
optically  active  ([o>=    -  18°  42'). 

HydrO'Oxycampharonie  acid :  C^U^fi^, — ^This  acid  crystallizes  firom  water 
in  large  triclinic  prisms,  melting  at  1 64^*5  (328*^*1  F.};  it  is  moderately 
soluble  in  cold  and  very  easily  soluble  in  hot  water.  Hydro-oxycamphorooic 
aoid  appears  to  be  tribasio,  as  it  exchanges  three  atoms  of  hydrogen  for  the 
eqaivalent  amonnt  of  metal  on  treatment  with  metallic  carbonatet*.  When 
heated  with  bromine,  it  is  converted  into  a  new  acid,  melting  at  226^  (438°'8  F.); 
this  probably  has  the  formula  C^H^,0,. 

Pkoranic  acid,  C^Hj^O,,  is  almost  insoluble  even  in  boiling  water,  bat 
very  soluble  in  alcohol,  from  which  it  crjrstallizes  in  thick  plates,  melting  at  169^ 
(336^*2  F.) ;  at  a  higher  temperature  it  appears  to  distil  unchanged.  It  has  a 
oonsiderable  dextrorotatory  power  (  [aj^  =  +  23°).  The  metallic  phoronates 
are  mostly  insoluble  in  water,  but  soluble  in  alcohol  (Montgolfier). 

Dinitrohephtylic  acid  :  C.Hj^NjO^. — ^This  acid,  discovered  by  KulDiem 
(Ann,  Chem.  Pharm,,  clxiii.  231),  has  been  further  investigated  by  Kachler 
{ibid.,  cxci.  155).  It  is  slightly  soluble  in  cold,  more  easily  soluble  in  hot  water, 
crystallizing  from  the  latter  in  white  laminse,  which  are  seen  under  the  micro- 
scrppe  to  consist  of  rhombic  plates.  It  melts  at  215^  (419°  F.),  and  may  be 
volatilized  unchanged  if  very  carefully  heated,  but  if  quickly  heated  it  decom- 
poses with  detonation.  Dinitrohephtylic  acid  acts  as  a  monobasic  acid,  yielding 
a  number  of  well  crystallized  salts.  By  the  action  of  sodium  amalgam  on  its 
alooholic  solution,  roononitrohephtylic  acid,  C^Hj^NO^,  is  produced,  half  the 
nitrogen  being  eliminated  as  ammonia ;  this  latter  compound  exhibits  the  beha- 
viour of  the  so-called  pseudonitrols  (1204).  By  the  action  of  tin  and  hydro- 
chloric aoid,  dinitrohephtylic  acid  is  decomposed  with  formation  of  methylisopro- 
pylketone,  CH,.CO.CH(CH,),,  hydroxylamine,  ammonia  and  carbonic  anhy- 
dride ;  alkalies  act  upon  it  in  a  similar  manner.     Mononitrohephtylio  acid  yields 
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methylifiopropjlkelione  and  hydroxylamine  when  decomposed  by  nasoent  hydrogen. 
From  these  reactions,  it  appears  probable  that  dinitrohephtylic  is  a  derivative  of 
dimethethaoetio  acid  (Eachler) : 

C(NO^,.CH,  CH,.CH, 

C(CH,)  COOH  C(CH,)..COOH 

DiDitrohepbtylio  acid.  Dimethethaoetio  aoid. 

(1907)  CoKSTiTUTioN  OF  Oauphobic  Acid. — It  has  already  been  pointed 
out  under  camphor  (p.  792)  that  the  formnlse  which  have  been  proposed  for  this 
acid  do  not  satisfactorily  express  its  general  behaviour.  The  readiness  with 
which  it  is  converted  into  the  anhydride  necessifcates  the  assumption  that  the 
carboxyl  groups  are  associated  with  contitj^uous  carbon  atoms  as  in  phthalic  acid 
(q.  V.) ;  its  conversion  into  hexhydrometaxylene  when  heated  with  hydriodic  acid 
(Wreden)  renders  it  highly  probable  that  it  is  a  derivative  of  this  hydrocarbon. 
The  most  probable  formula  for  camphor  and  camphoric  acid,  when  these  facts 
are  considered,  would  appear  to  be  the  following  (oomp.  Armstrong,  Deut,  ohem. 
Oes,  Ber.,  xL  1698) : 

CHg  CHa  CH.  OH, 

/\  /\  X  /< 

Ufi       CH CHV  HaC       CH.COOH  CH  ,.HG       CH.CHV       CH,.HC       CH.COOH 

CHs.HO       0(OH,).CH/       CHj.HC      0(OH,).COOH  <»        hJ}        ininX  H.C      CH.COOH 

\^  ^/  \/  \/ 

C^  CH,  CH.CH,  CH.GH, 

OuBphor.  Camphoric  add.  Camphor.  Camphorio  aeuL 

On  the  supposition  that  camphoric  acid  is  represented  by  the  second  of  these 
formula,  the  formation  of  a  body  with  the  properties  of  camphoronio  acid  may  be 
supposed  to  take  place  in  the  following  manner^  the  dotted  line  indicating  the 
point  at  which  the  **  chain"  becomes  broken  : 

CH,  CH{OH).COOH  CH,.OH  CH,.0 

/'••  '  I  I      I 

CH,.HC      (3H.C00H  CH.COOH  CH.COOH  CH.  00 

I        I  +6(0+OH,)««0H,+  1  =00,+    I  =0H,+  | 

H,C       CH.COOH  CHCOOH  CH.COOH  CH.0O0H 

CH.CH,  CO.CH(CH,),  CO.CH(CH0,  C0.CH(CHJ, 

CamphoTonic  acid  Camphoronio  add. 

(KiasUug*).  (kachler) 

The  formation  of  so-called  dinitrohephtylic  acid  may  also  be  expressed  with  the 
aid  of  the  same  formula  if  it  be  supposed  that  this  acid  has  the  formula 
CH,(COOH).C(NOJ,.CH(CH,),,  which  differs  but  slightly  from  that  proposed 
by  Eachler,  and  equally  well  represents  his  results.  The  assumption  that 
camphoronic  acid  contains  aKetonic  group  is  not,  however^  alogether  in  aoocord 
with  its  properties. 

The  corresponding  formula  for  camphor,  it  will  be  said,  does  not  directly 
account  for  the  formation  of  cymene  or  normal-propylmethylbenzene ;  but  there 
can  scarcely  be  a  doubt  that  the  production  of  this  hydrocarbon  involves  a  pro- 
found isomeric  change,  and  admitting  even  that  camphor  contains  the  CgH^  group, 
as  has  been  supposed,  the  whole  of  the  evidence  we  possess  goes  to  show  that  it 
must  contain  wo  and  not  normal  propyl. 

§  VIII.  Acids  of  the  C^H,r,(COOH),  Seeiks. 

(1908)  AcoNiTic  Acid  :  CH{COOH)=C(COOH).CH,(COOH) 
a=C,H,0,.— This    acid    is   the    only    member    of    the    series 

•  Kissling  represents  camphoronic  aoid  by  the  slightly  different  formula 
CH(OII)(COOH).CH..OO.CH(COOH).CH(CH,)^  He  doubta  whether  it  can  be 
formed  by  the  further  oxidation  of  camphorio  aoid. 
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at  present  known.  It  was  originally  discovered  in  Acomtum 
napellus,  but  has  also  been  obtained  from  other  species  of  Acofd- 
turn,  from  Delphinium  consolida,  and  a  number  of  species  of 
Equisetum ;  from  the  juice  of  the  sugar-cane  (Behr)^  ftc  It 
may  be  prepared  from  citric  acid,  either  by  heating  it  alone 
(comp.  PawoUeck,  Ann.  Chem,  Pharm,,  clxxviii.  150),  or  by  passing 
a  current  of  hydrochloric  acid  gas  through  citric  add  heated  at 
140°  {284^  F.)  (Hunaus,  Deui.  chem.  Ges.  Ber,,  ix.  1751). 

Aconitic  acid  is  very  soluble  in  water,  from  which  it  crystal- 
lizes in  groups  of  small  white  needles;  it  melts  at  about  188° 
(37<^°'4  F.),  but  it  is  difiBcult  to  determine  the  exact  point,  as  in 
melting  it  partially  decomposes  into  itaconic  acid  and  carbonic  an- 
hydride (Behr,  ibid,,  ix.  35 1 ) .  On  treatment  with  nascent  hydrogen, 
it  yields  tricarballylic  acid.      But  few  of  its  salts  crystallize  well. 

By  heating  citric  acid  in  sealed  tubes  with  concentrated 
hydrochloric  acid  at  1 70°  (338  ®  F.)  Geuthcr  and  Hergt  {Jour.pr. 
Ckem.  [a],  viii.  37  a)  have  obtained  a  dibasic  acid  of  the  formula 
CjHjjOj,  which  they  term  diconic  acid;  this  acid  is  also  formed 
by  treating  aconitic  acid  in  a  similar  manner. 

Under  the  name  of  aceconitic  acid,  Baeyer  has  described  an 
add  obtained  by  the  action  of  sodium  on  ethylic  bromacetate, 
which  is  apparently  isomeric  with  aconitic  acid  {Ann.  Ckem. 
Pharm.,  cxxxv.  306). 

§  IX.  Acids  of  the  CnHj„_,.COOH  Series. 

(1909).  This  series  includes  tetrahydrobenzoic  add,  diallyl- 

acetic  acid,  and  the  following  homologous  acids  derived   from 

hydrocarbons  of  the  acetylene  series  :* 

Tetrolic  acid C,H3.(XX)H 

Soibicacid C,H,.COOH 

Palmitolic  acid     . C„H„.COOH 

Stearolic  acid C,,H,j.C(X)H 

Behenolic  acid C^H,,  COOH 

(19 10)  Tetrolic  Acid,  Methacetylenecarboxylic  add: 
C^H.O,  =  CH3.C=C.C00II,  was  originally  prepared  by  Geuthor 
bv  decomposing  ethylic  a-chlorocrotouate  (1894)  by  warming  it 
with  only  a  slight  excess  of  potassic  hydrate  and  a  little  alcohol, 
&c.  {Jour,  pr.  Ckem.  [2],  iii.  448).  It  has  since  been  obtained 
by  the  action   of  carbonic   anhydride  gas  on   sodium   allylene,t 

•  Chloro   and  bromopropiolic    acids  (1893)    are    derivatives  of  acetylene- 
•  carboxylio  acid,  HC^EEiC.COOH,  the  first  term  of  the  series. 

t  Sodium  allylene  is  obtained  by  the  action  of  sodium  on  an  ethereal  solution 
of  allylene.    When  isopropaoetylene  is  treated  with  sodium,  it>appmk  to  yield 
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CHj.C^CNa  (Lagermark,  Deut.  chem.  Ges.  Ber.,  xii.  853). 
Tetrolic  acid  crystallizes  from  water,  in  which  it  is  very  soluble,  in 
transparent  rhombic  plates, melting  at  76**"5  (i67°'7  F.) ;  according 
to  Geuther,  it  boils  without  decomposition  at  203°  (397°'4  F.)>  b^t, 
according  to  Lagermark,  it  partially  decomposes  and  is  completely 
resolved  into  allylene  and  carbonic  anhydride  ataboutaio^  (4io®F.). 
It  is  readily  decomposed  when  heated  with  potassic  hydrate  solu- 
tion, but  yields  volatile  products ;  probably  acetone  and  potassic 
carbonate  are  formed  (comp.  Eahlbaum,  iM(/.,  xii.  2337). 

(191 1)  SoBBic  Acid:  C,H,0,  =  C^H^.COOH.— This  acid  is  a  constituent 
of  the  unripe  berries  of  the  mountain  ash  (Sorbus  aucuparia).  It  crystallizes 
in  long  needles,  melting  at  I34°'5  (274  'i  F.),  almost  insoluble  in  cold,  but 
moderately  soluble  in  hot  water.  Sorbic  acid  readily  volatilizes  in  a  current  of 
steam.  On  distilling  it  alone,  it  commences  to  boil  at  about  230°  (446*^  F,),  but 
does  not  pass  over  entirely,  a  portion  undergoing  conversion  into  a  resinous 
substance;  the  odour  of  acraldehjde  is  perceptible  during  the  distillation.  It 
very  readily  combines  with  two  atoms  of  hydrogen,  forming  hydrosorbic  acid 
(1889).  It  also  combines  easily  with  bromine,  forming  either  a  dibromide 
(dibromhydrosorbic  acid),  C,HgBr,0,,  or  a  tetrabromide  (tetrabromocaproic  acid), 
C^H^Br^O,,  according  to  the  proportions  employed ;  these  compounds  both 
crystallize  well.  The  tetrabromide  is  reconverted  into  sorbic  acid  by  the  action 
of  nascent  hydrogen.  Sorbic  acid  is  less  readily  acted  upon  by  potassic  hydrate 
than  hydrosorbic  acid,  and  when  fused  with  it  does  not  appear  to  furnish  any 
characteristic  product  (comp.  Fittig  and  Barringer,  Aniu  Chem,  Fharm,,  cki.  307 ; 
Fittig  and  Eachel,  ibid.,  ckviii.  276,  cc.  55). 

(191 2)  DiALLYLACBTic  AciD :  C,H„0,  =  CH(C,HJ,.COOH.— This  acid 
is  obtained  by  the  action  of  alkalies  on  ethylic  aoetodiallylacetate  fp.  912).  It 
is  a  colourless  liquid,  boiling  at  224^  (435''*2  F.)  (Beboul,  Compt  Bend.,  Uxxiv. 
^^33f  y^o\ff,Beut  chem.  Ges.  Ber,,  x.  1956). 

(19 13)  Palmitolic  acid,  Cj^HjgO,  =  CjjH„.COOH,  prepared  from  the 
dibromcacid  obtained  by  combining  either  hypogseic  or  gaidic  acid  (1890) 
with  bromine  by  heating  it  with  an  alcoholic  solution  of  potassic  hydrate,  Ac, 
crystallizes  in  fine  silky  needles,  melting  at  42°  (107^*6  F.),  insoluble  in  water. 


both  sodium  isopropacetylene  and  sodium  isopropethylene,  as  two  acids  corre- 
sponding to  these  bodies  are  formed  on  treating  the  product  with  carbonic 
anhydride  (Lagermark). 

Demar^ay  has  stated  that  when  ethylic  acetomethacetate  (1827)  is  sub* 
mitted  to  the  action  of  bromine,  and  the  resulting  monobrorainated  derivative  is 
treated  with  an  alcoholic  solution  of  potassic  hydrate,  a  crystalline  acid  is  obtaint^ 
to  which  he  assigns  the  formula  Cj^Hj^O,  =  3C^H^0,  +  OH, ;  this  acid  is  said  to 
form  remarkable  salts,  the  group  C^H^O  acting  like  SiO,,  e.g.,  several  such  groups 
uniting  with  one  or  more  molecules  of  baric  oxide.  Homologous  acids  are  formed 
in  a  similar  manner  from  the  homologues  of  ethylic  acetomethacetate,  and  by 
acting  on  the  dibrominated  derivatives  of  the  homologues  of  ethylic  acetoacetate, 
corresponding  hydroxy-acids  are  produced.  These  acids  are  termed  tetric, 
•pentic,oxyteiric,  &c.,by  Demar9ay  {Compt.  Rend.^  Ixxxiv.  1032  ;  Ixxxvi.  1085, 
1 135;  Ixxxviii.  126,  289;  IxxxviL  351).  The  fonnation  ot  acids  of  such  a 
composition,  having  such  unusual  properties,  in  this  manner  appears  highly 
remarkable;  so  much  so  that  their  existence  must  be  regarded  as  problematioaL  i 
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but  Tery  easily  soluble  in  alcohol.  It  combines  with  bromine,  forming  a  dibtvi- 
mide,  Cj,H^Br,0,,  and  a  tetrabromide,  C^H^Br^,.  On  oxidation  with  nitrie 
acid,  it  yields  palmitoxylic  acid,  O^^H^O^,  a  monobasic  add  which  crystallisea  ia 
plates,  melting  at  6f{iS2'''6 F.),  together  with  snberic  add,  C^(COOH)^  mad 
a  third  substance  said  to  be  the  "  aldehyde-add,"  Cfi^fip  derived  from  snbeiie 
acid ;  but  judging  from  the  results  obtained  with  stearolic  add  (q.  ▼.)  tlie  sab- 
stance  supposed  to  have  this  composition  was  probably  impure  octylic  acid 
(Schroder,  ibid.,  cxliiL  22). 

(1914)  Stbabolic  Acid,  C„H„0,  =  Cj,H,j.COOH.— To  prepare  this 
add,  pure  oleic  acid  is  combined  with  bromine,  and  the  resulting  dibromide  heated 
in  the  water-bath  with  an  excess  of  an  alcoholic  solution  of  potassic  hydrate,  Ac 
It  may  also  be  obtained  from  elaidic  acid  (q.  v.)  (Overbeck,  Und.^  cxL  39). 
Stearolic  add  crystallizes  from  alcohol  in  long  white  prisms,  melting  at 
48°  (ii8''-4  F.),*  when  heated  to  a  temperature  of  about  260°  (500°  F.)  it 
distils  for  the  greater  part  unchanged.  If  mixed  with  a  single  molecule  of 
bromine,  it  forms  the  dibromide  C„H^6r,p|,  but  if  exposed  with  an  ezcseea  of 
bromine  to  sunlight,  the  tetrabromide,  C,,U^Br,0,,  is  produced.  Acoordiiig  to 
Orerbeck,  it  yields  stearoxylic  acid,  C^H^O*,  azekio  add,  C^j^(COOH)^  and 
the  "aldehyde-acid"  corresponding  with  the  latter;  but  according  to  Liimpacb, 
OverbeckV  aldehyde-acid  is  a  mixture  of  normal  primary  nonylic  (pelaigooie) 
acid,  C,H,,.COOH,  with  a  dinitroso-acid  {ibid.,  cxc.  294).  Stearoxylic 
add  crystallizes  from  alcohol  in  yellowish  glistening  plates,  meltiug  at  S6* 
(iBd'^'S  F.);  it  is  monobasic. 

(19 1 5)  Bbhenolic  Acid,  C^H^O,  =  C^H^.COOH,  prepared  firom  the 
dibromide  of  erucic  add,  crystallizes  from  alcohol  in  glistening  needles,  which 
melt  at  57^**5  (i35°'5  F.)  Like  palmitolic  and  stearolic  adds,  it  does  not  com- 
bine with  nascent  hydrogen,  but  unites  with  bromine  in  two  proportiona,  fonning 
a  dibromide  and  a  tetrabromide,  both  crystalline.  It  also  behaves  aimilaiiy  oa 
oxidation  with  nitric  acid,  yielding  a  monobasic  add  of  the  formula  C^H^O^, 
which  crystallizes  from  alcohol  in  small  glistening  yellowish  plates,  melting  at 
about  91°  (i95°-8  F.),  together  with  brassylic  add,  C,H,,(COOH),,  and  aa 
oily  substance  supposed  to  be  the  half  aldehyde  of  this  latter  acid,  but  whidk 
perhaps  is  impura  endecylio  acid,  C,^H,j.COOH  (Hausknecht,  ibid.^  cxliiL  40). 

(1916)  Tetrahydbobenzoic  Acid;  Hydrobenzoie  or  benzoleie  aeii, 
CyHj^O,  =  C^H^.COOU. — This  add,although  having  the  composition  of  amember 
of  the  CnH,Q_,.COOH  series,  is  not  truly  homologous  with  the  adda  previously 
described,  which  undoubtedly  are  all  derivatives  of  hydrocarbons  in  the  fonnuls 
of  which  the  carbon  atoms  are  represented  as  forming  an  open  chain  ;  whereas 
hydrobenzoic  add  is  derived  from  the  olosed  chain  hydrocarbon  C^H^^  formed 
by  the  union  of  four  atoms  of  hydrogen  with  benzene.  It  ia  prepared  by 
digesting  a  hot  saturated  solution  of  benzoic  acid  with  sodium  amalgam,  tiie 
solution  being  maintained  add  by  adding  hydrochloric  acid  from  time  to  time; 
the  solution  of  sodic  salt  thus  obtained  is  then  acidulated  and  the  hydrobenzoic 
add  extracted  with  ether  (Herrmann,  Ann,  Chefn,  PAarm,y  cxzxii.  77).  It 
is  alio  formed  together  with  benzylic  alcohol  and  glycine  by  the  action  of 
hydrating  agents  on  so-called  hydrobenzyluric  add,  C^^H^NO^  the  prodoot  of 
the  action  of  nascent  hydrogen  on  hippuric  add  (Otto,  ibid,,  cxxziv.  315). 
According  to  Herrmann,  it  is  a  mobile  colourless  liquid,  heavier  than  water,  in 
which  it  is  only  slightly  soluble,  and  possesses  an  extremely  unpleasant  odour 
like  that  of  \  aleric  add ;  bat  Otto  states  that  it  is  a  crystalline  substance.  Both 
the  acid  and  its  salts  rapidly  undergo  oxidation  on  exposure  to  the  air,  benzoic 
add  or  a  benzoate  being  formed,  and  therefore  it  is  very  di£Eu!ult  to  obtain  them 
Dure. 
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§  X.  Acids  op  the  C^H3n_^(COOH)5  Series. 

(1917)  Two  acids  of  this  series,  are  known^  aceiyUnedu 
rarboxylic  acid,  C2(COOH)3,  and  letrahydropkthalic  acid  (see 
phthalic  acid),  CgHg(C00H)5,. 

(1918)  ACETYLENEDICARBOXYLIC    AciD  :      COOH.C^C.COOH 

sC^HgO^. — ^Thisacid  is  formed  in  almost  theoretical  amount  on 
heating  dibromo-  or  isodibromosuccinic  acid  (1855)  with  excess 
of  an  alcoholic  solution  of  potassic  hydrate ;  a  violent  reaction 
takes  place,  especially  with  the  latter,  and  a  crystalline  precipi- 
tate of  the  potassic  salt  of  the  new  acid  separates  out.  This  is 
dissolved  in  water,  the  solution  acidulated  with  dilute  sulphuric 
acid,  extracted  with  ether,  and  the  ethereal  solution  is  then 
set  aside  to  crystallize.  Acetylenecarboxylic  acid  crystallizes 
with  two  molecules  of  water,  which  it  loses  on  exposure  over 
sulphuric  acid.  It  is  extremely  soluble  in  water,  alcohol  and 
ether  It  decomposes  slowly  at  100®  (212®  P.),  and  very  rapidly 
at  about  180°  (356°  F.).  Its  salts  crystallize  well,  but  are  very 
unstable  (Bandrowski,  Deut.  chem.  Ges,  Ber.,  x.  838;  xii.  2212). 

§  XL  The  Van't  Hoff-Le  Bel  Hypothesis  of  Isomerism. 

So  many  instances  of  exceptional  isomerism  have  been  referred 
to  in  describing  the  foregoing  acids,  that  it  appears  desirable  to 
discuss  these  before  proceeding  further. 

(191 9)  Insufficiency  of  the  fbesbnt  Theory  of  Isombrisii. — li 
is  DOW  a  well-established  fact  that  compounds  exist  diifering  more  or  less  con- 
siderably in  certain  physical  properties,  bat  so  similar  in  what  is  ordinarily 
termed  their  general  chemical  behaviour  that  they  can  only  be  represented  in 
accordance  with  oar  present  system  of  symbolic  notation  by  identical  formulae : 
in  other  words,  our  present  theory  of  isomerism  is  found  to  be  insufficient. 

The  compounds  referred  to  are,  among  others,  the  diphenylglyools  (hydro- 
benzoins),  mannitol  and  dulcitol  and  the  allied  carbohydrates  of  the  formula 
C^Hj^O,  as  well  as  mucic  and  saccharic  acids,  the  lactic  acids,  the  tartaric  acids, 
fumaric  and  maleic  acids,  and  the  two  pyrocitric  acids,  citraconio  and  mesaconic 
acids.  It  will  be  desirable  to  briefly  point  out  the  exceptional  instances  of  - 
isomerism  afforded  by  these  and  other  compounds  before  describing  the  hypo- 
thesis advanced  by  Van't  Hoff  and  Le  Bel  to  explain  such  cases  of  isomerism. 

Among  hydrocarbons,  the  only  example  of  isomerism  which  apparently 
cannot  be  explained  by  the  existing  theory,  is  that  furnished  by  those  of  the 
formula  C^^H^ — the  terpenes  and  citrenes*  The  number  of  distinct  terpenes  and 
citrenes  probably  is  much  fewer  than  is  commonly  supposed,  the  majority  of  the 
natural  products  being  mixtures ;  but  whatever  their  number  and  whatever  the 
relation  between  these  two  groups  of  hydrocarbons,  there  can  be  no  doubt  of  the 

*  Excepting  perhaps  sylvestrene,  all  the  hydrocarbons  of  the  formula  Cj^H,, 
derived  from  various  essential  oils,  &o.,  appear  to  belong  to  one  or  other  of  two 
classes:  those  boiling  at  about  156^  (312^*8  F.),  which  are  conveniently  termed 
terpenes,  and  those  boiling  at  about  178°  (352°'4  ^')y  which  may  be  distinguished 
as  cUrenee* 
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existence  of  at  leant  two  terpenes — one  dextrorotatory,  the  other  lievorotafcory— 
and  of  at  least  two  similarly  related  citrenes.  Chemically  these  isomeric  terpenei 
appear  to  be  in  no  way  distinguishable,  and  the  same  is  true  of  the  citrenes. 

Among  haloid  derivatives  of  hydrocai-bons,  no  such  instances  have  as  j«* 
been  met  with.  A  number  of  crystallinebaloid-nitro-derivatives  of  benzene 
have  been  obtained  in  two  or  more  forms,  differing  in  crystallographic  chamcten 
and  melting-point :  but  in  the  case  of  the  particular  compounds  referred  to»  it 
has  been  found  possible  not  only  to  convert  the  one  form  into  the  other  by 
merely  bringing  the  two  kinds  of  crystals  into  contact,  or  by  adding  tbe 
crystid  of  the  one  form  to  the  liquid  resulting  from  the  fusion  of  the  other ; 
but  also  to  effect  the  reverse  change  (i.e,,  to  convert  the  rektively  stable  into 
the  relatively  unstable  modification)  by  suddenly  cooling  the  fused  aabstancae 
(corop.  Jungfleisch,  Ann,  Chim.  Phys,  [4]  xv.,  186;  v.  Richter,  l>emi, 
ckem,  Ges,  ^w.  viii.  1427;  Laubenheimer,  iWrf.,  ix.  766).  Such  crystaUiae 
modifications  are  probably  composed  of  molecular  aggregates  of  differeat 
degrees  of  complexity;*  they  are  sharply  distinguished  from  isomeridea  of 
the  character  now  under  discussion  by  the  fact  that  although  it  is  passible  to 
convert  the  one  isomeride  into  the  other,  in  some  cases,  by  the  mere  agency  of 
heat,  the  reverse  change  cannot  be  effected  except  perhaps  by  an  indirect  prooesi 
involving  the  combination  of  the  substance  with  some  other  body,  and  the  sabce- 
quent  removal  of  the  elements  of  this  body. 

The  isomerism  of  the  two  diphenylglycols  known  as  hydrobenzoin  and  isohy- 
drobenzoin  has  already  been  discussed  (1525).  Further  experimental  evidence 
of  the  identity  of  the  two  alcohols  from  a  chemical  point  of  view  has  recently  been 
adduced  by  Zincke  and  Breuer  {Ann,  Chem,  PAhtw.  cxcviii.,  115),  and  itwooM 
appear  to  be  impossible  to  represent  their  behaviour  on  treatment  with  various 
reagents,  except  by  the  employment  of  the  same  formuk  for  both. 

Mannitol  and  dulcitol,  being  both  derivatives  of  normal  hexane  and  relatively 
very  stable  compounds,  are  necessarily  represented  by  the  one  formuLi 
CH,(OH).(CH.OH)^.CH,(OH)  (comp.  p.  559).  The  isomeric  carbohydnto 
— dextrose,  Isevulose  and  galactose — which  furnish  these  alcohols  on  hydro- 
genation,  are,  it  can  now  scarcely  be  doubted,  all  bodies  of  the  formula 
CUj(OH).(CH.OH)^.COH.  Saccharic  and  raucic  acids  must  also  be  represented 
by  one  formula,  COOH.(CH.OH)^.COOH,  both  on  account  of  their  relation  to 
nmnnitol  and  dulcitol,  and  of  their  general  chemical  behaviour. 

Oi-dinary  fermentation  lactic  acid  and  the  isomeric  optically  active  acid  do 
not  differ  in  any  of  their  reactions,  but  merely  in  their  optical  characters  and  in 
the  amounts  of  water  of  crystallization  associated  with  some  of  their  salts. 

Dextro-  and  laevotartaric  acids  exhibit  the  most  absolute  similarity  except- 
ing in  their  behaviour  in  polarized  light  and  the  position  of  a  certain  face  on  the 
crystals  ;  and  the  existing  theory  appears  to  be  quite  incapable  of  explaining  their 
isomerism.  The  illation  which  the  third  modification,  mesotartario  acid,  bears 
to  them  is  also  at  present  entirely  matter  for  speculation ;  there  would  appearto 
be  no  reason  to  suppose,  however,  that  it  differs  from  them  in  molecular  wei^t. 

Several  modifications  of  maleic  acid  corresponding  to  the  several  modifica- 
tions of  tartaric  acid  are  known.  Camphoric  acid  in  like  manner  exists  in  sevenl 
modifications,  corresponding,  it  would  seem,  to  those  of  tartaric  acid. 

The  acrylic  series  affords  several  exceptional  instances,  the  isomerism  of 
crotonic  and  isocrotonic  acids,  of  angelic  and  a/Sdiroethacrylic  acids,  and  pro- 

*  The  two  crystalline  modifications  of  dibromopropionic  acid  described  by 
Tollens,  iind  the  crystalline  modifications  of  diphenylketone,  phenyltolylketone, 
and  01  isohy drobenzoin  diacetate  are  also  doubUess  physical  modifications  of  this 
kind. 
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bably  also  of  oleic  and  elaidic  acids,  being  apparently  of  the  character  now  under 
diflcuseion. 

Maleio  and  famario  acids,  and  citraconio  and  mesaconic  acids,  are  especially 
interesting  examples  of  exceptional  isomerism.  Maleio  and  fnmaric  acids  both 
fnrnish  ordinary  snocinio  acid  when  hydrogenized,  and  they  may  be  distilled 
without  losing  the  elements  of  carbon  dioxide ;  we  must  therefore  consider  the 
two  carboxyl  groups  in  each  acid  to  be  associated  with  different  carbon  atoms. 
But  there  is  only  one  formula  possible  on  such  an  assumption,  viz., 
COOH.CH=CH.COOH;  unless,  as  Fittig  has  recently  suggested  (Ann.  Chem. 
Fharm,,  clxxxviii.  95),  it  be  supposed  that  in  so-called  unsaturated  compounds 
carbon  atoms  having  free  "  affinities"  may  be  present  (comp.  1058,  1227); 
on  this  assi^mption,  the  formula  COOH.CH^.C.COOH  is  also  possible. 

Similarly  there  are  only  two  formulse  by  which  it  is  possible  to  represent  the 
three  pyrocitrio  acids,  as  they  all  furnish  methylsuocinic  acid  when  hydrogenized; 
one  of  these,  viz.,  CH^C(COOH).CH,.COOH,  must  be  assigned  exclusively  to 
itaconic  acid ;  the  second,  viz.,  CH,.C(COOH)=CH.COOH,  applies  both  to  citra- 
conic  and  mesaconic  acids ;  we  may,  however,  as  Fittig  suggests,  represent  the  one 
acid  by  this  formula  and  the  other  by  the  formula  CH,.CH(COOH).C.COOH. 

This  hypothesis,  although  applicable  to  fumaric  and  maleio  acids,  and  to 
the  homologous  pyrocitric  acids,  and  also  to  the  above-mentioned  acids  of  the 
acrylic  series,  does  not,  however,  furnish  any  "  explanation"  of  the  isomerism 
of  saturated  compounds  such  as  mannitol  and  duloitoi,  the  tartaric  acids,  <&c. 

The  last  case  of  exceptional  isomerism  among  the  acids  to  which  attention 
may  be  here  drawn  is  that  of  the  two  hexhydromellitic  acids  (q.  v.),  both  of 
which  are  bodies  of  gpreat  stability. 

In  addition  to  the  before-mentioned  instances  among  compounds  in  all  of 
which  carbon  is  the  grouping  element,  the  isomerism  of  sulphur  diethmethiodide 
and  sulphur  ethmethethiodide  (p.  710),  in  which  sulphur  is  the  grouping  ele- 
ment, may  be  mentioned  as  probably  an  example  of  the  same  kind.  Among 
compounds  in  which  nitrogen  is  the  grouping  element,  the  dibenzoylanisyl  and 
dianisylbenzoyl  derivatives  of  hydroxylamiue  (q.  v.)  described  by  Lostien,  furnish 
instances  of  isomerism  which  it  is  difficult,  if  not  impossible,  to  explain  in 
accordance  with  the  existing  theory. 

The  formulse  at  present  employed  are  all  constructed  on  the  hypothesis  that 
the  several  *'  unittt  of  affinity"  of  a  polyad  atom  such  as  that  of  carbon,  sulphur, 
or  nitrogen,  are  of  the  same  value  and  have  identical  functions.  The  number  of 
isomerides  possible  on  this  assumption  is  much  fewer  than  on  the  hypothesis 
that  the  several  units  of  affinity  are  not  all  of  the  same  value ;  bat  the  admis- 
sion of  this  latter  hypothesis  is  precluded  by  the  fact  that  none  of  the  simpler 
derivatives  of  methane,  &c.,  exist  in  a  greater  number  of  modifications  than  is 
required  on  the  former  hypothesis :  for  if  we  bear  in  mind  the  extent  to  which 
the  investigation  of  these  simpler  derivatives  has  been  carried,  it  appears  highly 
improbable  that  some  evidence  of  the  existence  of  this  greater  number  of 
isomerides  would  not  ere  this  have  been  discovered. 

Assuming,  however,  that  graphic  formulse  really  represent  the  relative  mode 
of  arrangement  of  the  atoms,  it  may  be  supposed  that  even  if  in  a  compound 
such  as  methane  the  hydrogen  atoms  have  identical  functions,  isomeno  deriva- 
tives are  possible,  since  the  radicles  introduced  in  place  of  the  hydrogen  atoms 
may  occopy  relatively  different  positions.  Thns,  although  only  one  compound 
of  the  form  C(R')^  (I.)  and  one  of  the  form  C{R'),R*  {II.)  are  possible,  a  com- 
pound of  the  form  C(R'),(R'),  may  exist  in  two  {HI.  and  IV.),  and  one  of  the 
form  CR*R.*R*R*in  no  leas  than  three  modifications  (V.,  VI.,  and  VII.);  and  in 
the  formula  C(R'),R^  (VHL)  the  radicle  (R')^  has  a  different  value  from  that 
of  either  of  the  radicles  (R^)*  on  account  of  the  difference  in  its  position  rela- 
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ttrelj  to  R*,  80  that  in  a  compound  such  aa  chloromethane,  for  example,  one  of 
the  hydrogen  atoms  should  have  a  special  value.  Conclusions  of  thia  kind  are 
•o  manifestly  opposed  to  all  experience  that  they  may  at  once  be  diamiaaed  Crora 
consideration. 
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(1920)  The  Van't  Hoff-Lb  Bel  Asymmetbic  Cabboh  Atom  Hypo- 
THB8IB. — A  system  of  formula  based  on  the  arrangement  of  the  symbolB  in 
space,  instead  of  in  a  single  plane,  to  which  these  objections  do  not  apply,  has 
been  proposed  by  Yan't  Hoff  (Za  Chimie  dans  rJEspace:  P.  M.  Bazendijk, 
Rotterdam,  1875 ;  ^^  ^^  Herrmann's  adaptation  of  the  same :  Die  Lagerumg 
der  Aiome  im  Baume) ;  and  similar  views  have  been  independently  advocated 
by  Le  Bel  {BulL  80c,  Chem.,  xxii.  337 ;  comp.  ibid,,  xxiii.  295). 
Xr  Van*t  Hoff  represents  each  carbon  atom  as  occupying  the  centre  of  a  tetsa- 
hedron  with  iU  four  affinities  directed  towards  the  four  solid  angles  where  the 

four  radicles  associated  with 
the  carbon  atomareaitaated. 
Compounds  of  the  fiaroa 
C(R),R',  C(R),(R^)..  and 
C(R).R'R'  cannot,  on  this 
hypothesis,  exist  in  iaome- 
ric  modifications,  as  a  dif- 
ference in  the  relative  posi- 
tions of  the  various  radi* 
des  is  not  conceivable ;  but  if  all  four  radicles  are  different,  two  modificatioiis 
are  possible,  jnst  as  two  non-superposable  tetrahedra  may  be  formed  from 
the  octahedron,  the  relation  of  the  one  to  the  other  being  that  of  an  object  to  its 
reflected  image.  The  two  modifications  are  represented  by  Figs.  IX.  and  X. ;  sop- 


XI. 


posing  an  observer  to  be  lying  along  the  edge  R*R',with  his  heaid 
at  R\  looking  towards  R'R^  he  would  see  R'  on  his  right  hand 
in  the  one  case  (IX.),  and  on  his  left  hand  in  the  other  (X.) 

As  the  tetrahedron  representing  the  combination  CR*R'R*R^ 
has  no  plane  of  symmetry,  a  carbon  atom  associated  with  four 
dissimilar  radicles  may  be  termed  an  asymmetric  carbon  atom. 
The  presence  of  an  asymmetric  carbon  atom  in  a  formula  may 
be  indicated  by  an  italicised  C 

A  combination  of  two  carbon  atoms  associated  by  a  single 
affinity  of  each  is  represented  by  two  tetrahedrons  joined  toge- 
ther as  in  Fig.  XI. 

A  simpler  symbol  of  such  a  combination  is  obtuned  by 
supposing  the  four  angles  R^R'R^R^  of  this  Figure  to  be  in  the 
same  plane,  and  folding  down  the  triangles  R*R*R*  and  R*R*R* 
in  this  plane,  thus  producing  the  Fig.  XII.  Further,  let  it 
be  assumed  that  the  system  rotates  about  an  axis  joining  the  two  carbon  atomic 
Then  it  is  evident  that  Figs.  XII.  and  XIIL  merely  repr|^gjt  ^^ame  comlana. 
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tion  at  two  phases  of  rotation ;  but  Figs.  XII.  and  XIY.  represent  isomerides, 
einoe  in  the  ope  case  both  groups  are  rotating  in  a  positive  direction,  and  in  the 
other  one  in  the  positive,  and  the  other  in  the  negative  direction. 


xin. 


XIV. 


Hencei  in  the  case  of  a  compound  containing  two  singly  united  asymmetric 
carbon  atoms,  four  modifications  are  possible,  represented  by  the  Pigs.  XIII.,  XIV., 
XV.  and  XVI.  If  the  order  of  rotation  R'R'R*  be  denoted  by  tlie  symbol  +  A, 
and  rotation  in  the  opposite  direction  by  the  symbol  —  A,  and  the  rotation  of 
the  radicles  R*R*R*  in  like  manner  by  +  B  and  -  B,  these  four  modifications 
are  represented  by  the  symbols : 

+  A  -A  +A  -A 

+  B  +B  -B  -B 

If,  however,  only  one  of  the  carbon  atoms  be  asymmetric,  the  number  of 
possible  isomerides  is  reduced  to  two  (Figs.  XVII.  and  XVIII.),  since  the  order  of 
succession  of  the  radicles  asssociated  with  the  symmetric  carbon  atom  cannot  be 
varied,  and  therefore  +  B  =  -  R 


XVU. 


XVIII. 


A  compound  containing  three  asymmetric  carbon  atoms  may  exist  in  eight 
modifications,  viz. : 

+  A         +A         +A  +A          -A         -A  -A         -A 

+  B         -B          +B  -B          +B         -B  +B         -B 

+  C         +C         -C  -C           +C         +C  -C      ^C       , 
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One  containing  four  may  exist  in  aixteen,  one  oontauing  five  in  ihiity*fewo 
modifications :  or,  generally,  a  compound  of  ansymmetrical  formnla  oontaining 
n  asymmetric  carbon  atoms  may  exist  in  (2)*  modifications. 

If,  however,  the  compound  be  represented  by  a  symmetrical  formnla,  the 
number  of  possible  isomerides  is  somewhat  less.  Taking  the  simplest  case  cf 
the  kind,  a  body  of  the  formula  C(R'R*R*).C(R'E*R*),  it  is  evident  tiat 
although  the  radicles  associated  with  each  carbon  atom  are  different  amongst 
themselves,  the  compound  nevertheless  consists  of  two  similarly  oonstitated 
halves.  This  being  so,  A  =  B,  and  it  is  easy  to  see  that  instead  of  the  fiHsr 
isomerides  indicated  by  the  symbols 

+  A  +A  -A  -A 

+  A  -A  +A  -A 

only  three  are  possible,  since 

+  A       =        -A 
-A       =        +A 
the  one  being  merely  the  reversal  of  the  other  in  space. 
To  take  a  less  simple  case  such  as  the  following : 

C(R'R'R*)  C(R^R*)  C(R*R*)  C(R'R*R«). 
If  the  formula  were  not  symmetrical,  such  a  compound  should  exist  in 


2*  = 

16  modifications,  viz: 
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But  since  A  =  D  and  B  =  C,  replacing  D  by  A  and  0  by  B,  it  is  evident  that 
the  symbols  2,  3,  4,  6,  8,  12,  are  merely  reversals  of  the  symbols  9,  5,  13,  11, 
15,  14,  so  that  only  the  ten  following  isomeric  modifications  appear  possible: 
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The  number  of  isomerides  possible  of  a  compound  represented  by  a  symmetrieal 
formula  containing  n  asymmetric  carbon  atoms  is  therefore : 

(2)1    +    (2)"    -     (2)J 


or,  since  there  must  always  be  an  even  number  of  asymmetric  carbon  atoms  in  a 
compound  of  symmetrical  formula,  we  may  substitute  2p  for  n ;  hence 


(2)»    +    ('>•'-(')''    =    (2).-'(l   +  2"') 


A  compound  oontaining  two  carbon  atoms  united  by  two  affinities  of  each  is 
represented  by  two  tetrahedrons  joined  together  by  one  edge  (Fig.  XIX.)  If  the 
radicles  B^R'R^R^  satisfying  the  remwning  four  affinities  of  the  carbon  atoms 
are  identical,  only  one  such  figure  can  be  drawn ;  but  if  R^  be  different  fronfR*. 
and  at  the  same  time  R,  be  different  from  R^— it  being  immaterial  whether  R* 
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and  B'  and  R'  and  R^  respectively  are  different  or  identical — two  Bach  figurei 
ean  be  oonBtracted  (XIX.  and  XX.)  in  which  the  radicles  R^R'  occupy  different 
positions  relatively  to  the  radicles  R'R*. 

XIX.  XX. 


SJ/ /  \  X 

In  other  words,  a  oompoand  of  the  form  C(R^R*)=C(R'RO  may  exist  in  two 

isomeric  modifications. 

The  Van't  Hoff  hypothesis  does  not  indicate  a  greater  number  of  isomerides 

than  our  present  theory  in  the  case  of  compounds  containing  carbon  atoms 

united  by  three  affinities  of  each  (acetylene  derivatives),  or  in  the  case  of  benzene 

derivatives. 

When  the  formuln  of  the  various  saturated  compounds  before  mentioned  as 

affording  exceptional  instances  of  isomerism  are  scrutinized,  it  will  be  evident 

that  they  all  contain  one  or  more  asymmetric  carbon  atoms,  thus : 

Mannitol  and  dulcitol CH,(OH).(CH.OH),.CH,(OH) 

Dextro-  and  lavo-glucose  and  galactose   CH,(OH).(CH.OH)^.COH 
Saccharic  and  mucic  acid       ....  COOH  (CH.OH),.COOH 
Hydrobenzoin  and  isohydrobenzoin     .  C,H,.CH(OH).CH(OH).C,H, 

Lactic  acid CH3.C7H(OH).COOH 

Malic  acid COOH.CH,.CH(OH).COOH 

Tartaric  acid COOH.  CH(OH).CH(OH)  COOH 

The  exceptional  instances  occurring  in  the  acrylic  series  and  in  the 
CnH,n-t(COOH)j  series,  would  also  appear  to  meet  with  an  expknation  on 
Yan't  Hoff's  hypothesis.  Whether  the  isomerism  of  the  terpenes  and  citrenes, 
of  the  camphors,  and  of  a  few  other  compounds,  could  also  be  accounted  for  in 
a  similar  way,  cannot  at  present  be  decided,  as  we  are  not  yet  sufficientl}''  ac- 
quainted with  their  constitution.  The  sufficiency  of  the  explanation  which  is 
apparently  afforded  by  Van*t  Hoff's  hypothesis  will  be  discussed  later  on. 

(192 1 )  Constitution  op  Optically  Active  Bodies. —Since  the  large 
m^ority  of  crystalline  circularly  polarizing  bodies  are  destitute  of  optical  activity 
in  the  amorphous  and  liquid  stntes,  the  property  of  circular  polarization  possessed  by 
such  bodies  must  be  ascribed  to  a  peculiar  arrangement  of  the  molecules,  and  not 
to  any  speciality  of  constitution  of  the  molecules  themselves.  The  constant  cor- 
relation of  the  position  of  the  hemihedral  faces  on  the  crystals,  and  the  direction 
in  which  the  plane  of  polarization  is  deflected  by  a  substance,  led  Pasteur  to 
infer  that  the  molecules  are  arranged  in  such  crystals  in  a  right-  or  leil-handed 
spiral ;  this  view  has  received  much  support  from  Sohncke's  observation,  that  by 
arranging  a  number  of  thin  plates  of  optically  biaxial  mica  so  that  the  principal 
section  of  each  plate  is  equally  inclined  (by  an  angle  of  45**,  60°,  90^  or  120**) 
to  that  of  the  previous  plate,  a  combination  may  be  obtained  which  behaves  like 
an  optically  active  crystal,  rotating  the  plane  of  polarization  either  to  the  right 
or  to  the  left  according  to  the  direction  in  which  the  combination  is  arranged. 

Digitized  by  VjOOQIC 


990  VAN^T   HOTY-US   BEL   HYPOTHESIS   OF.  ISOMBRISBC.  [l92I. 

Extending  this  view  to  the  molecules  themselves  of  bodies  wbicfa  are  «pti- 
cally  active  in  the  amorphous  or  liquid,  but  not  in  the  crystalline  state.  Paslear 
inferred  that  they  al«o  were  characterized  by  an  absence  of  symmettj,  and  tliat 
they  were  similar  in  constitution  to  the  groups  of  molecules  forming  the  erjMk 
of  bodies  active  only  in  the  crystalline  condition.  This,  however,  is  precLse^ 
the  character  of  a  compound  of  the  form  CR^R'R'R*.  The  four  radicles  being 
different  will  be  unequally  attracted,  and  consequently  at  different  distanffi 
from  the  carbon  atom,  so  that  the  compound  will  have  no  plane  of  symmetry ; 
moreover,  the  two  tetrahedra  which  represent  the  two  possible  modificatioiis  of 
a  compound  containing  a  single  asymmetric  carbon  atom,  exhibit  in  relation  to 
an  axis  drawn  parallel  to  corresponding  edges  a  right-handed  scTew-like  groaping 
of  the  radicles  in  the  one  case,  and  a  lell-handed  screw-like  grouping  in  the 
other.  The  compound  of  the  one  form  may  therefore  be  expected  to  cause  the 
rotation  of  a  plane  polarized  ray  to  the  right,  and  the  other  its  rotation  to  aa 
equal  extent  in  the  opposite  direction,  excepting  in  the  case  of  the  compooDd 
being  of  symmetrical  formula,  when,  if  the  two  equal  groups  composing  it  exer- 
cise the  opposite  effect  on  polarized  light,  it  will  be  inactive. 

Le  Bel  and  Yan't  Hoff  have  pointed  out  as  a  matter  of  fact  that  all  optieaUj 
active  bodies  of  known  constitution*  contain  one  or  more  asymmetric  carbon 
atoms  in  their  formula,  as  will  be  evident  from  the  following  examples  : — 

Lactic  acid CH,.CH(OH).COOH 

Malic  acid C00H.CH,.CH(0H).C0OH 

Tartaric  acid C00H.(7H(0H).CH(OH).C0OH 

Tartramide C0NH,.CH(0H).CH(OH).CONH, 

Seoondary-butyloarbinol  (active  amylic  alcohol)  CH3.CH,.CH(CHJ.CH,(0HJ 

Methethaoetic  acid C,H,.(7H(CH,).C00H 

HydroxygluUrio  acid COOH.CH,.CH,.  CH(0H).O00H 

Secondary-butylaoeticacid  (active  valeric  acid)  CH,.CH,.CH(CH,).COOH 

Manuitol CH,(OH).(CH.OH),.CH,(OH) 

Glucose CH,(OH).(CH.OH)^.(X)H 

Saccharic  acid COOH.(CH.OH),.COOH 

Phenylhydroxyacetic  (mandelic)  add  .     .     .  C,H,.CH(OH).OOOH 

As  previously  shown,  a  compound  of  unsymmetrical  formula  contuning  • 
asymmetric  carbon  atoms  may  exist  in  (2)*^  modifications,  a  compound  of  tiie 
form  C(B^R'B'),  C(R*B^R"),  for  example,  exhibiting  the  four  modifications 

+  A  +A  -A  -A 

I.  2.  3.  4. 

+  B  -B  +B  -B 

Representing  the  rotatory  power  of  the  group  A  by  the  symbol  +  A  or  —  A 
and  that  of  the  group  B  by  +  B  or  —  B,  the  rotatory  power  of  each  of  these 
modifioations  will  be  u  follows : 

I.  A  +  B  2.— A-B         3.-A  +  B         4.   -A-B 

Hence  i  and  4  and  2  and  3  will  have  equal  but  opposite  rotatory  powers,  and 
it  may  be  shown  that  always  in  the  case  of  compounds  of  unsymmetriosl  fisrmnla 
one-half  the  isomerides  are  respectively  of  equal  but  opposite  rotatory  power  to 
the  other  half- 

A  compound  of  symmetrical  formula,  with  two  asymmetric  oarbon  atoms,  maj 
exist  in  three  modifications ;  the  rotatory  powers  of  these  will  be 

A  +  A  =  2A  A-A  =  0  -A-A=-2A 

*  It  is  highly  probable  that  this  is  true  of  all  optically  active  bodies,  since  the 
great  majority  are  compounds  of  considerable  complexity,  as  for  instance  the 
carbohydrates,  the  gluoosides,  the  alkaloids,  the  albuminc^Ml^^^^ qqq[^ 
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Two  only  of  tbe  modificatioDB  of  such  a  oompoand,  in  fact,  will  manifest  optical 
activity,  the  two  groups  of  which  one  is  oomposed  compensating  each  other  in 
their  action  on  polarized  light.  The  three  modifications  of  tartaric  acid — deitro-, 
IsBvo-  and  mesotartaric  acid— which  may  be  regarded  as  the  three  positible  modifi- 
cations of  a  compound  of  the  formula  OOOH.  C1I(0H) .  (7H(0H).C00H,  illustrate 
this  in  a  most  striking  manner. 

Whether  the  mere  presence  of  an  asymmetric  carboil  atom  in  a  compound 
is  sufficient  to  endue  it  with  optical  activity,  or  whether  it  is  essential  that 
the  radicles  associated  with  the  carbon  atom  should  be  of  a  particular  cha- 
racter and  the  compound  of  a  particular  type,  is  at  present  entirely  matter  for 
speculation.  With  reference  to  this  point,  however,  it  is  an  interesting  £act 
that  the  simplest  known  optically  active  body  (lactic  acid)  contains  three  carbon 
atoms. 

According  to  Yan't  Hoff  and  Le  Bel,  if  a  body  which  does  not  contain  an  asym- 
metric carbon  atom  be  converted  either  by  substitution  or  addition  into  a  com- 
pound containing  one  or  more  asymmetric  carbon  atoms,  it  is  to  be  expected 
that  isomerides  of  equal  and  opposite  rotatory  power  will  be  produced  in  equal 
quantities,  and  the  product  will  consequently  be  inactive.  This  has  be«n  shown 
actually  to  be  the  case,  Jungfleisch  having  found  that  the  tartaric  acid  prepared 
artificially  from  succinic  acid  is  a  mixture  of  racemic  and  mesotartaric  acids, 
while  Le  Bel  has  proved  that  inactive  synthetically  prepared  methylpropylcar- 
binol  is  a  mixture  of  optically  active  isomerides  of  opposite  rotatory  power. 
Moreover,  according  to  Yan't  Hoff,  there  is  little  hope  of  obtaining  an  optically 
active  body  from  an  inactive  compound  containing  asymmetric  carbon  atoms  but 
of  symmetrical  formula  by  destroying  its  symmetrical  character.  For  example, 
eiythrol  (erythrite) 

CH,(0H).C7H(0H).CH(0H).CH,(0H) 
may  be  converted  by  distillation  with  formic  acid  into  the  glycol 

CH,(OH).CH(OH).CHzCH, 
and  tA  this  is  a  body  of  unsymmetrical  formula  and  contains  an  aaymmetric 
carbon  atom,  it  should  by  hypothesis  be  optically  active.  But  it  is  probable 
that  while  the  group  A  of  a  certain  number  of  erythrol  molecules  would  be 
attacked,  the  group  —  A  of  an  equal  number  of  other  molecules  would  undergo  a 
like  change,  so  that  the  product  would  be  an  inactive  mixture  of  bodies  of  equal 
but  opposite  rotatory  power ;  thus 

2CH,(OH).OH(OH).(7H(OH).CH,(OH)        would  give 

A  -A 

CH,(OH).  CH(OH).CHlCH,  +  CH-CH.CH(OH).CH,(OH) 

A  in 

A  most  important  method  of  discriminating  such  mixtures  of  oppositely 
active  bodies  has  been  indicated  by  Pasteur  and  Le  Bel.  Pa»teur  long  ago 
observed  that  when  a  minute  organism,  the  Penicillium  glaucum,  was  allowed 
to  vegetate  in  a  dilute  solution  of  racemic  acid,  it  exercised  a  selective  efieot, 
oxidizing  the  dextro-  more  readily  than  the  Isevotartaric  acid,  so  that  the  solution, 
from  being  inatttive,  gradually  acquired  a  Isevorotatory  power.  Beoently  Le  Bel 
has  shown  (Compt,  Send,,  Ixxxix.  312)  that  when  the  inactive  amy  lie  alcohol 
obtained  by  distilling  the  ordinary  Isevorotatory  alcohol  of  fermentation  with 
sodio  hydrate  is  similarly  treated,  it  yields  a  dextrorotatory  amylic  alcohol,  and 
that  inactive  methylpropylcarbinol  prepared  by  the  action  of  nascent  hydrogen 
on  methylpropylketone  when  thus  treated  yields  methylpropylcarbinol  of  con- 
siderable hevorotatory  power  (as  ==  —12^-3  per  220  mm.). 
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(1922)  Pbobablb  ikbufficibbcy  of  the  Vau't  Hoff-Lb  Bel  Htpo- 
THB8I8. — The  differences  manifested  by  the  two  optically  active  modifications  of 
tartaric  acid  would  appear  to  be  precisely  of  the  character  that  might  be  ex- 
pected, supposing  them  to  be  related  in  constitution  in  the  manner  indicated 
by  the  asymmetric  carbon  atom  hypothesis,  for  in  chemical  and  many  of  their 
physical  properties  they  are  indistinguishable;  they  differ  only  in  respect  of 
their  crystallographic  characters,  their  pyroelectrical  relations,  and  their  beha- 
viour in  polarized  light,  the  difference  bdng  always  of  such  a  character  that  a 
particular  property  is  developed  to  precisely  the  same  extent,  but  in  opposite 
directions,  by  the  two  modifications. 

This  is  very  probably  true  also  of  the  optically  active  malic  acids  and  of  the 
active  camphoric  acids,  also  of  the  optically  active  terpenes,  oitrenes,  and  cam- 
phors ;  but  it  is  not  true  with  regard  to  the  majority  of  exceptional  iostaiMss 
of  isomerism  that  have  been  mentioned.  The  differences  noticeable  betweca 
mannitol  and  dulcitol,  the  hydrobenzoins,  the  glucoses— -dextrose,  Isevuloae  and 
galactose — mucic  and  saccharic  acids,  certain  acids  of  the  acrylic  seriesy  maiie 
and  fumaric  acids,  the  pyrocitric  acids,  &c.,  are  so  considerable,  however,  that  it 
does  not  appear  probable  that  they  are  related  merely  in  the  manner  soppoeed 
by  the  Yan't  Hoff-Le  Bel  hypothesis. 

Again,  although  the  hypothesis  appears  to  afford  a  very  satisfactory  es^ana- 
tion  of  the  relationship  of  the  isomeric  taitaric  acids,  there  are  a  number  of  fads 
which  throw  much  doubt  on  its  sufficiency  as  an  explanation  of  the  constiUitioB 
of  optically  active  compounds  generally.  Thus,  malic  acid,  which  manifests  a 
slight  Ifevorotatory  power  in  a  pure  aqueous  solution,  acquires  an  increased  hevo- 
rotatory  power  on  the  addition  of  boric  acid,  but  is  dextrorotatory  in  preaenee 
of  nitric  acid.  It  cannot  be  supposed,  in  explanation  of  those  phenomena,  that 
the  molecule  consists  pf  two  symmetrical  halves  +  A.  and  —  A,  and  that  the 
rotatory  power  of  the  one  half  alone  is  infiueuced  by  the  boric  acid  and  that  of 
the  other  half  by  the  nitric  acid,  since  malic  acid,  COOH.CH,.CH(OH).0(X)H. 
contains  only  a  single  asymmetric  carbon  atom.  Asparagine  and  aspartic  acid  and 
mannitol  exhibit  a  similar  behaviour,  which  is  equally  difficult  to  understand.  "Hien 
the  anomalous  rotatory  dispersive  power  of  aqueous  solutions  of  tartaric  add 
(Arndtsen,  Ann.  Chim,  Phtfs,  1858,  iv.  403)  almost  necessitates  the  aasumptioii 
that  the  acid  forms  a  compound  with  water  opposite  to  itself  in  rotatory  power ; 
the  formation  of  a  body  having  a  reversed  rotatory  power  as  compared  with 
that  of  the  parent  substance  from  a  compound  like  dextrotartaric  acid  which, 
according  to  Yan't  Hoff*s  hypothesis,  has  the  constitution  2  A — t.e.,  is  composed 
of  two  si.iiilar  dextrorotaix)ry  groups — is,  however,  not  easy  to  understaiid. 
Lastly,  whether  the  inactivity  of  mannitol — the  slight  rotatory  power  which  it 
manifests  is  probably  to  be  ascribed  to  the  presence  of  impurity  (comp.  Miintz 
and  Aubin,  Ann,  Chim,  Phys,  [5],  x.  533) — be  regarded  as  the  result  of 
external  or  internal  compensation — t.e.,  whether  it  is  similar  in  constitution  to 
racemic  or  roesotartaric  acid — a  symmetrical  alteration  in  it.^  composition  shonld 
not  have  the  effect  of  converting  it  into  an  optically  active  body,  whereas,  ast  a 
matter  of  fact,  the  hexacetate,  hexnitrate  and  hexsulphate  prepared  from  it  are 
powerfully  dextrorotatory  substances. 

The  readiness  with  which  many  optically  active  bodies  undergo  a  permanent 
alteration  in  rotatory  power  is  also  highly  remarkable.  Thus  ordinary  tartaric 
acid  may  be  converted  by  mere  heating  into  mesotartaric  and  racemic  acid,  and 
in  the  same  way  mesotartaric  acid  may  be  transformed  into  racemic  acid. 
Camphoric  acid  behaves  similarly.  The  hydrogenation  of  camphor,  according 
to  Montgolfier,  results  in  the  formation  of  two  distinct  c>imphols,  Cj^H^^.OH, 
of  equal  and  opposite  rotatory  power,  both  of  which,  however,  give  the  same 
dextrocamphor  on  oxidation. 
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Probably,  however,  the  most  weighty  objection  that  can  be  raised  to  the 
hypothesis  is  that  certainly  the  majority,  if  not  all,  the  isomeric  compounds  which 
have  been  mentioned  as  exceptional  instances  of  isomerism  have  different 
energies,  as  shown  by  the  fact  that  they  differ  not  only  in  physical  propirties, 
but  more  particularly  in  the  relative  degrees  of  readiness  with  which  they  enter 
into  coDibination  or  reaction  with  other  bodies.  The  mere  grouping  of  tlie  atoms 
in  a  positive  or  negative  direction  would  scarcely  result  in  such  a  difference.    . 

The  question  remains  whether  a  slight  extension  of  the  hypothesis  will  not 
render  it  capable  of  including  all  the  phenomena.  The  kinetic  theory  of  gases 
seems  to  be  in  complete  accord  with  all  known  facts,  and  it  would  appear  that  we 
are  fully  justified  in  accepting  the  molecular  theory  of  the  constitution  of  matter 
(comp.  Osborne  Reynold,  Trans.  Roy,  Soc,  1879,  727) ;  it  is  going  but  a  slight 
step  further  to  suppose  that  the  molecules  themselves  consist  ot  atoms  occupying 
oertHin  relative  mean  po«itionB,and  that  our  formulae  are,  to  a  certain  extent, correct 
reprcMentations  of  the  relative  mean  positions  of  the  atoms.  Are  we  not  perhaps 
justified  in  supposing  that  there  are  two  classes  of  isomerides — ordinary  isomerides, 
in  which  the  atoms  occupy  relatively  different  positions ;  and  "  exceptional" 
isomerides,  in  which  the  atoms  occupy  relatively  similar  positions,  but  in  which 
they  are  situate  at  different  distances  apart  P 

§  XI.  Acids  of  thb  Furpuryl  Group. 

Under  this  heading  a  number  of  acids  are  conveniently 
described^  which  probably  are  derived  from^  or  more  or  less 
closely  related  to,  the  compound  C^H^O,  of  which  furfuraldehyde 
is  a  derivative  {1662,), 

(1923)  Pyromucic  ACID :  C,Hp,=C,H30.C00H.— This  acid 
is  a  product  of  the  dry  distillation  of  mucic  acid,  but  it  is  formed 
in  such  small  quantity  that  it  cannot  well  be  prepared  in  this 
manner ;  it  is  also  obtained  on  oxidizing  furfaraldehyde  either  by 
means  of  argentiq  hydrate,  or  an  alcoholic  solution  of  potassic 
hydrate,  the  amount  obtained  by  the  latter  method  being  equal 
to  one- third  the  weight  of  the  iurfuraldehyde  employed  (comp. 
Limpricht,  Ann,  Chem.  Pharm.,  clxv.  278). 

Pyromucic  acid  crystallizes  in  colourless  plates  or  needles 
which  melt  at  134°  (273°'a  F.)  ,•  it  is  easily  soluble  in  alcohol 
and  boiling  water,  but  much  less  soluble  in  cold  water.  Ethylic 
pyromucate,  6,11303(0311^),  crystallizes  in  plates  which  melt  at 
34^  (93°- 2  F.),  and  boils  at  210°  (410°  P.). 

Pyromucic  acid  is  not  acted  on  by  acetic  chloride,  and 
when  treated  with  phosphoric  pentachloride  it  yields  a  chloride 
which  is  decomposed  by  water,  and  reconverted  into  pyromucic 
acid. 

On  dry  distillation  of  baric  pyromucate  with  soda-lime,  a  small 
quantity  of  a  compound  of  the  formula  C^H^O,  termed  by 
Limpricht  (loc.  (At.)  tetraphenol,  is  produced ;  this  compound, 
however,  has  none  of  the  properties  of  a  phenol :  it  is  a  colour- 
less  liquid    of  peculiar  odour,  boiling  at  34°  (93°*^  ^')cVk§\}?ic 
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not  acted  on  by  sodium  or  by  alkalies^  but  is  at  once  attacked 
by  acids  and  converted  into  so-called  pyrrol-red. 

The  behaviour  of  pyromucic  acid  on  treatment  with  bromine 
id  of  considerable  interest.  When  submitted  to  the  action  of 
dry  bromine,  it  forms  a  crystalline  tetrabromide,  C^H^Br^O^  the 
ethylic  salt  of  which  is  obtained  in  a  similar  manner  from  ethylic 
pyromucate;  ethylic  pyromucate  also  combines  with  chlorine, 
forming  a  tetrachloride. 

Pyromucic  acid  tetrabromide  melts  at  about  160*^  {320^  P.), 
but  is  at  the  same  time  decomposed;  its  ethylic  salt  melts  at 
47°  (ii6°*6  F.)-  Both  compounds  are  very  readily  reconverted 
into  the  parent  substances  by  the  action  of  reducing  agents. 
The  former  is  insoluble  in  cold  water ;  hot  water  acts  upon  it 
violently,  decomposing  it  with  evolution  of  carbonic  anhydride; 
on  oxidation  with  a  dilute  solution  of  chromic  acid,  it  is  converted 
into  dibromosuccinic  acid.  By  acting  upon  pyromucic  acid 
tetrabromide  with  an  alcoholic  solution  of  potassic  hydrate, 
dibromopyromucic  acid,  C^H^Br^O,,  is  formed ;  this  acid  crystal- 
lizes from  water  in  colourless  scales,  melting  at  185°  (3^5^  P-); 
it  is  a  body  of  considerable  stability,  resisting  the  action  of  a 
boiling  chromic  acid  solution  (Tonnies,  DttU,  chem.  Ges,  Ber,,  xi. 
ko85). 

When  bromine  is  added  to  an  aqueous  solution  of  pyromncic 
ftcid^  carbonic  anhydride  is  evolved,  the  colour  of  the  bromine 
yapidly  disappearing  until  two  molecular  proportions  have  been 
added  to  a  single  molecular  proportion  of  the  acid ;  the  product, 
as  a  rule,  is  a  monobasic  acid  of  the  formula  C^H^O,,  which  may  be 
extracted  by  ether,  but  sometimes  a  body  of  the  formida  C^H^BrO, 
is  obtained  instead,  the  precise  conditions  under  which  the  one 
or  the  other  is  produced  being  unknown  (limpricht).  The  com- 
pound C^H^O,  crystallizes  with  difficulty ;  on  adding  baric  hydrate 
to  its  aqueous  solution^  immediately  the  latter  is  neutnJized, 
it  becomes  yellow,  and  a  yellow  precipitate  is  then  throvm  down. 
If  the  original  crude  solution  of  the  compound  C^H^O,  be  concen- 
trated on  the  water-bath,  it  deposits  crystals  of  fumaric  acid; 
and  this  acid  is  also  obtained  if,  after  adding  bromine,  the  solu- 
tion be  digested  with  argentic  hydrate :  the  amount  produced  is, 
however,  relatively  small  (comp,  Baeyer,  ibid.,  x.  1361).  The 
compound  C^H,BrOj  crystallizes  in  white  needles,  having  a  cam- 
phor-like odour;  it  melts  at  84°  (i83°:rj  F.),  and  although 
insoluble  in  water,  readily  volatilizes  in  a  current  of  steam. 
On  reduction,  it  yields  the  compound  C^H^Og,  which  is  a  colour- 
less   strongly    refracting   liquid,  having    a   benzene-likeiodoiir. 
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insoluble  in  water;  this  compound  is  not  altered  by  concentrated 
hydrochloric  acid  or  by  alkalies^  and  does  not  combine  with  acid 
sulphites. 

When  pyromueic  acid  is  submitted  to  the  action  of  an  excess 
of  bromine  in  presence  of  water,  it  is  converted   into   so-called 
mucobromic  add  (Schmelz  and  Beilstein  ;  Limpricht),  C^H,Br,0, ; 
this  acid  is  best  prepared  by  adding  the  bromine  as   quickly   as 
possible  and  then  boiling  the  solution  for  a  short  time  (Jackson 
and  Hill,  iWrf,,  xi.   1671).     It  crystallizes   in   white  glistening 
plates,  melting  at  121°  (249^*8),  easily  soluble  in  alcohol  and  hot 
^ater,   but  difficultly  soluble   in   cold    water.     It    furnishes    a 
crystalline  baric  salt  of  the  formula  (C^HBrjOjj^Ba,  and  a  corre- 
sponding crystalline  argentic  salt,  both  of  which,  however,  very 
readily  decompose ;  ethylic  mucobromate  crystallizes  in  rhombic 
prisms,  melting  at  51°  (i23°'8  F.).     On  warming  mucobromic 
acid  with  phosphoric  pentabromide,  a  crystalline  ^'  acid  bromide'^ 
of    the   formula    C^HBr,0,    is    obtained,    which    melts    at   54 
(1 29°' 2  F.)     This    bromide  is  slowly  converted   into   the   acid 
when  boiled  with  water.  A  monacetyl  derivative,  C^HBr303(C,HjO), 
is  produced  on  heating  the  acid  with  an  excess  of  acetic  chloride  ; 
it  crystallizes  in  long  needles,  melting  at  54°  (i29°*2  F.)  (Jack- 
son and  Hill).     Acetic  chloride  is  without  action  on  ethylic  muco- 
bromate.   The  decomposition  of  mucobromic  acid  into  aj3-dibro- 
macrylic  and  formic  acids  by  alkalies  has  already  been  described 
(1894).       On    oxidation    with    bromine    water    or    nitric  acid, 
mucobromic     acid     is     converted    into     dibromomaleic     acid, 
COOH.CBr  =:  CBr.COOH ;  this  reaction  leaves  little  doubt  that 
it  is  the  aldehyde-acid  of  the  formula  COH.CBrZI  CBr.COOH 
(Hill,  ibid,,  xiii.  734). 

By  saturating  an  aqueous  solution  of  pyromueic  acid  at 
0°  (32°  F.)  with  chlorine,  then  heating  it  to  the  boiling-point, 
again  passing  chlorine  into  the  cold  solution,  &c.,  mucochloHc 
add,  C^HjCljOj,,  is  obtained,  about  40  per  cent,  of  the  theoretical 
amount  being  formed.  This  acid  crystallizes  in  rhombic  plates, 
melting  at  1 25°  (357°  F.) ;  its  properties  are  completely  analogous 
to  those  of  mucobromic  acid  (Bennett  and  Hill,  ibid,,  xii.  655). 

Mucobromic  acid  is  also  formed  by  the  action  of  bromine  on 
a  boiling  aqueous  solution  of  dibromopyromucic  acid  \  if,  how- 
ever, a  cold  solution  of  the  latter  be  treated  with  bromine,  a 
compound  of  the  formula  CJifitf),^  is  produced.  This  body 
crystallizes  from  ether  in  star-like  groups  of  needles,  melting  at 
88^  (i90°'4  F.) ;  on  oxidation  with  a  solution  of  chromic  acid  it 
is  converted  into  mucobromic  acid  (Tonnies,  ibid,,  xii.  1202)^ 
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(1924)  Isopyromucic  acid:  C^H^O,. — ^This  acid  is  formed  together  whk 
pyromucic  acid  on  distilling  mucic  acid.  It  crystallizes  in  delicate  plates,  zneltiiif 
at  82°  (i79^'6  F.),  extremely  soluble  in  water,  alcohol,  and  ether;  the  aqueous 
solution  is  coloured  deep  green  by  ferric  chloride,  whereas  a  solution  of  pjromacic 
aoid  furnishes  a  reddish -yellow  precipitate  with  this  reagent  It  is  converted 
into  mucobromic  acid  by  the  action  of  an  excess  of  bromine  (Limpricht  and 
Rohde,  Ann.  Chem,  Pharm.,  olxv.  298). 

fi'Pyromudc  acid :  Cflfi^ — According  to  Stenhouse  (Proc.  Roy,  8oe^ 
187 1,  XX.,  81),  the  acid  obtained  by  oxidation  of  fncusaldehyde  is  isomeric 
with  pyromucic  acid,  as  it  crystallizes  in  rhombic  plates,  melting  at  130^  (266**  F.), 
instead  of  in  needles ;  the  argentic  salt  forms  long  flat  needles  instead  of  ciystaJ* 
line  scales. 

(1925)  Fuffuracrylic  acid:  CyH.O,  =  C^H,O.CH  Z  CH.COOH.— This  add 
is  obtained  by  heating  furfuraldehyde  with  acetic  anhydride  and  sodic  acetate. 
It  crystallizes  from  hot  water  in  long  thin  brittle  needles,  melting  at  135* 
(275^  F.) ;  it  has  a  cinnamon- like  odour,  and  volatilizes  in  a  current  of  steam ; 
concentrated  hydrochloric  acid  dissolves  it,  forming  a  green  solution.  On  treat- 
ment  of  its  aqueous  solution  with  sodium  amalgam, /iM^ropropioffie  aeid^ 
C,H,0,.  is  produced ;  this  acid  melts  at  Si"*  (i23**-8  F.)  (Baeyer,  DetU,  cJkem. 
Gm.  Ber,,  X.  357).  On  adding  a  single  molecular  proportion  of  hromioe  to  a 
cold  aqueous  solution  of  furfuropropionic  acid,  and  then  heating  the  solutioo  at 
65° — 70°  (149* — 158*  F.)  with  the  hydrate  from  six  mol.  proportions  of  argen- 
tic nitrate,  oxidation  takes  place  without  the  evolution  of  carbonic  anhjdride, 
furonic  acid,  C^HgO^,  being  formed.  Furonic  acid  crystallizes  in  fine  needles, 
difficultly  soluble  in  cold  water,  melting  at  180^  (356  F.).  The  argentic  salt 
obtained  by  adding  u'gentic  nitrate  to  a  solution  of  the  ammonic  salt,  has  the 
formula  C^HjAgjO,.  By  the  action  of  hydriodic  acid  at  160"  (320®  F.),faranie 
acid  is  converted  into  hydrofuronio  acid,  C^H^^O^,  which  crystallizes  in  needles 
melting  at  112°  (2  33° '6  F.) ;  but  if  it  be  submitted  to  the  action  of  this  acid 
at  about  200°  (392**  F.),  it  yields  normal  pimelic  acid  (1850),  C,Hj^(COOH), 
(Baeyer,  ihid,,  x.  695  ;  1358). 

(1926)  Furfurdngelic  acid:  C,H^,0,  =  (P)C,H,O.CH  zCH.C,H^.COOH. 
— ^This  homologue  of  furfuracrylic'acid  is  prepared  in  a  similar  manner  by  heating 
furfuraldehyde  with  butyric  anhydride  and  sodic  butyrate.*  It  forms  colourless, 
i^listening  needles,  melting  at  88^  (190^*4  F.);  on  reduction  with  sodium  amal« 
gam,  it  yields  furfurovaleric  acid,  C,H,,0,,  a  colourless  oil  of  unpleasant  odour, 
which  may  he  distilled  unchanged.  On  treatment  with  bromine  and  then  with 
argentic  hydrate,  furfurovaleric  aoid  is  converted  into  butyrofuronic  acid,  O^H^O. ; 
this  latter  aoid  is  readily  reduced  by  nascent  hydrogen  from  sodium  amalgam, 
and  when  heated  with  hydriodic  acid  and  red  phosphorus  at  about  200^  (392^  F.), 
it  is  converted  into  an  acid  of  the  formula  CyH^^(COOH),,  which  is  apparently 
normal  azelaio  aoid  (1852)  (Baeyer  and  Tonnies,  ibid,,  x.  1364;  Tonnies,  ibid, 
lii.  1200). 

(1927)  Constitution  op  thb  Fubfusyl  Compounds. — Of  the  following 

HC^CH  HC-CH 

HC-C.COOH  HC     C.COOH 

o  0 

two  fbrmulse,  which  are  moBt  in  accordance  with  the  general  behaviour  of  pyio* 

*  Isobutyric  anhydride  does  not  yield  an  isomeric  acid,  but  the  products  of 
its  action  on  furfuraldehyde  in  presence  of  sodic  butyrate  are  carbonic  anhjdrida 
and  forfurobutylene,  C^H,O.C,Hy. 
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xnuoic  acid,  the  first  has  been  put  forward  by  Baeyer  as  the  more  probable  (ibid., 
X.  1360).  At  present  there  is  not  sufficient  evidence  on  which  to  base  a  final 
decision,  some  facts  appearing  to  favour  the  adoption  of  the  one  and  some  that 
of  the  other  formula,  but  on  the  whole  the  balance  of  proof  would  appear  to  be 
in  favour  of  the  second.  Thus,  if  the  formula  of  the  tetrachloride  of  ethylio 
pyromucate  be,  as  Baeyer  has  suggested,  viz. ; 

CIHC— CHCl 

I       I 

CIHC    ca.coocA 
o 

the  seoond  formula  would  appear  to  be  preferable,  as  the  disruption  of  carbon 
atoms  united  by  single  affinities  by  the  action  of  chlorine  under  conditions  such 
as  those  which  obtain  in  the  formation  of  this  chloride  is  without  precedent. 
It  may,  however,  be  supposed  that  the  formula  of  the  tetrabromide  is  unsym- 
metriod,  thus : 

BrHC— CHBr. 

I  I 
BrO.HC— CBr.COOH 
one-half  the  bromine  entering  into  combination  after  the  manner  that  it  may  be 
assumed  to  combine  with  ethylenic  oxide.  The  fact  that  furfurin  (1662),  which 
probably  contains  three  of  the  groups  C^H^O,  combines  with  only  six  atoms  of 
bromine,  tends,  to  some  extent,  to  support  this  view.  The  indifference  of  pyro* 
mucic  acid  towards  acetic  chloride  and  of  Limpricht's  so-called  tetraphenol — 
which  probably  is  formed  from  pyromucic  acid  by  the  mere  displacement  of  the 
carboxyl  group  by  hydrogen — ^towards  nascent  hydrogen,  however,  is  scarcely  in 
accordance  with  the  assumption  that  the  furfuryl  compounds  are  derivatives 
of  a  body  of  the  ethylenic  oxide  type. 

The  formation  of  dibromosuccinic  acid  on  oxidation  of  pyromucic  tetrabromide 
is  explained  almost  equally  well  by  either  formula.  This  is  also  true  of  the 
production  of  so-called  mucobromic  acid  by  the  action  of  bromine  in  presence  of 
water  on  pyromucic  acid.  Both  of  these  reactions,  however,  appear  rather  to 
favour  the  adoption  of  the  second  of  the  above  formulae  for  pyromucic  acid. 
The  compound  C^H^O,,  obtained  by  Limpricht,  has  been  regarded  as  the  half* 
aldehyde  of  fumaric  acid,  COH.CHl^CH.COOH,  on  account  of  the  formation 
of  this  acid  on  treatment  of  the  crude  solution  with  argentic  hydrate,  and  this 
view  meets  with  support  from  the  fact  that  mucobromic  acid,  which  is 
probably  the  brominated  derivative  of  the  compound  C^H^O,,.  has  a  corresponding 
formula;  but  it  is  not  impossible  that  fumario  acid  and  the  compound 
C^H^O,  are  products  of  distinct  reactions,  and  that  the  latter  is  derived  from 
previously  formed  dibromosuccinic  acid. 

Apart  from  the  question  of  the  constitution  of  the  C^H^O,  (furfuryl)  group, 
there  can  be  no  doubt  that  in  furfuracrylic  acid  the  group  C,H,.COOH  occupies 
the  position  of  the  COOH  group  in  pyromucic  acid ;  no  other  formula  would 
account  for  its  conversion  into  normal  pimelic  acid. 

The  formula  of  furfurangelic  acid  is  not  so  well  established ;  if  the  azelaic  acid 
formed  by  its  reduction  be  the  normal  acid,  it  undoubtedly  has  the  formula 
C,H,O.CHzCH^.CH,.COOH ;  but  it  is  possible  that  it  has  the  formula 
CH,.CH,.C(C^H,0).COOH.  The  high  melting-point  of  the  azelaic  acid  produced 
favours  the  former  assumption. 

(1928)  Dehydromucic  acid:  C.H^O,  =  C^H,0(COOH),.— To  prepare  this  add 
mucic  acid  is  heated  with  a  solution  of  hydrobromic  acid  saturated  at  o^  (32°  F.) 
for  eight  hours  at  130° — 140°  (266° — 284°  F.) :  the  amount  produced  is  equal  to 
about  30  per  cent,  of  the  mucic  acid  employed.     It  crystallizes  in  long  glU$ening 
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needles,  difficultly  Holable  in  oold,  more  easily  soluble  ia  hot  water.  Baric  dehy- 
dromucate,  C^H^O^Ba,  the  most  characteristic  salt  of  the  acid,  crystallixes  w&k 
either  3  or  6  molecules  of  water.  Ethylic  dehydromucate  crystallizeB  frgn 
alcohol  in  colourless  prisms,  melting  at  47°  (it6°'6  F.);  it  is  not  acted  ob 
by  acetic  anhydride.  Dehydromucic  acid,  if  carefully  heated,  sublimes  unchanged 
without  melting,  but  if  submitted  to  dry  distillation  it  is  entirely  reaolred  lata 
carbonic  anhydride  and  pyromucic  acid.  On  treatment  with  nascent  hydrogen, 
it  yields  two  isomeric  acids  of  the  formula  C^H,0^  (Heinzelmann,  AtsM,  CAem, 
Pharm.  cxciii.  184 ;  Seelig,  Deui,  cAem.  Ges,  Ber,,  xii.  1081). 

There  can  be  little  doubt  that  dehydromucic  acid  is  closely  relaied  in  oonsd- 
ttttion  to  pyromucic  acid ;  the  following  formuls  may  be  suggested  as  the  moit 
probable : 

HC-CH  HC=CH 

COOH.C     C.COOH  OOOBLC-CCOOH 

\/  \/ 

0  0 

(1929)  Meoonic  arid :  CyH^,. — Meconic  acid  occurs  in  opinm  diieSy  ia 
combination  with  the  alkaloids,  and  may  be  precipitated  as  baric  or  calcic  salt  from 
the  aqueous  extract  by  the  addition  of  baric  or  calcic  chloride.  To  prepare  the  aod, 
crude  calcic  meconate  is  gradually  added  to  a  mixture  of  6  pts.  ordinary  h jdrocfakide 
acid  and  20  pts.  boiling  water,  the  mixture  being  frequently  shaken,  and  kept  at 
a  temperature  somewhat  below  100^  (212^  F.)  until  the  whole  is  dissolved;  if 
necessary,  the  liquid  is  then  rapidly  filtered  through  a  linen  bag ;  on  ooolii^ 
the  acid  is  deposited,  but  in  more  or  less  coloured  crystals :  it  maj  be  partiallj 
purified  by  dissolving  these  in  as  little  hot  water  as  possible  and  then  adding 
hydrochloric  acid,  being  much  less  soluble  in  dilute  hydrochloric  acid  than  is 
water,  and  finally  is  rendered  colourless  by  recrystallization  from  boiling  water. 

Meconic  acid  crystallizes  in  micaceous  scales  of  the  formula  C^^O,  +  jOH^ 
readily  soluble  in  water  and  alcohol;  the  crystab  are  rendered  anbjdroos  by 
heating  at  100°  (2i2°F.). 

The  general  behaviour  of  meconic  acid  is  that  of  a  dibasic  acid,  bat  it  also 
yields  trimetallic  derivatives,  a  tri-argentic  derivative,  C^Ag^O,,  for  example, 
being  thrown  down  as  a  yellow  precipitate  on  the  addition  of  argentic  nitrate  to 
a  solution  of  the  acid  neutralized  with  ammonia.  A  solution  of  meconic  acid  or 
of  a  meconate  is  coloured  blood-red  by  ferric  chloride ;  the  colour  is  not  discharged 
on  boiling,  or  on  the  addition  of  dilute  hydrochloric  acid,  or  of  a  dilute  aolatioa 
of  mercuric  chloride  (distinction  from  acetates  and  thiocyanates).  If  an  aloo* 
holic  solution  of  the  acid  be  saturated  with  hydrochloric  acid,  a  monethylic  and 
diethylic  salt,  both  of  which  are  crystalline,  are  produced ;  a  triethylic  salt  cannoi 
be  obtained,  however.  By  acting  on  a  solution  of  meconic  acid  with  aodiom 
amalgam  until  a  portion  of  the  neutralized  liquid  is  not  coloured  by  ferric 
chloride,  hydromeconic  acid  is  formed ;  this  acid,  according  to  Korff*(^nfi.  Chem, 
Pharm.,  cxxxviii.  191),  probably  has  the  formula  0,11,^0,,  but  it  does  not  ojs- 
tallize,  neither  does  it  furnish  crystalline  salts ;  this  acid  is  not  acted  on  either 
by  bromine  or  by  nitric  acid,  but  on  distillation  decomposes  entirely  (comp. 
Ihlee,  »&ic^.  clxxxviii.  41). 

(1930)  Comenic  acid,  Cfifi^,  is  produced  on  heating  meconic  acid  at  about 
120°  (248°  F.)  and  by  prolonged  boiling  of  an  aqueous  or  hydrochloric  add 
solution  of  this  acid.  It  crystallizes  in  anhydrous  prisms  or  laminae,  requiring 
more  than  16  times  their  weight  of  boiling  water  to  dissolve  them«  It  yields 
both  mono-  and  dimetallic  salts,  but  is  apparently  a  monobasic  acid,  forming  only 
a  monethylic  salt ;  like  that  of  meconic  acid,  its  solution  is  coloured  red  by  fertk 
salts.  When  submitted  in  aqueous  solution  to  the  action  of  bromine  or  chlorine, 
it  yields  bromo-  and  chlorocomenio  acids,  C,H,BrO,  and  C,H,C10,,  but  at  the 
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same  time  a  considerable  proportion  undergoes  oxidation  to  oxalic  acid,  &c.  It 
combines  with  nascent  hydrogen  (EorfF). 

(1931)  P^romeconic  (?)  add:  C,H^O,. — This  isomeride  of  pyromucic  acid 
is  formed  on  submitting  either  meconic  or  comenic  acid  to  dry  distillation.  It 
crystallizes  from  water  in  large  colourless  prisms,  melting  at  117^  [2^2^'6  F.), 
easily  soluble  in  cold  water  and  alcohol ;  it  boils  at  225°  (437''  F.)  almost  without 
decomposition  (Ost,  Jowr.  pr,  Ghem,  [2],  xix.  177).  It  affords  a  blood-red 
coloration  with  ferric  salts.  Although  its  solution  exhibits  only  a  faint  acid 
reaction,  pyromeconic  acid  forms  well-characterized  metallic  derivatives  of  the 
formula  C,H,0,M',  and  also  a  peculiar  class  of  derivatives  of  the  formula 
C,H,0,M'  +  C,H^O,.  Thus,  if  an  excess  of  an  alcoholic  solution  of  potassic 
hydrate  he  added  to  a  hot  saturated  alcoholic  solution  of  the  acid  and  the  liquid 
allowed  to  cool,  a  crystalline  mass  of  the  potassic  derivative  C^H^O^K  is  obtained. 
On  digesting  a  warm  solation  of  the  acid  with  baric  carbonate,  carbonic  anhydride 
b  evolved,  and  as  the  solution  cools  the  oompoiud  (Ofifi^fisi  +  2CgH^0, 
Grystallises  out  in  gKstening  needles  (Ihl^,^^».  Chem.  Pharm,^  clxxxviii.  31) ; 
the  normal  barium  derivative,  (C,H,0,),Ba  +  3OH,,  is  formed  on  adding  bai'ic 
chloride  to  a  solution  of  the  acid  in  a  large  excess  of  ammonia  (Ost).  These 
derivatives  are  all  exceedingly  unstable,  and  decompose  on  boiling  their  solutions; 
if  the  acid  is  heated  with  an  excess  of  baric  hydrate  solution,  it  rapidly  decom- 
poses, formic  acid  being  the  chief  product.  It  does  not  furnish  an  ethylio  salt  j 
but  on  digestion  with  acetic  chloride,  it  is  converted  into  the  monaoetyl  derivative 
C,H,0,(C2H,0).  On  passing  hydrochloric  acid  gas  into  a  solution  of  pyrome- 
conic acid  in  pure  ether,  white  crystals  of  a  compound  of  the  foromla  C^H^O^HCl 
are  produced ;  a  similar  compound  with  sulphuric  acid  may  be  obtained  by  adding 
snlphurio  acid ;  these  bodies  are  at  once  resolved  into  their  generators  by  water 
(Ost).  Pyromeconic  acid  does  not  combine  with  bromine,  but  if  left  in  contact  with 
it  is  gradually  con  verted  into  bromopyromeconic  acid,  C^H,  BrO,.  Nitropy  romeconio 
acid,  C^H,(NO,)0,,  may  be  obtained  by  acting  on  an  acetic  acid  solution  of 
the  acid  with  nitric  acid ;  it  crystallizes  in  yellow  prisms ;  on  reduction  it  is 
converted  into  amidopyron>econio  acid,  C,H,(NH,)0,.  Nitropyromeoonic  acid 
yields  a  number  of  characteristic  metallic  derivatives  of  the  formula  C^H,(N02)0,M', 
but  does  not  appear  capable  of  forming  derivatives  corresponding  to  the  "  acid'' 
pyromeconates  :  these  compounds  are  all  highly  unstable.  Pyromeconic  acid  is 
readily  acted  on  by  nitrous  acid,  and  apparently  is  converted  into  a  highly 
unstable  nitroso-derivative  of  the  formula  C^H,(NO)0,  f  C^U^O, ;  oa  treatment 
with  sulphurous  acid  this  compound  takes  up  two  atoms  of  hydrogen,  and  on 
extracting  the  product  with  hot  chloroform,  decomposition  takes  place,  pyrome* 
conic  acid  going  into  solution,  oxypyromecazonio  acid,  C^^NO^  being  left. 
This  last  mentioned  body  crystallizes  from  water  in  white  needles ;  in  general 
behaviour  it  closely  resembles  pyromeconic  acid,  forming  two  series  of  metaUie 
derivatives,  and  being  very  readily  decomposed  by  alkalies ;  submitted  to  the 
prolonged  action  of  tin  and  hydrochloric  acid,  it  loses  an  atom  of  oxygen,  being 
converted  into  pyromecazonic  acid,  C^H^NO,,  which  closely  resembles  the  parent 
compound  in  its  properties,  and  differs  greatly  from  the  isomeric  amidopyrome- 
oonic  acid,  although,  like  the  latter,  it  yields  an  intense  indigo-blue  colour  with 
ferric  chloride.  The  metallic  derivatives  of  oxy-  and  of  pyromecazonic  acids  very 
readily  oxidize  on  exposure  to  air,  forming  blue  and  violet  compounds  (Ost). 

It  will  be  evident  that  the  so-called  pyromeconic  acid  differs  totally  from  pyro- 
mucic acid  in  its  general  behavioor  \  the  following  formula  would  appear  to  some 
extent  to  express  its  reactions : 

CH— C(OH)  V 

CO^H.Co/  D,,.edbvG00gle 
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(1031)  FractumcU  DistUkUion, — An  improved  apparatiis  for :  Le  Bel  and 
Henninger,  Ber.*  7,  1084.  Observations  on :  P.  D.  Brown,  J.  C.  S.  Tramt. 
1879.  547  ;  iS8o,  49;  Thorpe,  «Wd.  1879,  544- 

(1032;  Ultimate  Analysis  of  Carbon  Compound*. — On  the  oodaaion  of 
hydrogen  by  copper:  Johnson,  Jowm.  C.  8.  29,  178;  TrcMS.  1879,  232; 
Lietzenmayer,  Ber,  11,  306.  Potassinm  cbromate  aa  a  aabstitnte  for  copper : 
L^erkin,  C,  8,  Trans.  1880,  121.  Platinnm  as  a  sabstitate  for  capric  oxide: 
Kopfer,  Ber.  9,  1377.  The  simultaneous  determination  of  carbon,  hydrogen, 
and  nitrogen :  Hempel,  Zeits,  Anal,  Chem,  1878,  409. 

(104 1 )  Determination  of  the  Halogenein  Carbon  Compounds, — ^Volhard: 
Ann,  190,  40;  Schiff,  ibid,  196,  293. 

(105 1 )  Determination  qf  Vapour  Density. — Improvementa  in  Hoftnann'i 
method:  Ber.  9,  1304;  Thorpe,  C.  8,  Trans.  1880,  146.  According  to 
Briihl  {Ber,  12,  197),  Hofmann's  method  is  not  available  at  temperatures  above 
2  20^  A  new  simple  method  of  determining  vapour  density :  Y.  and  C.  Meyer, 
Ber.  11,2253. 

(iioo)  Mydrocyanie  Acid, — Ammonio  formate,  according  to  Andreasch 
{Ber.  12,  973),  yields  only  water  and  formamide,  HCO.NH,,  on  distiUatioB 
(comp.  p.  92).  On  the  polymerisation  of  hydrocyanic  acid,  see  C.It.  89, 
310. 

{1121)  Diferrous  Dipotassic  Ferricyanide, — ^According  to  Skraup  (ilfts. 
186,  37i)>  this  substance  may  be  formed  either  by  precipitating  potaMtum 
ierrocyanide  with  a  ferric  salt  or  potassium  ferricyanide  with  a  ferrous  salt.  On 
treatment  with  a  ferrous  salt,  it  is  converted  into  triferrous  ferricyanide  or 
Tumbull's     blue,   Fe^Cy^,,   a  ferric  salt  converting    it   into  the   compound 

(1162)  NormaZ  Heptane, — The  exudation  from  Pinus  sab%niana  haa  been 
shown  by  Thorpe  to  consist  almost  entirely  of  pure  normal  heptane  (C  8.  ISrans. 
1869,  296). 

(1166)  Perehlorination  and  Perbromination  (f  Paraffins, — Comp.  fl. 
note,  p.  392,  and  Erafit  and  Merz,  Ber.  8,  1045,  ^296;  KnS^  Ber,  9, 
1085  ;  10,  801  ;  Merz,  Ber.  9,  1049,  15^6;  11,  2244. 

(1 17 1)  Trichloromethane. — The  formation  of  this  compound  on  distillation 
of  wood  spirit  with  Sleaching  powder  is  apparently  to  be  ascribed  to  the  presence 
of  acetone  in  the  former.     The  production  from  alcohol  probably  involves  the 


*  Ber,     Berichte  der  deutschen  chemischen  Gesellschaft  zu  Berlin. 
C.  8.  Trans,     Journal  of  the  Chemical  Society.  Transactions. 
C.  8.  Joum.     Journal  of  the  Chemical  Society. 
C.  M.     Comptes  rendus  de  TAcademie  des  Sciences,  Paris. 
Ann,     Liebig's  Annalen  der  Chemie  und  Phannacie.        ^<^  f 
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prior  formation  of  irichloraoetio  acid  (oomp.  Sohmitt  and  Goldberg  {Jow.  pr. 
Chem.  [2]  19,  393.) 

(11 75)  Haloid  Derivative*  of  EthaM» — Comp  Staedel  and  Denzel,  ^»;». 
195,  180. 

(1188)  Dibromopropanes. — On  the  most  favourable  conditions  for  the 
conversion  of  allelic  bromide  into.a-dibromopropane,  see  Erlenmeyer,  Ann» 
107,  169. 

(1202)  Nitroparaffins, — For  additional  information  on  these  compoands, 
see  Ann,  180,  11 1 ;  181,  i ;  Ber.  9,  384 — 396,  701 ;  10,  2083  ;  12,  622, 
1883. 

(1207)  Dinitropropane. — y-Dinitropropane,  CH,.CH2.CH(N0j),,  isomeric 
with  the  d-dinitropropane,  CH,.C(NO,),.CH,,  described  in  this  paragraph,  in 
obtained  as  potassium  derivative  by  the  action  of  potassic  nitrite  on  potassium 
bromonitropropane,  CH,.CH,.CKBr(NO,).  It  is  sharply  distinguished  from 
the  isomeride  by  the  power  which  it  has  of  exchanging  an  atom  of  hydrogen  for 
metals  (ter  Meer,  Ann,  181,  19). 

(1220)  Cyanoform, — Pfankuch's  statements  with  regard  to  this  compound 
appear  to  have  been  untrue  (comp.  Kolbe,  Jour,  pr.  Chem,  [21]  17,  287.) 

(1226)  Properties  of  Olefines, — On  the  action  of  water  on  defines,  see 
Butlerow,  Ann,  180,  245  ;  comp.  ft.  note,  p.  414.  The  somewhat  contradictory 
and  irregular  results  of  different  observers  who  have  studied  their  behaviour  on 
oxidation  appear  to  have  been  in  a  great  measure  due  to  the  employment  of 
impure  materials,  or  to  the  occurrence  of  secondary  changes.  Becent  observa- 
tions indicate  that  in  the  main  the  action  probably  consists  in  the  conversion 
of  the  define  in  the  first  place  into  the  corresponding  dihydric  alcohol,  which 
then  undergoes  oxidation  in  the  usual  manner  (oomp.  Butlerow,  Ann,  173,375; 
189,  70 ;  Jawein,  196,  256 ;  Pawlow,  AnfL  196, 12  j ;  Zeidler,  Ann,  197, 243 ; 
Hecht,  Ber.  11, 11^2), 

(1227)  Isomeric  and  Somohgous  Olefines, — ^The  olefines  noticed  in  the 
following  paragraphs  which  are  not  included  in  the  table  on  pp.  184 — 185  have 
to  be  inserted. 

(1231)  Isohutylene, — On  the  action  of  nitric  acid  on,  see  Hartinger,  Ann, 
193,  366. 

(1232)  Amylene, — It  appears  now  to  be  placed  beyond  doubt  that  the  crude 
amylene  from  ordinary  fermentation  amylic  alcohol  is  a  mixture  of  no  less  than  four 
isomeric  olefines,  viz.;  C.H./^.CHiCH,,  C,H..C(CH,):CH„  OH(CH,):C(CH,), 
and  C,Hy.*CH:CH,  or  C,H,.CH:CH.CH,  (comp.  pp.  448,450,  517,  835,  and 
Ann,  197,  253  ;  Ber,  10,  1905,  2058).  The  first  and  second  of  these  are 
primary  derivatives  of  the  two  alcohols  which  are  the  well  recognized  constituents 
of  ordinary  amylic  alcohol ;  the  third  is  formed  from  the  first  and  second  by 
isomeric  change.  The  origin  of  the  fourth  is  at  present  obscure ;  it  has  been 
suggested,  however,  that  fusel  oil  contains  normal  primary  amylic  alcohol. 

The  iodide  formed  by  combining  a-methylethylethylene  from  diethyl- 
carbinol  (p.  195)  with  hydriodic  acid  has  the  formula  CH,.CHI.C,Hy*  {Ann, 
179,313). 

(1233)  SexyUne, — ^Hexylene  from  secondary  hexylio  iodide  from  mannite 
has  the  formula  C,Hy.«CH:CH.CH,  (Hecht,  ^tfr.  11,  1152).  On  tetramethy- 
lethylene,  C(CH,),:C(CH,),,  ethyl-a-diraethylethylene,  C,H,.C(CH,):CH(CH,), 
and  ethyl-/3-dimethylethylene,  G,H,.CH:C(CHJ,  see  Pawlow,  ^Inn.  196,  122  ; 
and  Jawein,  Ann,  196,  253.  These  oleftnes  boil  respectively  at  73°,  71°, 
and  6(^. 

(1234)  JSeptylene, — The  following  additional  heptylenes  have  been 
described:  methyU-diethylethylene,  CH,.C(C,H,):CH.C,H,  (b.  p.  90°— 95*)  and 
trimethylethylethylene,  (CHJ,C:C(CH,)(C,H,)  (b.  p.  75°— 80^)  (Pawlow,  Ann. 
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188.   124)    methylisobutylefchylcDe,  C  H,.CH;CH.C^H,^  (Rohn,  Atm.  190, 
314);    methyl-d^batylethyleae,    CH,:C(CH,)(C^HJ*    (Butlerour,  AnH.  Ill, 

185.) 

(1235)  Octylene, — Normal  octylene  or  a-hexylethylene,  CH,:CH.C,H,^ 
from  normal  octy lie  iodide,  \a  said  to  boil  at  12  2° — 123°  (Mdaslinger,  Aim, 
186,  53.  The  octylene  from  methylhexylcarbinol  doabtleas  has  the  formok 
CH,.CH:CH.C^Hjja  (corap.  399).     Diisobutylene  (comp.  p.  835). 

(1240)  Haloid  Derivatives  of  Ethylene, — Comp.  Denzel,  Awn.  195, 
205.  A  number  of  chloro-  and  bromo-  derivatives  of  ethylene  and  other 
olefiues  combine  directly  with  oxygen,  forming  chlorides  or  bromides  of  haloid 
derivatives  of  acids  of  the  acetic  series ;  thus  dtbremethylene,  CH^rCBr,,  yields 
monobromacetio  bromide,  CH^Br.COBr  (Demole,  Ber.  U,  315,  1302 ;  IS, 
2245;  ooinp.  Henry,  Ber.  12,  1838). 

(1244)  Chlorohramopropylenes, — The  supposed  propylene  derivatives  pre- 
pared from  so-called  croton-chloral  (p.  206)  are  doubtless  propane  derivative! 
(comp.  p.  397). 

(1248)  Acetylene, — ^According  to  Lagermark  and  Eltekoff  (i?er.  12,  6031). 
Berthelot's  supposed  vinylic  alcohol  is  really  crotonic  aldehyde  (oomp.  Zeitel, 
Ann,  191,  366),  as  suggested  at  p.  213. 

(1249)  Cuprous  Aceiylide. — Blochmann  states  {Ann,  173,  176)  that 
ailer  drying  over  calcic  chloride  this  compound  corresponds  in  oompoiiitioQ  to  the 
formula  C,H,Cu,0  (P  H0iG.Cu.0n.0H)  and  the  analogous  silver  derivative  to 
the  formula  C,H,Ag,0. 

( 1 254)  Valerylenes, — Isopropaeetylene  boils  at  28° — 30°,  and  on  oxidatiea 
yields  iBobutyrio  and  acetic  acids  and  acetone  {Ber.  10,  1102,  2249;  11, 
1939).  Methylethylacetylene,  CH,.CiC.C,H5.  boils  at  Si"*— 52°,  and  yields 
acetic  and  propionic  acids  on  oxidation  {Ber,  10,  1904,  2057).  On  the  action 
of  the  haloid  acids  on  isoprene,  see  Bouchardat,  CB,  89, 11 17. 

(1255)  HeODoylene, — The  bromide  of  the  hexoylene  from  seoondarj  hexylie 
iodide  from  mannite  is  convertible  into  a  methylpropylacetylene  CH,.C:C.C^ 
which  boils  at  80° — 83°,  and  on  oxidation  yields  acetic  and  butyric  aoida  (Hecht, 
Ber,  11, 1050). 

Diallyl. — This  hydrocarbon  yields  chiefly  succinic  acid  on  oxidation  wikk 
potassic  permanganate  (Sorokin,  Ber.  12,  2374). 

(i  262)  Hydrocarbons  of  the  Cj^H^  — ^  series. — Two  additional  hydrocarbont 
of  this  series  have  been  described,  vinylallylethylene  C,H,.CH:CH.CjH^  {Ann, 
186,  144)  and  cantharene,  C^H^,  {Ber,  12,  577).  The  latter  is  obtained  from 
canthartdin;  it  boils  at  I34°>  and  absorbs  oxygen  with  great  avidity ;  on  oxids- 
tion  it  is  converted  into  orthotolnic  acid. 

(1265)  Artificial  Terpenes, — ^The  hydrocarbon  obtained  by  Baaer  and 
Yerson  yields  neither  cymene  nor  terephthalio  acid  (Tgokssoff,  J^^r.  12, 14869); 
and  therefore  differs  totally  from  the  terpenes.  Acowding  to  Boachardat 
(C,B,  86,  654),  not  only  isoprene  but  aUo  (crude)  valerylene  from  (erode) 
amylene  is  partially  converted  into  a  hydrocarbon  of  the  formula  C^^H^,  when 
heated  in  sealed  tubes  at  about  250^  The  product  has  all  the  properties  of 
terpilene,  the  hydrocarbon  obtained  by  splitting  off  the  elements  of  two  moU. 
hydrochloric  acid  from  the  terpene  dihydrochlorides  (comp.  p.  234). 

(1268)  Terpene  Hydrochlorides, — Probably  a  liquid  monohydroehloride 
does  not  exist,  the  supposed  liquid  isomeride  of  the  solid  hydrochloride  being 
apparently  a  mixture  of  the  solid  mono-  and  dihydrochlorides  and  oymene 
(comp.  Atterberg,  Ber,  10,  1202;  Tilden,  Ber.  12,  1131).  On  tiie 
action  of  sodium  on  the  terpene  hydrochlorides,  see  Montgolfier,  Atm,  Chim. 
Phys,  [5]  19,  145. 

(1271)  Terehene,^^T\iQ    supposed    terebene    of    Deville^and    Riban  is 
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impure  inactive  camphene  (Armstrong  and    Tilden,    C    S.  Trans.    1879, 

733)- 

(1275)  Nitrosoterpenes, — See  Tilden  and  Sfaenstone,  C.  8,  Joum.  SI,  SS4» 

(1276)  Terpene  monohydrates, — See  Fiavitswky,  j9er.  12,  2354. 
(1284)   Compounds  present  in  Coal  Tar. — The  e«8tence  of  the  following 

oomponnds,  besides  thofte  mentioned  on  p.  251,  has  been  established.  Aceto- 
nitrile,  CH,.CN,  ethylio  alcohol  {Ber.  10,  2227),  orthoxylene  {Ber.  10, 
loio),  flnoranthene,  C^^H^^  {Ann.  198,  142;  200,  i),  carbazol,  C^^H^N 
{Awn.  163,  256 ;  167,  125),  and  phenylnaphthylcarbazol,  C^^H^^N  {Ber.  12, 
341,  2242). 

(1291)  DippeVs  oil. — On  the  constituents  of  this  oil :  see  Weidel  {Ber.  12, 
1989;  Weidel  and  Ciamician,  Ber.  13,  65). 

(1292)  Benzene. — On  the  action  of  hydtiodic  acid  on  benzene  and  its  horao- 
logues,  see  Wreden  Ann.  187,  153 ;  Berthelot,  Ann.  Chem.  Fhys.  Q5]  16, 
150 ;  comp.  (i  296).     On  the  action  of  chlorous  acid  on  benzene,  eomp.  ft.  note, 

P-  795- 

From  "  but  inasmuch,"  line  7,  to  "Benzene,"  line  16,  and  the  included  fig. 
on  p.  263,  should  be  cancelled,  and  the  words  "  whereas  only  three  are  known  " 
should  be  inserted  after  "  exist"  on  line  7.  The  alternative  symbol  there  given 
is  that  proposed  by  Korner  {C.  8.  Joum.  1876,  29,  240},  who  appears  entirely 
to  have  overlooked  the  fact  that  this  symbol  involves  the  existence  of  only  two 
isomeric  di-derivatives  of  benzene.  That  this  is  the  case  will  readily  be  seen  on 
constructing  Kijmer's  symbol  with  the  aid  of  three  knitting-needles  or  pieces  cf 
wire,  a  cork,  and  string:  each  of  the  carbon  atoms  to  which  the  hydrogen  atoms 
2,  4  and  6,  are  respectively  attached,  it  will  be  evident,  is  similarly  situated 
relatively  to  the  carbon  atom  i,  and  to  the  carbon  atoms  3  and  5.  Comp.  p. 
389  ;  also  Japp,  C  8.  Trans.  1880,  89. 

(1294)  Homologues  of  Benzene. — The  following  have  to  be  added  to  the 
list  on  p.  278:— r:3-methylethylbenzene,  CH,.C,H^.C,H,  (b.  p.  158°— 159**), 
Ann.  192,  198;  i:4-methylisopropylbenzene,  CH^.C^H^.C^Hy^  (b.  p.  I7i°*5), 
Ber.  12,  429;  y-butylbenzene,  C,H,.CH(CH3)(C,h3  (b.  p.  171**),  comp.  ft. 
note,  p.  342;  pentamethylbenzene,  C,H(CH,)^  Ber.  12,  329;  hexmethyl- 
benzene,  C,(CH,)^,  Ber.  12,  329,  C.B.  87,  260 ;  1:4  propylisopropylbcnzene, 
C,H,-.C.H^.C.H,^(b.p.2i2°). 

(1300)  Xylene. — On  the  separation  of  the  three  isomeric  xylenes,  see 
Jaoobsen,  Ber.  10,  ICX59. 

(1301)  Isopropylbenzene. — Comp.  Liebmann,  ^^.13,45. 

(1302)  Cymene. — The  synthesis  of  this  hydrocarbon  from  normal  propylic 
bromide  and  parabromotoluene  has  been  verified  by  Jacobsen  {Ber.  11,  2049). 
Jacobsen  has  also  confirmed  Kraut's  remarkable  observation  that  cymene  is 
formed  on  boiling  cuminyltc  alcohol  (1481) — an  isopropylic  compound — with 
zinc  dust ;  as  well  as  Nencki  and  Ziegler*s  statement  (p.  280)  that  cymene  is 
converted  into  cuminic  acid  on  oxidation  in  the  body  {Ber.  12,  15 12). 
According  to  Etard  {C.R.  90,  534)1  cuminic  aldehyde  is  obtained  on  treatment 
of  the  product  of  the  action  of  chromic  chloride,  CrO^Cl^,  on  cymene  with  water. 
No  explanation  of  these  remarkable  instances  of  isomeric  change  has  as  yet  been 
given. 

(1302)  Durene. — ^Renter  has  shown  {Ber.  11,  31)  that  this  hydrocarbon 
has  the  constitution  expressed  by  fig.  II.,  p.  295. 

( 1 304)  Propylisopropylhenzene. — This  hydrocarbon,  obtained  by  the  action 
of  zincic  ethide  on  the  chloride  C,Hy.C,H^.CH,Cl  from  cuminylic  alcohol, 
yields  propylbenzoio  acid,  isomeric  with  cuminic  acid,  and  homoterephthalic  acid 
COOH,C,H^.CH,.COOH  on  oxidation  (Paterno  and  Spica,  G.  8.  Joum.  84, 
138).  ^  , 
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(1306)  Hydrocarbons  C„H^. — The  suggestion  that  these  hydrooarbons  ar« 
tripropyl-derivatiyes  of  benzene  is  doubtless  incorrect;  probably,  like  the  terpenes, 
they  are  of  peculiar  constitution. 

(^3*3)  Hexabromohenzene, — Comp.  Gessner,  Ber,  9, 1506. 

(13 1 7)  Chlarobenzenes, — On  the  isomeric  tri-  and  tetraohlorobenzenes,  all 
the  possible  modifications  of  which  are  now  known,  see  Beilstain  and  Xarbatow, 
Ann.  192,  228. 

(1322)  lodobenzene, — This  may  be  prepared  by  adding  iodine  chloride 
to  benzene  containing  a  small  quantity  of  aluminic  chloride  (Greene,  C.S,  90, 40). 

(1344)  Trinilrobenzene. — Comp.  Hepp.  Ber.  9,  402. 

( 1346)  Nitroioluene, — Crude  nitrotoluene  is  a  mixture  of  the  para-,  ortho-, 
and  meta-  compound  {Ber.  12,  343). 

(1353)  Nitro'haloid  Derivatives  of  Toluene, — On  the  action  of  chlorme 
and  bromine  on  the  heated  mononitrotoluenes,  see  Wachendorff,  Ann.  185, 
259 ;  Greiff,  Ber.  13,  288. 

(1356)  Action  of  Reagents  on  Benzene^  ifc. — The  meta*  as  well  aa  the 
^ara-  and  ortho-  derivative  is  formed  by  the  action  of  nitric  and  of  sulphuric 

acid  on  toluene  (Claesson  and  Wallin,  Ber.  12,  1848),  and  also  on  treating 
aniline  sulphate  dissolved  in  an  excess  of  sulphuric  acid  with  nitric  add 
(Huebner,  Ber.  10,  1716).     This  should  be  notpd  in  the  table  on  p.  337. 

(1357)  Cinnamene.'-~OvL  homologues  of  this  hydrocarbon,  see  Perkin, 
C.  8.  Joum.  32,  660. 

(1367)  ChloroTuiphthalenes. — Comp.  p.  498.  Much  attention  has  recently 
been  paid  to  the  investigation  of  the  naphthalene  derivatives,  and  no  less  ^than 
eight  isomeric  dichloronaphthalenes  are  now  known.  They  will  be  found  fully 
described  in  the  art.  "Naphthalene,"  in  Watts'  Dictionary,  vol.  viii.,  pt  2. 

(1376)  Somologues  of  Dipkeni/l. — On  the  formation  of  these  by  Zincke's 
method,  comp.  sec.  5,  p.  772. 

(1389)  Constitution  of  Anthracene. — For  a  proof  that  in  both  C,-  groups 
of  anthracene  two  atoms  of  hydrogen  in  the  ortho-position  are  displaced,  see  v. 
Pechmann,  Ber.  12,  2125.  It  is  probable  that  the  conversion  of  dibroman- 
thraquinone  into  alizarin  does  not  merely  involve  the  displacement  of  the  bromine 
atoms  by  two  hydroxyl  groups,  and  therefore  this  reaction  does  not  afford  a  reli- 
able determination  of  the  constitution  of  dibromanthraquinone  (oomp.  Perkin, 
Chem,  News,  41,  45). 

(1392)  Constitution  of  Pkenanthrene. — Comp.  Japp,  C.  8.  Trans.,  1880, 
86. 

(1402)  Triphenylmethane. — ^This  hydrocarbon  is  a  product  of  the  coDJoint 
action  of  aluminic  chloride  and  trichloromethane  on  benzene  (Friedel  and  Crafts, 
C.  B.  84,  1450.) 

(1407)  Dinaphthyls. — Three  isomeric  dinaphthyls  are  now  known  (Watson 
Smith,  C.  8.  Joum.  32,  559;  Trans.  1879,  224). 

(1410)  DinaphthylethyUne. — Comp.  Grabowski,  Ber,  11,  298. 

( 1 4 1 3 )  Tetraphenylnuttkane. — Comp.  sec.  5 ,  p.  772. 

(14 1 6)  Beview  of  the  Hydrocarbons. — With  reference  to  the  action  of 
hypochlorous  acid  on  propylene,  and  of  sulphuric  acid  on  amylene,  discussed  on 
p.  401,  comp.  pp.  451,  462,  835.  Ossipoff's  conclusions  appear  to  have  been 
based  upon  an  insufficient  examination  of  the  products  (oomp.  Wlschnegndsky, 
Ber.  10,  404). 

(141 9)  Tertiary  Carbinols. — Comp.  p.  562. 

(1421)  Formation  of  Tertiary  Carbinols. — Comp.  p.  771.  By  action  of 
water  on  mono-haloid  derivatives  of  paraffins,  see  Niederist,  Ann.  I869  388  ; 
196,  349. 

(1422)  Diagnosis  of  Carbinols. — Meyer's  method  appears   only  jto  be 
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available  for  the  lower  terms  of  the  series.  ^  It  answers  with  normal  primary 
ootylic  aloohol,  bat  fails  with  secondary  hexylio  iodide  (Gutknecht,'^er.  12,  622). 

(1426)  Methylic  Alcohol. — Thorpe  gives  65^*2  as  the  boiling  point  of  this 
alcohol  {C,  8,  Trans.  1 879,  544)  .On  the  action  of  chlorine  on  methylic  alcohol, 
comp.  p.  461. 

(1427)  Etht/lic  Alcohol. — On  the  synthesis  of  this  alcohol  from  ethylene, 
comp.  p.  188. 

(1430)  Isomeric  change  in  the  Propyl  Series. — On  the  action  of  water  on 
propylenio  bromide,  &c.  (ft  note,  p.  437),  comp.  Eltekoff  Ber.  11,  989; 
Fiavitzky,  Ber.  U,  1940. 

(143s)  Isomeric  change  in  BtUyl  Series. — According  to  Meyer,  Barbieri  and 
Foster  (^Ber.  10,  130),  Linnemann's  statement  that  normal  batylamine  nitrite 
yields  isoprimary'butylic  alcohol  is  incorrect ;  the  products  are  normal  buylene, 
normal  primary  batylic  alcohol  and  secondary  butylic  alcohol.  Comp.  Brauner, 
Ber.  12,  1877.  For  "secondary," line  15  from  bottom  p.  442,  read  "isoprimary." 

(1438)  Amylic  Alcohols.— ^n  optically  active  and  inactive  amylic  alcohols, 
see  Le  Bel,  Bull.  Soc.  Chim.  31, 104. 

(1439)  Propylmeihyl  Carhinol. — Comp.  p.  991. 

(1444)  Dimethylisopropyl  Carhinol. — This  alcohol  boils  at  117®,  Pawlow, 
Ann.  196,  123. 

(1448)  Teriiary  Heptylic  Alcohols. — Comp.  p.  562. 
1454)  Table  of  Carbinols  of  Ethylic  Series,  pp.  458,  459,  460. — Alter 
b.  p.  of  methylic  alcohol  to  65^*2,  and  diff.  of  b.  p.  between  methylic  and  ethylic 
alcohols  to  1 3°' a.  Also  b.  p.  of  dimethylisopropylcarbinol  to  117°,  and  difF. 
between  it  and  dimethyl-^-batycarbinol  to  13^.  Insert  tertiary  alcohols 
described  on  p.  562. 

(1457)  Allyldimethyl  Carhinol. — Comp.  ^nn.  185,  151.  Three  homo- 
logues  of  this  alcohol  are  now  known: — allyldiethylcarbinol  (b.  p.  155^ — 
156°)  ;  allyldipropylcarbinol  (b.  p.  192** — 193*)  ;  and  methylbutallyloarbinol, 
CH,.CH(OIl).CH,.C,H,(b.  p.  138°— 139^)  (4»».19e,  109,  113  ;  C.S  Trans. 

1878,  53). 

( 146 1)  Methyldiallyl  Carhinol. — ^Three  homolognes  of  this  alcohol  also  have 
been  prepared : — diallyloarbinol  (b.  p.  151°) ;  diallylpropylcarbinol  (b.  p.  195**) ; 
and  diallylisopropylcarbinol  (b.  p.  182° — 185**)  (A»».186,  129,  169;  193, 
362  ;  Ber.  12,  689,  2374). 

(1462)  Homohgues  of  Fhenol. — Several  of  the  phenols  noticed  in  the 
following  paragraphs  have  to  be  added  to  the  list  on  p.  469. 

(1463)  Preparation  of  Phenols. — Comp.  Degener,  Jour,  pr,  ehem.  [2]  17, 
394;  20,  300;  Meyer, -B^*.  8,  1074. 

(1466)  Phenoquinone. — Comp.  note  to  1690. 

(1471)  Bromophenots. — Tribromophenol  is  converted  into  the  compound 
C^H^Br^.OBr  by  the  action  of  bromine  water ;  on  warming  with  concentrated 
sulphuric  acid  until  it  melts,  this  body  forms  tetrabromophenol  C^HBr^.OU 
(Benedikt,  Ann.  199,  127). 

(1479)  ^y^-^nols  or  Xenols, — Jacobseuhas  shown  {Ber.  11, 17)  that  the 
crystalline  xenol  described  on  p.  492  is  derived  from  parazylene ;  it  therefore  has 
the  constitution  [OH :  CH, :  CH,  =  1:2:5].  Parazenol  melts  at  74°'5,  and  boils 
at  211^*5.  The  supposed  xenol  from  mcsitylenesulphonic  acid  is  mesitol 
(1480).  Metazylene  yields  two  isomeric  sulphonic  acids,  which  are  converted 
into  corresponding  metaxenols  by  fusion  with  potassio  hydrate ;  that  from  the 
sulpho-acid,  which  is  the  chief  product, has  the  constitntion,[OH:CH,:CH,  =  1:2.-4] 
and  is  liquid;  the  isomeride,  [OH:CH,:CH,=  i:2:6,]  is  crystalline  and  has  the 
same  melting  and  boiling  point  as  paraxenol.  Orthoxenol,  [OH:CH,:CH,  =  1:3:4-] 
melts  at  61**  and  boils  at  225®.  r^  \ 
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(1480)  PropylphenoU.  Pseudocumetwl. — Bo£h  propyl-  and  uopropji- 
benzene  yield  isomeric  salphonic  acids,  which  are  converted  into  corresponding 
pbenolrt  by  fusion  with  xiotassic  hydrate.  The  propylpbenols  are  both  liquid ; 
the  para-oorapound  boils  at  232'*,  the  ortho-  at  226°.  The  isopropylphencd  whidi 
is  the  chief  product  melts  at  61°  and  boils  at  229° ;  the  isomeric  ortho-componnd 
is  liquid,  and  boils  at  227^  (Patemoand  Spica,  Gazz,  Chim.  6,  535  ;  7,  216). 

Pseudocumenol,  G,H2(CH3),.OH,  from  pseudocumenesulphonic  acid,  melts 
at  69^  and  boils  at  340°  (Renter,  Ber,  11,  29).     Mesitol  l>oils  at  220^ 

(1483)  CAolesterin.  —  Ohoksterin  is  converted  into  a  dinitro-derivatiTe 
by  the  action  of  concentrated  nitric  acid  [Ber.  12,  224).  On  the  behavionr 
of  cholesterin  on  oxidation,  see  Ber.  10,  82,  232  ;  11,  1941. 

(1489)  AnthroU. — ^By  reducing  anthraquinonemonosnlphonic  acid  with 
hydriodic  acid,  and  fusing  the  resulting  anthracenesulphonic  acid  with  potaasic 
hydrate,  an  anthrol  C,H^:C2H,:C,H-,(0H)  is  produced  different  from  either  of 
those  described  by  Linke,  whose  observations  Liebermann  has  been  unable  to 
verify  {Ber,  12,  592).  By  heating  anthraquinoue  with  hydriodic  acid  and 
phosphorus,  an  isomeric  phenol,  C^H^'C,H(OH);CgH^,  so>called  anthranol,  is 
obtained  (Liebermann  and  Topf,  9,  1201).  Chrysazin  (1705),  when  treated  in 
like  manner,  yields  a  dibydric  alcohol  of  the  formula  C,H/C,H(0H).C.H,(OH) 
{Ber,  10,  606 ;  11,  1610).  Two  isomerides  of  the  latter,  of  the  formnla 
C\H,(OH);C,H,.CgH,(OH),  have  been  obtained  from  the  isomeric  dianlphontc 
acids  prepared  from  anthracene  {Ber.  11,  1615  ;  12,  185). 

(1496)  Glycol. — On  tlie  preparation  of  glycol,  see  Niederist,  Ann.  196« 
354.     Comp.  Eltekoff,  Ber.  11,  989 ;  Fiavitzky,  Ber.  11,  1256,  1940. 

(1499)  Methyl  Glycol. — Comp.  note  to  1530. 

(1502)  Propylmethyl  Glycol, — This  glycol  yields  acetic  and  normalbutyric 
acid  on  oxidation  as  required  by  the  formula  C,Hy.CH(0H).CH(0H).CH, 
(Hecht,  Ber.  11,  11 54). 

(1505)  OrdnoU, — It  would  probably  be  better  to  term  the  1:3  dibydric 
plienols  orcinols  rather  than  resorcinols  as  suggested  in  the  it.  note,  p.  519. 

(ijo8)  Pentahromoresorcinol. — This  body  doubtless  has  the  fbnnnla 
0^HBr,(06r)2  and  the  oorresponding  chlorine  derivative  and  the  homologons  com- 
pounds from  orcinol  are  similarly  conntituted  (comp.  Benedikt»  Ann,  196>  127)- 

(15 1 7)  Constitution  of  Orcinol. — Supposing  orcinol  to  be  a  resorcinol 
derivative,  the  relative  position  of  the  methyl  and  hydroxyl  groups  maj  bs 
[0H:0H:CH,=  1:3:5  or  1:3^.]  or  [0H:CH,:0H=  1:2:3].  The  tendency  which 
it  exhibits  to  form  tri-derivatives  ;  its  conversion  into  a  dinitro80*derivative 
(Stenhonse  and  Groves,  C.  8.  Joitm.  31,  544) ;  and  the  formation  from  it  of 
two  dialdehydes  favour  the  assumption  that  it  has  the  constitution 
[OH:OH:CH.=  1:3:5]. 

(1525)  Hydrobenzoin. — The  conclusion  that  hydro-  and  isohydro-benzoin 
must  both  be  represented  by  the  formula  CgH^.CH(OH).Cfl(OH).C^H,  has 
been  entirely  confirmed  by  frirther  investigation  (Zincke  and  Breuer,  Ann, 
198,  115,  141 ;  comp.  i66j,  1680,  1919  and  Ber.  11,65,  ^39^  J  18,641). 
Both  ftimish  benzil,  C^Hg.CO.CO.CgH,,  on  oxidation  with  nitric  acid.  When  sub- 
mitted to  the  action  of  PCl^*  hydrobenzoin  yields  two  chlorides  of  the  formula 
Cj^Hj,Cl,.  one  of  which  melts  at  ig2°,  the  other  at  94°;  and  the  former  of 
these  chlorides  only  is  obtained  from  iHohydrobenzoin.  When  submitted  to  the 
action  of  twenty  per  cent,  sulphuric  acid,  they  each  furnish  diphenethaldehyde* 
(C^K^JCR.COB.,  together  with  a  crystalline  substance  of  the  empirical 
formula  Cj^H^^O;  the  products  of  this  formula  from  the  two  alcohols  are 
isomeric,  however,  but  apparently  the  isomerism  is  similar  in  character  to  that 
which  obtains  between  the  parent  alcohols. 

At  line  15  from  bottom,  p.  536,  iusart  the  word  **  much  "  before  "  lower," 
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and  at  line  T3  iniiert  the  words  **  melts  at  only  a  14^  higher  "  temperature,  instead 
of  at  a  higlier  temperatare. 

(1527)  AntkraquinoL — Comp.  note  to  1489. 

(1530)  Glycerol. — Sodium  glycerol  (p.  539)  yields  methylglycol,  among 
other  products,  on  dry  distillation ;  it  suffices  to  ditftil  a  mixture  of  equal  mole- 
cular proportions  of  glycerol  and  sodium  hydrate  (Ber,  12,  1872). 

According  to  Fitz  {Ber,ll,  42, 1892),  BotnilliM  subtUis  ferments  glycerol 
with  formation  of  etliy lie  alcohol,  100  grammes  of  glycerol  yielding  from  25-30 
grammes  of  alcohol ;  an  allied  Bacillus,  somewhat  larger  in  size,  however,  pro- 
daces  normal  butylio  alcohol  (p.  546).  It  may  also  be  fermented  to  normal 
propylic  alcohol  {Ber.  13,  36). 

(1534)  PyrogalloL — The  formation  of  anthragallol  (1706,  p.  807)  with 
the  aid  of  pyrogallul  would  appear  to  indicate  that  in  this  latter  the  three  OH 
gionps  are  relatively  in  the  positions  1:2:3  (comp.  p.  810),  but  the  occurrence 
of  isomeric  change  in  such  a  reaction  is  by  no  means  improbable. 

( 1 535)  P^loroffluooL — This  alcohol  is  formed  on  fusing  phenol  or  resorcinol 
with  sodic  hydrate,  the  latter  yielding  nearly  70  per  cent,  of  its  weight ;  the 
former  only  abont  20  per  cent.  (Barth  and  Schroder,  Ber,  12,  417,  503). 

(1544)  leoduleitoL — Comp.  fiehrend,  Ber,  II,  1353. 

(1554)  Ouprie  reducing  power  of  Carbohydrates. — Sozhlet,  in  a  recent 
paper  (Jour.  pr.  Ckem.  [2]  21,  227-289),  entirely  condemns  the  gravimetrio 
process  for  the  estimation  of  dextrose.  He  finds  that  the  amount  of  cupric  salt 
reduced  by  this  and  most  other  carbohydrates  is  largely  influenced  by  the  con- 
eentration  of  the  solution  and  by  the  presence  of  an  excess  of  the  cupric  salt.  Thus, 
*5  grm.  dextrose  in  a  i  per  cent,  solution  reduces  105*2  cc.  of  Fehling^s  soluti(m 
of  ordinary  strength,  but  only  loi't  cc.  of  the  same  solution  diluted  with  4 
▼ols.  of  water ;  its  reducing  power  is  greater  in  presence  of  an  excess  of  the 
ozidixing  agent  The  same  is  true  of  invert  sugar  and  lactose ;  the  reducing 
power  of  milk  sogar  is  not  altered  by  this  amount  of  dilution,  and  is  less  affected 
by  an  excess  of  oupricsalt ;  the  reducing  power  of  amylon,  on  the  other  hand,  is 
not  affected  by  the  employment  of  an  excess  of  Fehling*s  solution  of  ordinary 
•treogth,  but  diluting  the  solution  has  the  effect  of  increasing  it.  From  these 
results  Soxhlet  argues  that  it  is  not  legitimate  to  suppose  that  the  carbohydrates 
are  capable  of  reducing  cupric  salts  in  a  definite  niolecnlar  ratio  (comp.  p.  581). 
The  facts  he  adduces,  howerer,  scarcely  warrant  so  sweeping  a  conclusion;  the 
prodacts  of  oxidation,  whaterer  their  nature,  may  be  expected  under  all  circum- 
stances to  exert  a  certain  amount  of  aetion  on  the  caprio  salt,  and  it  does  not 
appesr  probable  that,  if  it  were  not  the  case,  the  approach  to  a  definite  molecular 
proportion  would  be  so  constant,  or  so  near,  as  it  actually  is.  The  reducing 
power  of  dextrose  being  taken  as  100,  that  of  the  other  carbohydrates  in  i  per 
Mnt.  solutions  for  Febling*s  (f),  Knapp's  (k),  and  Sachsse*s  (s)  solutions  (comp. 
pp.582,  607)  is  given  in  the  first  three  columns  of  the  following  table,  the 
number  of  cc.  of  Knapp's  (e)  and  Sachsse*s  (s)  solutions  which  are  reduced  by  i 
gram  of  each,  in  a  i  per  cent  solution  being  shown  in  columns  4  and  5  : 


f. 

k. 

8. 

K. 

8. 

Cane  sugar      . 

lOO'O 

... 

lOO'O       .. 

..       lOO'O 



— 

Invert  sugar   . 

962 

••• 

990  .. 

.       124-5       - 

502-5       • 

..      376-0 

Lwvulose   .     . 

924 

... 

I02-2       .. 

.       1486       ... 

508-5       .. 

•     449*5 

Milk  sugar      . 

70-3 

••• 

649       ., 

..          709       ... 

322-5      - 

..     2145 

Inverted  do.    . 

96*2 

••• 

90'0     „ 

..          85-5       ... 

4488       .. 

..     2580 

Lactose      .     . 

93'2 

... 

83-0     .. 

.          748       ... 

4130       .. 

,.     226*0 

Amylon     .     . 

61*0 

••■ 

638     .. 

650       ... 

3175       •■ 

•     197*6 

I  gram  of  dextrose  reduces  497*5  cc.  of  Knapp's  and  302*5  cc.  of  Sach8a^8Qlji.-^Tp 
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tion.  These  solutions  contain  almost  the  same  amounts  of  mercury,  but  rerj 
different  amounts  of  alkali. 

(1559)  Lactose. — ^According  to  Soxhlet,  the  app.  sp.  rot.  power  in  a  10  per 
oent.  solution  ofa-Iactose  is  [a]o=8i°'5,  which  is  a  considerniilj  lower  vaioe 
than  that  given  by  Fudakowski.  Soxhlet's  observations  lend  support  to  the 
conclusion  that  ordinary  dextrose  is  one  of  the  products  of  the  hydrolyiiia  of 
milk  sugar. 

(1564)  Cane  Sugar. — On  the  app.  sp.  rot.  power  of  cane  sugar  in  aqoeooi 
solutions,  see  Tollens  and  Schmitz,  Ber.  10,  1403,  1414.  On  the  »p.  gr.  of 
cane  sugar  and  roaltoj<e  in  solution,  see  Brown  and  Heron,  C.  S.  Trans.  1879, 
602,  618.  Cane  sugar  is  slowly  inverted  by  digestion  with  malt  extrut 
(Brown  and  Heron,  op.  cit.  p.  609). 

(1565)  Milk  Sugar.— Oimt  the  fig.  2  before  C^.H^O^^,  line  8  from  bottom, 
p.  611.  On  some  properties  of  milk  sugar,  see  Mills  and  Hogarth,  £.  ^oe. 
Proc,  28,  273.     On  its  cuprtc  reducing  power  comp,  Ber.  11,  2076. 

(1566)  AmyloH  or  Maltose, — On  the  cupric  reducing  power  and  app.  sp. 
rot  power  of  this  carbohydrate,  comp.  Soxhlet,  Brown  and  Heron,  and  O^SuiliTan, 
C.  S.  Trans.  1879,  770.  Omit  the  fig.  2  before  C„H„Oj^,  line  8  from  top,  p. 
613.     Diastase  solution  is  without  action  on  amylon  (Brown  and  Heron). 

(1570)  Synthesis  of  Carbohydrates. — According  to  Demole  {Ber.  1^ 
1935),  the  octaoetate  obtained  by  the  action  of  acetic  anhydride  on  dextrose 
(comp.  p.  580)  yields  on  treatment  with  alkali  a  carbohydrate  of  the  formuk 
C„H,,Ojj,  having  all  the  properties  of  that  prepared  by  Grautier  from  dextroae. 
By  t^'ting  on  the  mixture  of  glucoses  from  milk  sugar  with  acetic  anhydride,  an 
octacetate  of  the  formula  C^fi^fi^(C^H.fi^\  is  produced,  which  has  all  the  pro- 
perties of  that  prepared  directly  from  milk  sugar  (Demole).  On  the  acetates 
prepared  from  va^ous  carbohydrates,  see  Franehimont,  Ber.  12,  1938;  Hen- 
fbld,  Ber.  IS,  265.  Peligot  states  {C.B.  89,  918)  that  among  the  produdi 
of  the  action  of  calcic  hydrate  on  dextrose  is  a  crystalline  body  of  the  formula 
^li^tfiiv  ^^^^^  ^^  destitute  of  cupric  reducing  power,  nnfermentable,  unaltered 
by  cold  concentrated  sulphuric  acid,  and  but  little  attacked  by  nitric  acid ;  in 
crystalline  form  and  many  of  its  properties,  this  body  closely  resembles  myeon 
(1568;  comp.  Berthelot,  C.B.  89,  965). 

(157 1)  Starch, — On  the  solubility  of  starch  in  water  and  on  the  propertiea 
of  starch  paste,  see  Brown  and  Heron,  C.  S.  Trans.  1879,  596.  The  experi- 
roents  of  O'Sullivan  on  the  action  of  malt  extract  on  starch  have  been  extended 
by  Brown  and  Heron,  who  have  arrived  at  somewhat  different  oonclusions. 
Assigning  the  app.  sp.  rot.  power  [a]j  s=  150^  to  amylon  (maltose)  and 
[o]j  =  216  to  araylin  (dextrin),  and  a  cupric  reducing  power  of  61  to  amylon — 
values  calculated  on  the  aftsumption  that  tho  solid  matter  in  solution  has  the  e^ 
gr.  '0386—they  also  conclude  that  the  results  obtained  are  compatible  withtbe 
hypothesis  that  amylon  and  amyliu  alone  are  produced.  They  find,  however, 
that  even  cold  malt  extract  acts  rapidly  on  cold  stanch  paste,  the  relative  amounts 
of  amylon  and  amylin  (deduced  from  the  observation  of  the  cupric  redndng 
power  and  app.  sp.  rot.  power)  produced  under  these  circumstances,  or  at  tempe- 
ratures not  above  60®,  being  in  accordance  with  the  equation(C^H,^0  ),, -I-  BOH, 

=  8C,,H„0„  +  {Cfi^fiX-  If  the  malt  extract  be  heated  to  66  ,  a  smaller 
proportion  of  amylon  is  produced — viz.,3C„H,,0j,:(C^Hj^0j„;  if  the  extract  be 
heated  to  75°,  or  if  malt  extract  heated  to  66**  and  rendered  alkaline  with  sodie 
carbonate,  be  employed,  the  proportions  are  2C„Hjj0j^ :  (C^Hj^OJ^^.  And  if 
malt  extract  heated  to  66°,  and  made  very  slightly  alkaline  with  ««odic  hydrate, 
be  used,  the  proportions  are  Cj,H^O,j :  {C^H^fi^)^^.  Malt  extract  has  no  action 
on  amylon,  but  on  digestion  with  dilute  sulphuric  acid  this  carbohydrate  is 
entirely  converted  into  ordinary  dextrose.     These  results  maf  be  explained  on 
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the  assamption  that,  as  pointed  out  on  p.  656,  starch  has  a  very  high  molecular 
weight — viz.,  ^^^11^0^^=  (0^11,^0,)^^^,  and  that  under  the  influence  of  the  malt 
extract  it  undergoes  gradual  iiimplifioation,  C„-  groups  being  split  off  and  form- 
ing amylon,  the  residue  in  each  case  constituting  an  "  amylin/*  On  this  hypothesis 
the  "  amylins"  formed  at  different  stages  differ  in  molecular  weight ;  the  difference 
in  their  behaviour  with  iodine  lends  some  support  to  this  view,  but  on  the  other 
hand  they  all  appear  to  have  the  same  ^p.  rot  power,  and  to  be  otherwise  identical. 
0*Sullivan,  in  a  recent  paper  ( ^.  5.  Trans,  1879,  770),  in  which  he  upholds 
and  extends  his  former  observations,  adduces  additional  facts  in  opposition  to  this 
view  that  the  different  **  amylins*  are  different  terms  in  a  series  of  polymerides. 
It  is  highly  probable  that  amylon  and  "  amylin**  are  not  the  only  products  of 
the  action  of  malt  extract  on  starch,  but  that  bodies  intermediate  in  character  are 
also  formed  (comp.  Herzfeld,  £er.  12,  2120;  Soxhlet,  Jour,  pr.  Chem.  [2] 
21,  2707);  their  production  is  readily  accounted  for  on  the  above  hypothesis 
if  it  be  supposed  that  the  elements  of  water  are  added  on  to  the  starch  molecule, 
and  that  a  change  takes  place  somewhat  similar  to  that  involved  in  the  conver- 
sion of  ethyleniu  oxide  into  glycol.  The  whole  question  of  the  constitution 
of  starch  and  its  transformations  is,  however,  one  of  extreme  difliculty,  and 
one  which  no  doubt  will  not  be  set  at  rest  without  much  further  experimental 
investigation. 

According  to  Musculus  and  Mering  {Bull.  Soe,  Chem,,  81,  105),  saliva 
and  pancreatic  fluid  also  convert  starch  into  amylin  and  amylon,  and  aldO  gradu- 
ally transform  the  latter  into  dextrose.  Brown  and  Heron  (private  commu- 
nicalian)  have  verified  these  observations  for  pancreatic  juice,  which  they  find 
is  capable  of  slowly  converting  amylon  into  dextrose,  although  it  is  unable  to 
induce  the  inversion  of  cane  sugar.  The  small  intestine,  especially  that  portion 
where  the  so-called  Peyer's  glands  are  situate,  furnishes  a  secretion  which, 
although  very  slow  in  its  action  on  starch,  very  rapidly  converts  amylon  into 
dextrose,  and  also  inverts  cane  sugar. 

Synanthrote, — Dieck  and  Tollens  {Ann,  198,  228)  have  shown  that  the     ■ 
so-called  synanthrose  of  Popp,  or,  as  they  term  it,  l»vulin,  has  the  empirical 
composition  Cfi^fi^  (comp.  p.  641). 

(^575)  Glycogen, — ^According  to  Musculus  and  Mering  (loc,  cii.),  glycogen 
resembles  starch  in  yielding  dextrin  and  amylon  on  treatment  with  saliva  or 
malt  extract.  Bernard's  conclusions  with  regard  to  the  amount  of  "  glucose  '* 
in  blood  (p.  644)  from  various  parts  of  the  body  are  disputed  by  Pavy  {It,  Soc. 
Proc.  26,  314,346). 

(1589)  JEihers  qf  the  C,JJ^+i.O.C„S^.i  series.  —  On  the  action  of 
sulphuric  acid  on,  see  Eltekoff,  Ber.  10, 1902.  Tinylethylether,  C,H^.O.CjH,, 
see  Wislicenus,  Ann,  192,  106.  This  ether  boils  at  35* "5  ;  on  decomposition 
with  dilute  sulphuric  acid,  it  yields  ethaldehyde  and  ethylio  alcohol. 

(1594)  Anethol, — On  the  syntheUs  of  this  compound  and  of  isomeric  and 
homologous  ethers,  see  Perkin,  C.  S.J.  32,  668;  C.  8.  Trans,,  1878,  211. 

(1596)  Fropylenic  Oxide. — The  oxide  obtained  from  the  chlorhydrin 
CH,C1.CH,.CH,(0H)   boils    at  jo°  (Reboul,  Ann.    Chem,    Bhys,   [5]  14, 

453)- 

(1605)  Pyrogallol  ether-alcohols. — Comp.  note  to  1699. 

(1606)  Glucosides. — Glycyrrhizin,  according  to  Habermann  (Ann.  197, 
105),  is  the  acid  ammonio  salt  of  a  nitrogenous  acid,  glycyrrhizic  acid,  and 
has  the  formula  C^H^^NO„(NHJ. 

Helicin, — This  glucoside  may  be  prepared  by  the  action  of  so-called  aceto- 
chlorhydrose  (p.  580)  on  the  potassium  derivative  of  salicylic  aldehyde, 
C,H/OK).COH,  Michael,  CB.  89,  355. 

Sinalbin,  acording  to  Will  and   Laubenheimer    {Ann,    199, ^^o),    , 
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analogous  in  constitutioD  to  potassic  myronate  (p.  697),  being  resolved  bj  tb« 
action  of  myosin  into  sinalbin  thiocyanate  C,H.O.  NCS,  glucose  and  sinapine 
sulphate.  C„H^O,.H,SO^. 

(1634)  Amidoethylic  Acohoh — On  the  various  products  of  the  action  of 
hydrocyanic  acid  on  this  compounds  see  Erlenmeyer,  Ann,  200,  1 20 ;  oomp. 
1775,  1780. 

(1647)  Heptald^hyde, — On  the  preparation  of  from  castor  oil,  see  Srafil^ 
Ber.  10,  2034. 

(1658)  Protocaiechnic  Aldehjfde. — An  isomeric  aldehyde  is  obtained  bj 
the  combined  action  of  chloroform  and  alkali  on  resorcinol,  and  a  homologue 
from  orcinol  (Ber.  10, 2210 ;  12,  9991). 

(1661)  Homohgues  qf  Benzaldehyde.-^-On  the  formation  of  cumic  aldehyde 
from  cymene,  see  noto  to  1302.  The  production  of  an  add  of  much  higher 
melting  point  than  oumio  acid  by  oxidation  of  propylisopropylbenzene  appears  to 
aiford  confirmation  of  the  conclusion  that  cumic  aldehyde  is  an  isopropyl  deriva- 
tive. Pbenethaldehyde,  C^H,.CH,.COH,  is  produced,  together  with  a  compound 
of  the  empirical  formula  C,H,0,on  heating  phenylglycol^C,H,.CH(OH).CH,(OH), 
with  2Q  per  cent,  sulphuric  acid.  This  glycol  is  prepared  from  the  oomaspond- 
ing  bromide  from  oinnamene ;  on  oxidation,  it  yields  mandelic  acid  and  small 
quantities  of  benzoylcarbinol,  C,H^.C0.CH,(0H),  and  benzoylformic  add. 
C,H..CO.COOH,  {Ber.  10, 1004.  i486  •  U,  1399;  13,  635). 

(1662)  Furfuraldehyde, — On  the  constitution  of,  see  1927. 

(1669)  Pktkaldehjfde.'-'Th^   supposed  aldehyde  from    phthalic  chln-ide 

appears  from  reoent  researches  of  Heppert  to  have  the  formula  C,H^  |  qq   [O ; 

the  acid  formed  from  it  by  the  action  of  alkalis  has  the  corresponding  formoJa 
C,H^(CH,.0H).C00H.  Phthalid,  as  this  substance  is  more  appropriately  termed, 
does  not  combine  with  acid  sulphites.  Phthalic  chloride  pijobably  oorrespcrnds 
in  constitution  to  phthalid  (Ber.  11,  237). 

(1671)  Ibrmation  of  Ketones, — According  to  Gustavson  {Ber.  U, 
2 151),  aluminic  chloride  unites  with  benzene,  toluene,  <&c.,  forming  compounds 
such  as  6C^H,:A1,CI,,  and  these  apparently  play  an  important  part  in  the  re- 
actions realized  by  Friedeland  Crafts  (p.  772). 

(1672)  Action  qf  Nitric  Acid  on  Ketones. — The  supposed  nitro-derivatives of 
acids  of  the  acetic  series  formed  on  treatment  of  ketone  of  the  C0(C^II^^ 
series  with  nitric  acid  are  apparently  "  dinitro-parafiBns.''  Thus  the  supposed 
nitropropionic  acid  from  dipropylketone  (p.  776)  is  probably  identical  with  the 
"  dinitropropane ''  of  ter  Meer  (Chancel,  C.E.  86, 1405).  On  niferoso-deriva- 
tive  of  ketones,  see  p.  91 5 . 

(1678)  Ketones  of  the  {CJ^^^^^CO  series. — On  the  ketones  of  the  form 
CH^.CO.CnH^n^  contaiuing  13,  15,  17  and  19  carbon  atoms,  see  EraSt,  iSer. 
12,  1664. 

(1687)  Camphor. — Comp.  pp.  976,  979. 

(1689)  Qfltinhydrone.^'Th.Q  formula  C^,H^^O^  for  this  substance  has  been 
confirmed  by  Nietzki,  Ber.  12,  1779*  Besorciuol  also  combines  with  quinone, 
forming  an  isomeride  of  quinhydrone. 

(1690)  BhenoquiTione. — The  formula  of  this  compound,  according  to 
Kietzki,  is  C^^U^^O^  and  not  C^H^^O^ ;  i.e.,  it  contains  the  elaiaeats  of  i  moL 
of  quinone  and  2  mols.  of  phenol. 

(1699)  Cedriret— The  substance  in  beech-tar  fipom  which  cedriret  is 
derived,  according  to  Hofmann,  has  the  formula  CjH^,03  =  C,H,(0Ciy,.OH. 
Beech  tar  aUo  contains  a  methylpyrogalloldimethylin  and  the  compound 
^u^u^a  referred  to  on  p.  800  is  apparently  a  propylpyrogalloldimeUiylin, 
C,H,.C.H,(OCH,),.OH.  The  diethylin  C,H,(OC,H,),.OH  yields  an  ethjl- 
cedriret  on  oxidation  {Ber.  11,  329,  798,  1455  ;  12,  1371,  22^6).      j 
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(1705)  Ifomeridet  of  Alizarin^^IAud  17  ftom  bottom  p.  804,  rabetitute 
a-3'for(7)  a'-j  or  2'-2. 

Ckfysazin  may  readily  be  prepared  from  antkraoeiie-a-disalphoiiie  acid,  either 
by  converting  this  into  the  corresponding  dihydroxyanthraoene  which  is  then 
oxidized,  or  by  oxidising  the  solphonacid  and  then  fusing  the  resulting  anthra- 
quiuonedisiilphottie  acid  with  potassie  hydrate  (Liebermaaa  and  Boeok,  Ber, 
11,1613;  12,  i82»  1S87). 

AnlJkra/Uiwne,moGCKd\xig  to  the  later  researches  of  Sehuaok  and  Boemer  {Ber. 
11«  969),  is  a  mixtuM  of  three  isomerides,  the  product  fixxm  100  pts.  metahy- 
droxybenzoie  acid  conaiiiting  of  30  pts.  anthrafladc  acid^  4-5  pta.  metftbecu^ioxy- 
anthraquinone  and  2  pts.  anthramfiu.  The  second  of  these,  already  partially 
described,  does  not  jrield  colours  with  mordants ;  on  fusion  with  potassie  hydrate 
it  yields  isopurporio,  being  much  more  readily  acted  upon  tbaa  anthra*  or 
iso-anthraflaFic  acid.  The  acetyl  derivatiire  melts  at  199^  Anthrarafin  may  be 
much  more  readily  obtained  from  aathrac6no-/3-di8ulphonic  acid  in  the  same 
way  that  chrysasin  is  formed  from  the  a-aeid  {Ber.  U,  nj6,  1613;  12, 
182,  1287).  It  crystallises  in  yelbw  prisms,  melting  at  280^;  it  does  not  yield 
colours  with  mordants)  on  treatment  with  nitric  acid  it  forms  a  tetra-nitro- 
derivative ;  its  acetyl  derivative  melts  at  245°.  It  is  converted  into  the 
same  trihydroxyanthraquinone  as  cbrysazin  when  fused  with  potassie  hydrate ; 
and  like  cbrysacin,  if  heated  with  potassie  hydrate  at  a  temperature  somewhat 
below  that  U  which  the  tribydroxy-compouad  is  formed,  it  fruniahes  a  mixture 
of  salicylic  and  methydroxybensoic  acid. 

Line  16  from  top,  p,  809,  the  reference  should  be,  Seuberlioh.  Ber,  10, 38. 

(1710)  ComUtuium  qf  Anthraquin^Me  DeriwUioe», — Three  dihydroxy- 
anthraquinooes  may  theoretically  be  derived  from  metabydroxybenzoic  acid,  and 
not  two  as  stated  on  p.  810,  where  one  of  the  figures  (the  first)  is  incorrectly 
printed,  they  are  represented  by  the  following  symbols : — 

OH  OH 

k— CO-i 

— co- 


The  formation  of  salicylic  and  metabydroxybenzoic  acid  on  fusing  anthrarufin  with 
potassie  hydrate  eon  only  be  explained  on  the  assumption  that  anthrarufin  is 
represented  by  the  first  of  these  figs.  (Liebermann  and  Behnst,  Ber.  12, 
1293).  From  the  fact  that  anthrailavic  acid  is  the  chief  product,  and  on 
account  of  its  formation  from  anthraquinone,  it  can  hardly  be  doubted  that  its 
constitution  is  represented  by  the  second  fig.,  and  the  third  therefore  must  be  re^ 
garded  as  representative  of  metabenzbioxyanthraquinone.  Isoanthraflavic  acid 
not  improbably  has  the  constitution  indicated  by  fig.  i,  p.  810 ;  and  chrysazin 
either  corresponds  to  fig.  3,  p.  810,  or  contains  the  hydroxy!  groups  in  the 
positions  3' — i,  since  it  yields  the  same  acids  as  anthrarufin  on  fusion  with 
potassie  hydrate. 

(171 1)  JPhMafUhraquinone. — See  Japp,  Chem.  News,  41,  170. 

(1715)   Constitution  qf  Qmnoii^^. —Comp.  Japp,  C,  S.  Trans.  1880,  86. 

(1723)  Formic  Acid. — Soda-lime  rapidly  absorbs  carbonic  oxide  at  a  tempe- 
rature of  200° — 220°,  forming  sodic  formate  (Merz  a.  Tibiri^a,\B^.  18,  23 ; 
Geuther,  Ber.  13,  3237. 

(1729)  Diamylene. — Corap.  ft.  note  with  note  to  1232. 

(1732)  Higher  Homologues  of  Acetic  Acid. — It  has  long  been  remarkable 
that  scai'cely  any  of  the  higher  terms  containing  an  uneven  number  of  carbon  atoms 
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were  known  ;  the  blank  has  reoenUy  been  filled  np  by  the  preparation  of  the  adds 
containing  ii,  13,  and  ij  carbon  atoms  by  oxidation  of  the  ketones  referred 
to  in  thenote  to  1678  (KnSt,  Ber,  12,  1664).  These  acids  melt  respectively 
at  28^*5,  40''*5  and  5 1° ;  and  boil  onder  a  pressare  of  about  100  mm.  at  2 1 2^'5, 
236°  and  257^     Margaric  add  boils  under  this  pressnrevat  27 7^ 

(1744)  Ethereal  8<UU» — The  phenomena  attending  the  fcsnatioa  of 
ethereal  salts  have  been  further  studied  by  Menschut^Lin,  who  has  extended  his 
observations  to  many  other  alcohols  and  adds  besides  those  mentioned  in  this 
section  (oomp.  Awn.  105,  334  ;  107,  193;  Ber,  12;  665,  2168;  13, 162). 

(1840)  MdUonie  acid, — The  ethylic  salt  of  this  add,  like  ethylie  aoeto- 
aoetate,  readily  exchanges  one  .of  its  atoms  of  hydrogen  for  sodinm  when  sub- 
mitted to  the  action  either  of  sodium  or  of  sodic  ethykte.  The  resulting  mono- 
sodium  derivative  is  acted  upon  by  haloid  compounds,  suoh  as  the  moniodo- 
paraffins,  furnishing  derivatives  of  the  form  CHX(COOC,HJ,,  which  also  are 
capable  of  exchanging  an  atom  of  hydrogen  for  sodium ;  and  the  sodium  deri- 
vative thus  produced  may  then  be  converted  into  compounds  of  the  form 
0XT(COOC,H^),  by  treatment  with  haloid  compounds.  The  ethereal  salts 
formed  in  this  manner  mostly  yidd  corresponding  acids  on  saponification ;  thcee 
acids  decompose  when  heated,  evolving  carbonic  anhydride,  derivatives  of  aoetie 
acid  of  the  forms  CH,X.COOH  and  CHXY.COOH  being  produced. 

Ethylic  malonate  is  readily  acted  upon  by  chlorine.'  and  converted  into  the 
chlorinated  derivative  CHG1(C00C,H J, ;  this  is  converted  into  potaade 
tartronate,  CH(OH)(COOE),,  on  treatment  with  potassic  hydrate.  The  deri- 
vatives of  ethylic  malonate  of  the  form  CHX(COOC,H^),  behave  similarly. 
Ethylic  chloromalonate  and  ethylic  sodiummalonate  react  to  form  the  compound 
(COOC,H,),CH.CH(COOC,HJ,.  Lastiy,  ethylic  sodiummalonate  and  the 
sodium  derivatives  of  the  malonates  of  the  form  CHX(COOC,H^),  are  converted 
by  nitrous  add  into  corresponding  nitroso-compounds,  so  that  the  analogy  between 
ethylic  malonate  and  acetoacetate  is  complete  (Conrad;  Conrad  and  Biaehoff, 
Ber.  12,  249, 1236  ;  18,  595). 

(1864)  -^aZitf  acid. — Although  a  weak  solution  of  ordinary  malic  add  is 
]»vorotatory,  a  concentrated  solution  is  dextrorotatory,  the  variation  in  rotatory 
power  being  expressed  by  the  equation : 

Hd=5'89I— •089593', 

where  q  is  the  weight  of  water  in  100  parts  of  solution,  5*891  being  the  spedfie 
rot  power  of  the  anhydrous  add.  Sodium  malate  exhibits  a  similar  behaviour, 
its  rotatory  power  being  expressed  by  the  equation 

[o]j>=i5*202 — 3322  +  •00081849*  (Schneider,  Ber.  18,  620). 
In  this  respect,  malic  acid  manifests  considerable  analogy  with  dextrotartaric 
acid,  very  concentrated  alcoholic  solutions  of  which,  according  to  Amdtsen,  are 
leevorotatory.  These  facts  meet  with  an  explanation  on  the  assumption  *-ln>t 
the  acid  forms  a  compound  with  the  solvent,  and  that  the  add  and  its  compound 
with  the  solvent  are  bodies  of  opposite  rotatory  power. 

(1876)  Diaterehic  acid. — This  acid  and  terebic  add  would  appear  to  have 
the  following  formula  (Bredt.  Ber.  13,  748). 

(CH,),C(OH).CH,.CH(COOH),    (CH,),.C.CH,.CH.COOH 

0 CO 

(1883)  Desoxalic  acid. — The  formula  of  this  acid  as  printed  is  incorrect; 
it  should  be  C,H,0.. 
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,,  methacrylic,  958 
»i  „  bromo-,  966 

},  „         chloro-,  966 

„  metheUiacetic  (secondary  yaleric),  447, 

„  methethhydrozyaoetic,  896 

„  methethhydroxybatyric,  898 

,,  metbethozalic,  896 

I,  methhezacetio  (nonylic),  S36 

,,  metbbydrozyphthalic,  675 

, ,  methy  drozyaoetic,  or  etbylidenelactic, 

887 

„  methhydroxybatyric,  896 

,,  methylcrotonic,  or  tigUc,  958 

„  methylethacrylic,  961 

„  methylic  (formic;,  83  r 

„  methylmalonic,  or  iaosnccinic,  930 

,,  metbylpropane-a-dicarboxylic,  933 

,,  methy Isnodnic,  or  pyrotartaric,  931 

,,  moniolacetic,  861 

„  moniodopropionic,  861 

„  monobromacetic,  860 

„  a-monobromopropionio,  861 

„  /3-monobromopropionic,  863 

„  monochloracetic,  859 

„  monochlorobntyric,  863 

„  a-monochloropropionic,  861 

„  /3-monochloropropionic,  861 

f,  mononitrobeptylic,  978 


Acid,  moringic,  963 

„  mncic,  587,  611,  951 

„  muoobromic,  995 

„  mucochloric,  995 

„  mnconic,  973 

,,  myristic,  338 

„  myronie,  697 

,,  naphthaJic,  358 

,,  nitric,  action  of,  83 

„  nitrococcosic,  690 

„  nitropyromeoonic,  999 

„  /3-nitroBopropionic,  915 

„  nitrooa,  action  of^  83 

,,  /3-nitrozypropionic,  889 

„  nonylic,  or  pelargonic,  normal,  856 
„  „  „  laoprimary,  836 

„  octyiie,  or  caprylic,  normal,  835 
„  „  „       ifloaecondaiy,  835 

„  osnanthylic,  or  heptylic,  834 

„  oleic,  963 

„  orsellinic,  538 

,,  orthocarbonic,  877 

y,  orthobenzoylbenzoic,  386 

,,  orthoformic,  833 

„  ozalic,  p30 

„  ozyacetic,  or  glycolic,  881 

,,  oxybntyric,  or  bydrozybatyric,  895 

„  ozycamphoronic,  978 

„  ozifiubutyric,     or   hydrozyisoba^yrie^ 

5'<5,  89s 

„  ozypicric  (trinitroresoreinol),  523 

„  ozypyromecazonic,  999 

„  ozyteiric,  981 

,,  ozy?aleric,  516 

,,  palmitic,  838 

,,  palmitolic,  981 

„  parabenzoylbenzoic,  385 

„  paracamphoric,  975 

„  paraconic,  973 

„  paradipimalic,  885 

„  paraiiinic,  144 

„  paralactic,  891 

„  paramethcxyphenylacrylic,  764 

,,  paraphenylbenzoic,  385 

„  pelargonic,  or  nouylic,  normal,  836 
It  ff  .1  iaoprinmij,  836 

„  peutane-a-dicarboxylic,  933 

„  pentic,98r 

u  peniylic  (valeric),  830 

I,  phoronic,  978 

„  persalphocyanic,  I30 

„  phenoldiaulphonic,  479 

„  phenolmetasulphonic,  479 

„  phenolorthosulphouic,  478 

„  phenolparaaalphonic,  478 

„  phenolpropioniCj  493 

„  phenoltrisolphonic,  479 

„  phloretic,  69^. 

„  pieramic  (amidodiuitrophenol),  478 

„  picric  (trinitrophenol),  476 

„  pimelic,  932,  933 

„  pivalic,  783 

„  propaoetic  (normal  Talerie),  830 

„  propane-a-dicarbozylic,     or    glatariCy 
930 
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Addtpropanetrioaiboxylie,  or  kricarlMUyUe, 

,,  propiQiii(\  838 

»  propylaciylio  (bydroaorbic),  961 

n  piopylnitrotic,  168 

„  prnnic  (bydrocyanio),  90 

„  pyromeconio,  qog 

„  pyromaoio,  766,  993 

M  »»         tetrahromide,  994 

„  0-pyronraoic,  767,  996 

„  pyronoemic,  or  pyrayic,  904 

„  pyrotortarie,  ^31 

„  „            itochloro-,  935 

„  „            mesachloro-,  935 

>«  pyroterebic,  950,  961 

f>  pyra^ic,  or  pyroraoemio,  904 

„  qnartenylic,  or  iaocrotonic,  957 

„  qainoYataniiic,  699 

,,  qainoTio,  6gQ 

f,  raoemio,  946 

„  rfttanbia-taiinie,  700 

„  rioinoleio,  917 

„  rooeUic,  934 

„  roaoUc,  763 

„  mberytbriOy  802,  noU 

„  mbiaeic,  803,  note 

„  rufigallie,  807 

,,  mtic,  or  capric,  837 

„  aaocbaric,  950 

„  salicylic  930 

„  BalicyloaB  (aalicyllc  aldehyde),  760 

„  nroolactic,  891 

,,  n        optical  activity  of,  893 

„  acammooic,  097 

f,  Scbeele's  (hydrocyanic),  93 

„  aebacio^  or  sebic,  934 

p  aorbic,  981 

„  atearic,  839 

„  atearolic,  983 

„  atearoxylic,  983 

I,  a^hnic  (trinitroreaorcinol),  523 

„  anberic,  933 

„  aQOoinio,  935 

„  „        (fibromo-,  934 

„  ,f        moDobromo-,  934 

„  ,,         tribromo-,  934 

„  aolphocampborio,  975 

„  aalphocarbonic,  or  thiocarbonic,  880 

„  avlphocyanio,  130 

„  tampioio,  703 

„  tampicolic,  703 

„  tannic  (tannin),  703 

„  tartaric,  941 

„  tartrelic,  943 

„  tartroDio,  938 

„  teracrylic,  962 

„  terebie,  338,  950 

„  terpenyUc,  338,  950 

„  tetrahydrobeDzoic,  or  benioleio,  983 

„  tetrabydroxytetranedicarboxylic  (aao- 
cbaric), 950 

„  tetrainetbylsaccinic,  933 

„  tetraneglycihecarboxylic  (glutaminic), 
937 

„  tetric,  981 


Add,  tetrolio,  980 

„  tetrylacetic,  or  eaproic  iaoprimary,  834 
ft  i$  If  normal,  833 

„  tetrylic  (butyric),  839 

,,  thiaoetic,  85 1 

„  thiocarbonic,  880 

„  tbiodiglycolic,  884 

„  ihio^lyoolic,  884 

„  thujetic,  703 

„  tiglic,  958 

,,  tribromacetie,  860 

,,  tribromolactio,  893 

„  tricarballyiic,  953 

„  trichloracetic,  513,  859 

„  trichloracetonic,  783 

,,  trichlorhydroxyvaleric,  896 

„  trichlorobntyric,  516,  864 

„  trichlorolactic,  744,  893 

„  trigenic,  736 

„  triglycolamidic,  867 

„  trihydrooyanic,  94 

„  trihydroxybatyric,  003 

,,  trimethaoetic  (tertiary  Taleric),  447, 

783,  83* 

„  trinitrocreaotic^  690 

„  torpetbic,  704 

,,  tarpethoUo,  704 

„  urochloralic,  514 

,,  Taleric,  iaoprimary,  831 

„        „        primary,  830 

„        „       aecondaiy,  831 

„        „       tertiary,  832 

„  Tanillic,  684,  685 

„  reratric,  683 

,,  xanthic,  880 

„  xeronic,  974 
Acidbydrola,  633 
Acidfi,  acetic,  aeries  of^  830 

»,        „        „      haloidderivativeaof,857 

,f        „        „      bydroxyl  derivatives  of, 
871 

„  acryUo,  aeriea  of,  953 

„  amido*,  864 

,,  bromaoetic,  860 

„  camphoric,  974 

„  eaproic,  833 

„  carbo-,  56 

„  carboxylic,  56 

„  chloraoetic,  858 

„  definition  of,  816 

„  etbanedioarboxylic,  935 

„  etherio,  derived  from  lactic  add,  889 

»,  general  properties  of,  818 

„  glyoolic,  or  lactic  series  of,  873 

„  haloid  derivatiTes  of^  60 

,,  hexanedicarboxylic,  933 

„  hexyUc„  or  eaproic,  833 

„  hydroxyadipic,  949 

,f  hydroxybatyric,  894 

,.  hydroxycaproio,  896 

„  hydroxydcdecylic,  898 

,,  hydroxy heptylic,  897 

„  hydroxyoctylic,  898 

,,  hydroxypropane-a-dicarboxylic,  949 

,,  bydroxypyrotartarie,  949 
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Acids, hydroxyraleric,  896 

iodacetic,  861 

ketoDie,  904 

lactic,  884 

maldc,  series  of,  967 

malic  (isomeric) ,  94 1 

modes  of  formation,  817 

nitrolic,  167 

ofgaoic,  56 

pentanecarboxylici  9  39 

phosphonio,  57 

propanedicarbozylie,  930 

pyrocitriCj  ^69 

snoeinic  series  of,  9x8 

sulphuric,  57 

snlpho-,  57 

snlphonic,  57 

tetraDediearbozylio,  931 

tfaiocarbdnic,  880 
,,     valeric,  series  of,  830 
Acraldehyde,  or  acrolein,  545,  752 
Acrinyl  Uiiocyanate,  70a 
Acrolein,  or  acnddehyde,  545,  75a 
Aerothialdin,  754 
Acrylates,  956 
Action  of  halogens  on  Carbon  eompoonds, 

78 
.Sscigenin,  688 
.Ssoroein,  687 
^sorcin,  688 
iEscnletin,  687 

„  par-,  687 

„         triaoil-,  687 
„  triaoetyl-,  687 

^sculin,  687 

„        hexacetyl-,  687 
„        triaoil-,  687 
Agents,  dehydrating,  action  of,  83 
„      oxydiziog,  action  of,  71 
„      reducing,  action  of,  75 
Ajowan,  oil  of,  343 
Alanine,  or  propane -glycine,  738,  868 
/}-alanine-a-carbonamide^  936 
Alban,  246 

Alcohol  (ethylic  alcohol),  425,  1005 
absolute,  426 
allylic,  464 
amidoethyllc(aldehydeamn)onia), 

737.  »oio 
amyb'c,  higher  homologues  of,  457 
„     iaoprimary,  445 
,,     normal  primary,  445 
„    tertiary,  450 
benzylic,  490 
bromopropylic,  515 
butylie,  normal  primary,  438 
„      iaoprimary,  438 
„      secondary,  439 
„      tertiary,  439 

cerylic.  457 
cetylic,  457 
o-chloropropylie,  514 
cinnamic,  495 
ooniferylie,  091 
cnmie,  494 


Aleohol,  cnminylie,  494 
„        cyanethylic,  736 
„        decylic,  457 
„        diacetonic,  780 
,,        dichloriaopTopylic,  541 
,,        dichloTDpropylic,  541 
„        diglyceric,  546 
„        ethylenic,  509 

ethyUc,  425*  »«>5 
„  „     hi^er  homologues  of,  457 

„        flnorene,  503 
,,         furfnrylic,  766 
„        heptylic,  normal  primary,  454 

„        isoprimaiy,  454 
„  „        secondary,  455 

„  „        tertiary,  455 

M        hexylic,  normal  primary,  452 
„  >i         isoprimary,  452 

secondary,  452 
tertiary,  452 
„       iodopropylic,  515 
„       isopropylic,  435 
„        melissic,  457 
„       menthylic,  467 
„        methyb'c,  422,  1005 
„        mononitrobenzylic^  490 
„        naphthalenic^  554 
„       octylic,  or  eaprylle,  primary,  456 
„       paratolylie,  492 
„        paroxybensylic,  763 
„       phenylethylic,  primary,  492 
„  „  secondary,*  491 

phenylpropylic,  primary,  494 
"  1.      .  aeeondary,  494 
„       piperonyhc,  765 
„        propargylic,  467 
1}       propylic  chloro-,  191 
„  „       primary,  434 

„       secondary,  435 

syoocerylic,  4A5 
„       thioallylis,  662 
„       thioamylio,  662 
„       thiobensyiic,  662 
„       thiobutyric,  662 
„        thioethylic,  66  i 
„       tbioisobntylic,  662 
„       thioisopropylio,  661 
„       thiomethylic,  661 
„        thiopropylic,  661 
„       triglyoeric,  546 
„        vanillylic,  765 
„        rinylic,  213 
Alcohols,  53,  403 

„        allylic^  series  ot,  464 

amyUc,  444,  1005 
„  „       secondary,  449 

„        benzene  series  of,  460 
„        benzylic  series  of,  468^  471 
„        butylie,  438 
„        dihydric,  504 
„        ether-,  682 
„        ethylic  series  of,  404 
„  „         „    dassifieation  01^4^5 

»»  i»         ,t    diagnoses    o^    415, 

1004 
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Alcohols,  ethylic  oeriei,  of  formation  of, 
407 
i,  t,         „     haloid  deriTativei  of, 

461 
„  „         „    isomerism  of,  406 

i»  „         M     properties  of,    415- 

432 
„        general  oharaeters  of,  403 
it  ft     reriew  of,  563 

,.        heptylic,  454,  56a,  1005 
„        hexylid,  454 
„        nonylio,  457 
„        oetylic,  456 
„        pentylic,  444 
„        polyglyceric,  546 
,         primary,  405,  407,  416 
„        propylie,  434 
„        secondary,  405,  410,  416 

tertiaiy,405,  411,  417 
„        ihio-  (mercaptaos),  659 
„        tritylic  (propylie),  434 
Aldehyde,    acetic    or    ethylic,    727    {tu 
Ethaldehyde) 

„         acrylic  (acrolein),  545,  751 

„         -ammmonia^  737 

>»  i»  oomponnds  of,  737 

„  amyUc,  750 

„         anisic,  763 

„         bensoic,  755  (seeBenaldehyde) 

,)  „        homolognes  of,  1010 

„         butyric,  748 

„         caproic  (hezaldehyde),  751 

„         oetyUc,  751 

„         ohlorobn^rie,  754 

„         dnnunie,  441,  767 

„         crotonic,  754 

,,         enmic  or  cumhiic,  141,  766 

„  diphencth-,  1006 

„         ethylic    or    acetic,    747    (§u 
Bthaldehyde) 

„         formic,  713 

isobutyric,  749 

„         isovaleric,  750 

„        methyleneprotocateohiiiQ^  765 

„         methylic,  7^3 

„         methylprotocateehnie,  764 

„         naphthoic  768 

„         osnanthylio  ((snaathol  or  hept- 
aldehyde),  751,  loio 

„         oxalic  (glyoxal),  768 

„         oxybntyric,  733,  748 

„  palmitic,  751 

„         parametadioxybensoic,  764 

„         parametamethylenoxybeniolc, 

„         parameihoxybenano  or  anisic^ 

763 
„         paiameibylbenxoic,  765 
„         paratoluic,  765 
„         parethoxymetameihoxybenioic, 

764 
„         paroxybencoio,  763     . 
„         paroxymetamethoxybebioic^ 

694,764 
„         pheneth*,  1010 


Aldehyde,  phenylaoetic,  765 
„         phenylacrylic,  767 
„         pbthalic,  770^  lOiO 
„         piperonylic,  765 
„         propionic  or  propylie,  747 
„         protocatechuic,  764,  1016 
„         a-pyromncic,  766,  to  10 
„         /5-pyromucic,  767 
„         -resin,  731 
„         salicylic,  760 
,,         saceinic,  770 
„         terephthalio,  770 
„         toluic,  765 
„       .  trichlorobntyric,  749 
„         valeric,  750 
Aldehydes,  55,  714 

„         aromatic,  755 

„         formation  (rf*,  715 

„         general  properties  of,  716 

„         pent-,  750 

table  of,  722,  755 
Aldehydin,  737 
Aldehydrola,  504' 
Aldines,  721 
Aldol,  733,  748 

,,      polymerides  of,  748 
Ale,  433 
Alizarin,  80a 
•    „       amido-,  804 
,,        brom-,  804 
„       constitution  cfy  376 
„        diacetyl-,  804 
„       isomeridesof,  804,  101 1 
„        manu&cture  of,  803 
„       methyl-,  807 
„        nitro-,  804 
Alkalis,  action  of,  85 
Allene,  218 
AUylaoetone,  789 
Allylbenzene,  342 
Allyldimethylcarblnol,  466,  1 005 
Allylene,  217 
„        iso-,  218 
,,        moniod-,  468 
„        monobrom-,  468 
„        monocfalor-,  468 
Allyienic  dibromide,  ao6 
„        oxide,  218 
„        tetrachloride,  159 
Allylic  aerylate,  957 
„      bromide,  205,  4o6 
„      brom-,  acetate,  106 
„         „     nitrate,  206 
,,         ,,     thiocyanate,  206 
„      chloride,  203 
„      formate,  847 
„      iodide.  207,  544  /. 

„      mercnr-,  iodide,  007 
„      sulphide,  711 
„     tribromide,  160 
„      tricyanide,  175 
„      trioxide,  679 
Aloltn,  808 
Aluxanthin,  808 
Alnminic  acetate,  817 
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Amarine,  757 
Amic  acida,  59 
Amides,  acid,  59 
Amidin  (itarcb),  616 
Amidon  (starch),  616 
Amines,  61 

Ammonia  type  examples  of^  69 
Ammonic  acetate,  8a6 
adipate,  933 
carbamate,  879 
cyanate,  118 
malate,  940 
snlpbocyanate,  120 
tbiocarbonates,  88 1 
Amygdalin,  688 

„  beptacetyl-,  688 

AmylaceoQS  groap,  616 
Amylacetyiene,  (nnanthylidene),  321 
Amylcarbinol,  455 
Amyldimethylbensene,  296 
Amylene,  193*44^  {note),Si$  (noU),  1001. 

,,      dibrom-,  220 
Amy  lenic  chloride,  162 
„      hydrate,  450 
„      oxide,  679 
Amy  lie  chloride,  162 
„      hydride,  139 
„      iodide,  193 
AmyliD,  or  dextrin,  627,  1009 
Amylmethyl,  139 
AmylmethylbenzeDe,  296 
Amylodextrin,  634 

Amyion,  or  starch  sugar,  6 1 2,  626,  1008 
Amylum  (starch),  616 
Analysis,  calculation  of,  35 

,,        of  bodies  oontaiDiog  nitrogen,  22 
„         of  carbon  compounds,  3 
„        of  gaaeoas  mixtures,  32 
,,         of  liquids,  21 
„         proximate,  3 
„         ultimate,  4,  11,  13,  1000 
Anethol,  241,  675,  1009 
Angelates,  960 
Anhydride,  abietic,  239 
„  acetic,  855 

,,  amidocamphoric,  977 

„  bromocitraconic,  972 

„  camphoric,  976 

bromo-,  976 
„  citraoonic,  969,  note 

,,  chlorocitraoonic,  972 

„  diacetotartaric,  945 

„  diacetoxysuccinic,  945 

„  glutaric,  931 

,,  hydroxycamphoric,  976 

„  naleic,  969 

,,  methylsuccinic,  931 

„  pyrotariaric,  931 

„  succinic,  947 

,,  sulphocyanic,   120 

,,  tartaric,  943 

,,  thiacetic,  856 

,,  trimethacetic,  856 

„  xeronic,  974 

Anhydrides,  acid,  60 


Animal  oil,  Dippel's^  258 
Anise,  oil  oS,  241 
AniBol,  674 
Anisylic  hydride^  763 
AnoC  496 
Anthracene,  370 

„  constitution  of^  374,  1004 

„  dibrom-,  374 

„  „        tetiabromide,  374 

„  dichloro-,  374 

„  dichloride,  373 

dihydwK  367,  373 
dioxy-,  536 
„  hexahyuro-,  355,  373 

„  methyl-,  382 

„  monobrom-,  374 

„  monoehlor-,  373 

„  tetrabrom-,374 

„  tetrachlor-,  374 

„  tetroxy-,  803 

„  tribrom-,  374 

Anthraehrysone,  807 
AnthraflaTone,  805,  10  ii 
Anthragallol,  807 
Anthiahydroquinone,  or  anthraquindl,  536, 

1007 
Anihranol,  1006 
Anthraquinone^  801 

„  oon8tituti(»i  of,  and  its  de- 

riTatiTCs,  374, 809,  loii 
„  dibrom-,  801 

„  dichlor-,  801 

„  dimethyl-,  807 

„  dinitro-,  801 

,y  dioxy-,  derivaUves  of,  802 

ei  teq.  (see  also  AHxaria) 
„  erytbroxy-,  802 

„  hexoxy-,  807 

„  methyl-,  807 

,,  monobrom-,  801 

„  monoxy-,  802 

,,  sulphonic,  acids  of,  801 

„  tetroxy-,  807 

„  trbxy-,  derivatiTes  o^  805 

etMq, 
Anthrarufin,  loii 
Anthrols,  504,  1006 
Aphrodesein,  688 
Apigenin,  688 
Apiin,  688 
Aiubin,  589,  651 
Arabinose,  589,  654 
Arbutin,  689 
„        di-,  689 
„       tetranitro-,  689 
Argentallylene,  218 
Argentic  acetate,  826 
„       aoetoformate,  905 
„       acrylate,  956 
„       augelate,  96o 
„       hutyrate,  830 
„       crotonate,  957 
„       cyanide,  99 
,,       cyanurates,  122 
„       dimethacrylate,  960 
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Argentic  dimethethaoetate,  83 

,,       formate,  823 

f,       fulminate,  123 

„       faronate,  996 

„       heptylate,  835 

„       hydracrylate,  or  a-hydroxypropio- 
nate,886 

,,       iBobatjrate,  830 

„       isovaleiate,  831 

,,       meconate,  998 

,,       methethaoetate,  831 

,,       nonylate,  836 

„       potassic  falminate,  134 

„       propionate,  82H 

,,       pyrarate,  or  aoetoformate,  905 

„       trimethaoetate,  833 
Argol94a 
Amidn,  690 
Arrack,  43a 
Arrowroot,  6a  1 

Arsenicum,  in  carbon  compounds,  deter- 
mination of,  26 
Artiada,  47 
Asparagine,  086 
Asphalt,  146 

Asymmetric  carbon  atom  hypothesis,  986 
Atom,  distingnished  from  molecule,  42 
Aurantin,  690 
Aurons  cyanide,  101 
Anstracamphene,  335 
Aastraterebenthene,  234 
ATogadro*s  lav,  38 

Balsax  of  Canada,  239 
Barbaloin,  808 
Baric  acetate,  826 

angelate,  960 

caprate  (rotate),  838 

caproate,  834 

cobaltieyanide,  112 

dimethaerylate,  960 

dimethethaoetate,  834 

dimethoxalate,  895 

heptylate,  835 

isocaproate,  834 

iaoraJerate,  831 

methethacetate,  832 

nitropmsside,  iii 

nonylate,  836 

octylate,  835 

oleate,  964 

pelargonate,  S36 

propionate,  828 

pyromeconate,  909 

trimethacetate,  033 

valerate,  831 
Barley  sngar,  597 
Barras  (gniipot),  226 
Bay,  oil  of,  241 
Beer,  433 
Benylene,  222 
Benzaldehyde,  755 

„  dichloro-,  760 

„  haloid  derivatiyes  of,  759 

,,  homolognes  of,  765 


Benzaldehyde,  metanitro-,  760 

„  nitro-derivatives  of,  760 

„  orthocbloro-,  760 

orthomethoxy-,  761 
orthoxy-  (salicylol),  760 
paracblorO',  760 
thio-,  759 
trichloro-,  760 

Benzene,  258,  1003 

„  action  of  re-agents  on,  1004 

M  »Uyi-,  34a 

„  amyl-,  295 

,,  amyldimethyl-,  296 

,,  amylmethyl-,  290 

„  benzyl,  (diphenylmethane),  360 

,,  bromiodo-,  311 

„  bromo-,  300 

,,  bromonitramido-,  333 

„  bromotrimethyl-,  321 

„  /5-batyl.,  288 

„  chloriodo-,  311 

„  chloro-,  30  5»  1004 

,,  chlorobromo-,  31  t 

„  chloromethyl-,  3 1 3 

„  chloromethylchloro-,  314 

„  chlorometbydichloro-,  315 

„  chloromethylpentachlony-,  317 

,,  chloromethyltetrachloro-,  316 

„  constitation  of,  261,   270,  338, 

817,  noie 

„  cyano-,  327 

„  deriratives,  constitution  of,  264 

„  diacetenyl-,  385 

„  dibenzyl-,  385 

„  dibrofixo-,  300 

„  dichloro-,  307 

„  dichloromethyl-,  314 

„  dichloromethylchloro-,  315 

,,  dichloromethyldichloro-,  316 

,,  dichbromethylpentachloro-,  317 

„  dichloromethyltetrachloro-,  317 

,,  dichloromethyltrichloro-,  316 

„  dichlorotetroxy-,  796 

„  diethyl ,  293 

„  diethylmetbyl-,  296 

„  diiodo-,  31? 

„  dimethyl-,  285 

„  dinitro-,  324 

„  ethyl-,  284 

„  ethylbromo-,  321 

„  et^yldimethyl-,  204 

,,  e'bylmethyl-,  280 

„  ethylnitro-,  326 

„  floor-,  310 

,,  haloid  derivatives  of,  298 

„  hexabromide,  300 

„  hexachloride,  305 

„  hexabrnmo-,  1004 

,,  hexachloro-,  309 

„  hexyl-,  296 

,,  homologaes  of,  2  76,  roo3 
,,  „        action  of  hydrogen  OD, 

28 1 
„  „        action  of  halogens  on^ 

281      ' 
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Beiuene,  homologues  of,  oxid*tion  of,  379 

,,  iodo-,  310,  1004 

„  iBoeyano-,  328 

„  iflopropyl-,  386,  1003 

,,  met&bFomiodo-,  311 

,,  metadichloro-,  308 

„  metadibromo-,  301 

,,  metadioyano-,  349 

„  metadiiodo-,  311 

,,  metadimethylbromo-,  341 

„  metadimeihyldibromo-,  321 

„  metadiuxy-,  511 

„  metanitrooyano-,  338 

„  metatribromo-,  306 

„  methyl-,  183  (m0  Tolaene) 

„  methylcbloro-,  313 

,,  methyldichloro-,  314 

,,  methyldipropyK  297 

I  „  methylpentaehloro-,  316 

„  meihyltetrachloro-,  316 

,,  methyltrichloro-y  315 

nitro-,  323  .      . 

„  „     dihaloid    deziTBliTes     of, 

„  ,,    moDohaloid  derlTatiTes  of, 

330 

,,  ,,    trmaloid    derivativea   of, 

33« 

,,  oitrodieblonunido-,  333 

„  nitioparadimethyl-,  325 

„  orthocbloriodo-  ,311 

„  ozihodlbromo-,  301 

„  orthodiebloro-,  308 

„  orthodietbyl-,  293 

„  orthodiiodo-,  311 

„  orihodinitro-,  324 

„  orthodiozy-,  524 

„  orihotaribromo-,  304 

„  oxydimethyl-  (xenol),  492 

oxyeihyl-,  493 

,,  parabromiodo-,  311 

„  paraohloriodo-,  3 1 1 

„  pataohlorobromo-,  311 

,,  paradibromo-,  300 

„  paradichloro-,  307 

„  pandieyano-,  319 

„  paradietbyl-,  293 

,,  paradinitro-,  324 

„  paradimethoxy-,  533 

„  paradimeihyllnomo-^  321 

„  paradioxy-,  525 

„  paradipbenyl-,  385 

, ,  parapropy  Imethyl- ,  289 

„  paratribromo-,  303 

„  paratrichloro-,  309 

„  pentabromo-,  305 

,,  peotachloro-,  309 

,,  properties  of,  259 

„  propyl-,  286 

„  propyldimethyl-,  296 

„  propyliaopropyl-,  1003 

„  propylmetbyl-,  289 

„  symbol,  Kekul6'B,  338 

,,  table  of  homologues  of|  278 

„  tetrabromo^  305 


Benxene,  tetnchloro-,  309 
„        tetrachlorodioxy-,  796 
„        tetramethyl-,  294 
„        tribromo^  302 
„        trichloro-,  309 
„        trichlorometbyl-,  315 
„         trichloromethylchloro-,  316 
„        trichlorometbyldichloro-t  316 
„        trichlorometbyltetiacUoro-,  317 
„        tricblorometfayltrichloro-,  317 
„        triethyl-,  296 
,,        triiodo-.  311 
„        trimethyl-,  289 
,,        trinitro-,  X004 
„        triphenyl-«  390 
Benzhydrol,  503,  786 
Beoril  (dibensoyl),  787 
Bttnzimide,  758 
Beozobelicio,  695,  699 
Benzoin  (benzoylpheoylcarhinol),  787 
Benxonitrile,  327 
Beniopinacone,  786 
Benzoyl  hydride,  755 
Benzoylphenylcarbinol  (benzoin),  787 
Bensylbenzene,  or  diphenylmethftoe^   360 
Benzylethylbenzene,  363 
Benzylic  or  benzoic  alcohol,  490 
„      bromide,  419 
„      chloride,  313 
„      oxalate,  923 
„      selenide,  713 
„       snlphide,  712 
„       Bulphydrate,  662 
,,      telloride,  714 
Benzylmetaxylene,  363 
Benzylnaphthalene,  383 
Benzylparaxylene,  363 
BenzylpheDyl,  503 
Benzyltoloene,  ortho-,  361 
„  para-,  362 

,,  tetranitro-,  363 

Bergamot,  oil  o^  240 
Betaorcin,  533 

Benzoic  chloride,  action  o(  86 
Bitter  almond  oil,  755 
BitameD,  146 
Bunds,  44 
Bone  oil,  258 

Bones,  destraotive  distillation  o(  2^8 
Bomenee,  240 
Borneo  camphene,  233 
Borneo  camphor  or  boneol,  791 
Bomeol,  791 
Bomesite,  562 
Brandy,  432 
British  gam,  633 
Bromaoetic  bromides,  860 
Bromal,  747 
Bromalide,  894 
BromallyUo  acetate,  206 
„  nitrate,  206 

„  thiocyanate,  206 

Bromfaydranil,  526 
Bromhydrins,  54,  463 
Bromine  acetate,  850 
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Bromine,  determinatioii  of,  in  carbon  eom 

pounds,  38 
Bromobutylene  bromide,  162 
Bromoform,  153 
Bromopicrin,  or  tribromoDitroniethane,  1 70  « , 
Bromoxaform  (pentabroinaoetone),  783 
Bryonin,  690 
Bryoretin,  690 
BvBsen't  method  for  oombuationB,  18 

Bataldehyde,  747 

Bntane,  haloid  derivativeB  of»  161 

,,     dibromo-,  161 

„      ifio-,  138 

„      mouiodo*,  161 

„      monobromo-,  161 

,,     monochloro-,  161 

„     normal,  138 

„      tetrabromo-,  i6a,  419 

„     tribromo-,  i6a 
Butanes,  138 
Butene,  191 
Butylcarbinol,  445 

„  secondary,  445 

BntyldimethylcMTbinol,  tertiary,  455 
Batylene,  or  tefcfylene,  191 

„        dichloro-,  754 

„       normal,  191 

a-pheuyl-,  342 

^phenyl-r  343 

Batylenic  bromides,  161 

Butylethylene,  195*  19^ 

Batylic  aldehyde,  747 

„      bromides,  161 

„      chlorides,  161 

„      hydride,  138 

,,      iodides,  161 
Butylmethyl,  139 
Bntylmethylcarbinol,  primary,  45a 

„  seoondary,  453 

Bntyiio  aldehyde,  747 

„        ehloro-,  754 

„      peroxide,  856 

C/LI801OBVIH,  690 
Cainein,  690 
Cajeputol,  467 
Calamus,  oil  of,  197 
Calcic  acetate,  816 

„    adipate,  93a 

,,    angelate,  960 

„     butyrate,  829 

„     caproate,  833 

„    carbamate,  879 

„  ^dihydroxyaoetate,  or  glyoxalate,  901 

„  dimethaeiylate,  960 

„  glyeolate,  or  hydnatywetate,  883 

„  glyexylate,  901 

„  heptylate.  835  ^   , 

„  hydracrykte,   or    a-hydroxypropio- 

nate,  887 

„  isobutyrate,  830 

„  iaocaproate,  834 

„  lactate,  889 

„  malate,  940 


Calcic  octylate,  835 
„    pimelate,  933 
n     propionate,  818 
„     succinate,  937 
„     tartrate,  945 
„    trimethacetate,  833 
,,    Tslerate,  831 
„    xeronate,  974 
Calculation  of  analyses,  35 
Camphenes,  333 

,»  Austra-,  Q35 

„  Borneo-,  233 

,,  tore-,  233 

Campholene,  977 
Camphor,  790,  10  lo 
,,        Borneo,  791 
„        constitution  of,  793 
„        from  eamphene,  337 
,  „    feverfew  oil,  790 

„        laurel,  790 
„        monobromo-,  793 
„         monochloro^  793 

oil,  340 
„        sodium-,  790 
Camphoric  peroxide;  337 
Canada  balsam,  339 

Cannel  coal,  destaructiTe  distillation  oC,  354 
Cane  sugar  (saccharon),  593,  1008 
Caoutchin,  344 
Caoutchouc,  343 
Caprylidene,  331 
Caramel,  598 
Caraway,  oil  of,  341 
Carbamine%  properties  of^  174 

„  tobleof,  173 

Carbinols^  405 

,,        diagnosis  of,  1004 
,,        tertiary,  1004 
Oarbo-aeids,  56 
Oarbohydrates,  567 

„  constitution  of,  654 

,,  nomenclature  of,  659. 

„  reducing  power  of,5^,  1007 

„  specific  rotatory  power  of, 

569 
„  synthesis  0^  f  008 

OarboB  dichloride,  301 
Oarbonates,  876 
Carbonic  tetrabromide,  154 
„     tetrachloride,  153 
„     tetriodide,  154 
Garbonyl-dibiure^  133 
Carbothialdioe,  739 
Carboxylic  adds,  50 

Oarburetted    hydrogen,    light    (methane), 
»33 
„  „  heavy    (ethylene), 

183 
Carius's  method  for  determining  chlorine, 

bromine,  and  iodine,  38 
Carmine-red,  690 
Carpene,  334 
Carraorol,  494 
Carvene,  341 
Carvol,  341 


Digitized  by  VjOOQ IC 


CAS 


1024 


COR 


Cassia,  oil  of,  241 
Catechol,  or  pyrocatechiD,  $74 
,,       dimethyl,  682 
„       methyl-,  533 
„ .     monetbyliD-,  6,83 
Cedriret,  or  coemlignobe,  800,  loio 
Cellulose,  645 

„       estimation  of,  646 
„       hydro-,  650 
„       nitro-,  649 

,,      soluble  in  ammoniacal  oxide  of 
copper,  647 
Gerotene,  199 
Getene,  or  oetylene,  199 
Cetenylene,  221 
Cetine,  222 
Oetylene,  or  oetene,  199 

,,        dibromide,  222 
Cetjiic  bromide,  163 
,,       chloride,  163 
„      iodide,  163 
Change  of  valency,  47 
Cbapean  (of  must),  433 
Chemical  types,  67 
Chemistry,  inorganic,  i 
„  organic,  1,  49 

,,         physiological,  2 
Chinese  yellow,  700 
Chinizarin,  804 

„  cnnstitntion  of,  376 

Chloracetic  chlorides,  859 
Chloiaoetin,  676 
Chloral,  743 

,,      alcoholate,  683 
„      ammonia,  745 
„       hydrate,  513,  744 
„       meta-,  743 
Chloralide,  744 

„        and  analogous  compounds,  893 
„        glycolic,  894 
,,        lactic,  894 
Chloranil,  or  tetrachlorqninone,  795 
Chlorethy lie  acetate,  736 
Chlorhydrinimide,  542 
Chlorhydrins,  54,  463 
Chlorine  acetate,  849 

„       iodine  and  bromine,   determina- 
tion of,  in  carbon  compounds,  28 
Chlorhydranil,  526 
Chloroform,  151 
Chloropicrin,  170 

Chloropropylenic  oxide  (epichlorhydrin),  542 
Cholesterin,  496,  1006 
Chrysazin,  805,  1006,  101  r 

oxy.,  807 
Cbrysene,  386 

„         dibromo-,  387 
„         dichloro-,  387 
„        dinitro-,  387 
,,         mononitro-,  387 
,,         series  of  hydrocarbons^  386 
„        tetranitro-,  387 
Cbrysenehydroquinoneorchrysoquinol,  537, 

812 
Chrysoquinone,  387,  812 


Chrysorhamnia,  700 
Cider,  433 
Cinnamene,  340 

„  bromo-,  341 

»         „  ehluro.,  341 

,,  dibromide,  341 

„  meta-,  342 

nitro-,  342 
„  series  of  hydrocarbons,    340, 

X004 
Cinnamon,  oil  of,  241 
Cinnamol  (cinnamene),  340 
Cinnamie  chloride,  342 
„         cyanide,  342 
iodide,  342 
Citronellol,  467 

Classification  of  cuhon  eompomidfl^  ^g 
CloTcs,  oil  of,  297 

Coal,  destructive  distillation  of,  'S47 
„     cannel-,  destmctive  distiUatioii  of,  954 
„     -gas,  manufSutore  0^248 
„     -naphtha,  247,  252 
„     -tar,  247 
,,        compounds  present  in,  35  r,  1003 
„        distillation  of,  252 
Cobalticyanides,  iii 
Cobaltocyanides,  11 1 
Cocdnin,  691 
Cochineal,  690 

Cceruliguone,  or  cedriret,  800 
Coke,  gas-,  247 
CoUidine,  738 
Collodion,  647 
Colocynthein,  691 
Colocynthin,  691 
Colocynthitin,  691 
Colophene,  229,  232 
Colophony,  «39 
Combination,  dii^ect,  43 

„         often  donUe  deoomixwitioD,  42 
Combustion,  Bunsen^s  method,  18 
,,  Dumas's  method,  19 

„         furnace,  13 
„         tube,  15 
„  „     filling,  17 

„         with  plumbic  chromate,  20 
Common  frankincense,  226 
Compound  radicles,  theory  of,  64 
Compounds,  organo-metallic,  63 
„  saturated,  50 

„  unsaturated,  50 

Concretor,  Fryer's,  594 
Coniferin,  691 
Constitution  of  anthracene,  374,  1004 

„  of  anthraquLnone^   374,   809, 

lOII 

„  of  naphthalene,  346 

,,  of  phenol  derivatives,  485 

Convallarin,  692 

Convallamaretin,  692 

Convallamarin,  692 

Convolvulin,  692 

Convolvulinol,  692 

Coriander,  oil  of,  241 

Cork,  645 
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Goomarin,  761 
Creasote,  955 
OreoBol,  6S4 
Oiesol,  491 

„      Ditro-,  491 
Crooetin,  693 
Grocin,  693 
Grotonaldebyde;  754 
Crotonylene,  7iS 
Grjstallisatioo,  fraettonAl,  6 
Gubebe,  oil  of,  197 

Gamene,  fromcomicacid  (iaopropylbenaeoe), 
286 
„      paendo-  (from  ooal  tar),  18S 
Gumin,  oil  of,  341 
Guminol  (cnmic  aldehyd),  766,  1003 
Gupric  ttcetates,  837 

„      cyanide,  go 

„      formate,  833 

„      glyoolate  or  faydroxyaceUie,  883 
Guprosoaoetylie  chloride,  314 

„  oxide,  314 

Gaproflocapric  cyanide,  99 
Gaproao^yinylic  etber,  314 
GuprooB  aoetylide,  3 14 

„        <?yanide,  99 

„        sulphocyanate,  119 
Guticnlar  subatanoe,  645 
Gyamelide,  117,  133 
Cyanethine,  174 
Cyanic  bromide,  116 
,,      chloride,  115 
„      iodide,  116 

„      snlphide,  130 
Cyanides,  96 

,,        detection  o(  94 

,,        double,  98 
Cyanmethine,  174 
Cyano-derivatiTeB  of  beniene,  337 
„  „         the     bomologaes    of 

benzene,  339 
„  „  the  hydrocarbons,  53 

Cyanoform,  175,  100 1 
Cyanogen  acetate,  850 

,,        bromides,  116 

„        chlorid^  115 

„        conTersion  of  into  ammonic  oztf- 
late,  89 

,,        formation  of,  88 

,,        iodide,  116 

,,        liquefaction  of,  89 

,,         preparation  of,  80 

, ,        solu  bil  i  ty  in  water,  88 

,,        sulphide,  I30 
Cyanuric  bromide,  it6 

„        chloride,  116 
Cyapfaenine,  328 
Gyclamio,  693 
Cydamiretiu,  693 
C^meoe,  389,  1003 

,,        dibydrides,  391 

,,       moDonitro-,  336 
Cymoquinone,  7^ 

dioxy-,  799 
oxy,  799 


Bakbohite,  563 

Dambose,  561 

Daphnetin,  693 
I  Daphnio,  693 
^  Datisoetin,  693 

BatisciD,  693 

Dead  oil  (from  tar),  353 

Becane,  dibromo-,  198 
„      normal,  141 

Decanes,  141 

Becenylene,  aai 

Bei^lene  or  decene,  197 

Behydrating  agents,  action  of,  83 

Behydrotriacetonamine,  780 

Beoxybenzoin,  787 

Desiccation  of  organic  compounds,  11 

BestrioiCtiTe  distillation  of  bones,  258 

cancel       ooal, 

coal,  347 
lignite,  354 
menhaden    oil- 
soap,  357 
peat,  357 
wood,  354 
BeterminatioD  of  carbon  and  hydrogeo,  13, 

31 

nitrogen,  32 

„        „  solphar,  phosphoms  and 

arsenic^  36 

,,.        „         haloids,  38 

„        „  raponr  densities,  36 

Bextrin  or  amylin,  637 
Bextroglucose,  or  dextrose,  577 
„  in  the  blood,  643 

Bextrose  (grape  sugar),  577,  601 

„       acetates,  580 

,,       chloracetins  of,  580 

,,       from  diabetic  urine,  583 

„  „     various  sources,  583 

„       reducing  power  of,  581 
Biabetic  sugar,  583 
Biacetonalkamine,  780 
Biaoetonamine,  780 
Biacetenylbenzene,  385 
Biallyl,  330,  1003 
„       dibromo-,  375 
„        tetrabromide,  330 
Biallylmethylcarbinol,  468,  1005 
Biamidohydrin,  543 
Biamyl,  141 
Biamylene,  197,  loii 

„         bromide,  198 
Diarbutin,  689 
Biazgentio  eyanurate,  133 
Biatomic  molecule,  44 

„       radicle,  44 
Bibenzoyl  (benzil),  787 
Bibenzoylbensene  ortho-,  386 
para-,  385 
Bibenzyl,  361 

,,         dibromo-,  361 

„        dnitro-,  362 

,,        monobromo-,  361 

„        trinitro-,  361 


3u 
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I>ibeDKjlbeDz«ne  para-,  385 
„  ortho-,  385 

DibensjlmeihaDe,  363 

Dibromethaldehydrol,  514 

Dibromhydrin,  543 

Dibromobensenei,  304 

Dibntyl,  14] 

Dicbloraoetone  cbloride,  159 

DiehlorfajdriD,  541 

Dichloreihaldelhydrol,  514 

Dichlorugljcid,  Bebonl's,  M5 

Dioinaameoe,  369 

Diethyl,  138 

Diethylbenzenes,  ^3 

DiethylcarbiDol,  450 

Diethylenis  dioxide,  678 

Diethylic  lactate,  889 

Diethjimetbylbensene,  996 

DiferroQs  dipotasric  ferricyanide,  107,  1000 

DiformylethyleDediamide,  746 

Digitaltn,  693 

Di^talireUo,  694 

Dihydroanthraoene,  367 

Dlbydroxyetbylenamine,  677 

Diioidhydrin,  543 

Diisoamyl,  141 

Diiflobntol,  835 

Diiaobntyl,  141 

DiiaobDtylene,  835,  noU 

Diiflopropyloarbinol,  455 

Dill,  oil  of,  341 

Dimethacrylates,  960 

Dimethyl  (ethane),  137 

Dimethylaoetylene,  119 

Dimethylanthraqninone,  807 

Dimethylallene,  220 

DtmethylamidobeDzoie,  diloride,  786 

DimethylbeDiene  (xylene),  285 

Dimethylbeniophenene,  363 

DimetbylbntylmethaDe,  140 

Dimetbylearbinol,  435 

Dimetbyldiethylmethane,  140 

Dimethylethylene  (bntylene),  194 

Dimethyletbylethylene  (hexylene),  196 

DimethyliBobntyloarbinol,  455 

Dimethyliaopropylethylene,  197 

Dimethylmetatrioxybeniene,  554 

Dimetbyltolane,  389 

Dimesitylmetbane,  363 

Dinaphtbalene,  enneachloith,  352 

Dinapbthola,  537 

Dinapbthyl,  388,  1004 
„  dibromo-,  388 

„  hexabromo-,  388 

i«).,388 
„  „     beptabrom-,  389 

„  „    tetrachlor-,  389 

„  series  of  hydrocarbons,  388 

„  tetranitro-,  388 

Dinapbthy]ethane,  389 
Diuapbthylethylene,  389,  1004 
Dintphtbylmethane,  389 

„  dibiromo-,  389 

„  tetranitre>,  389 

Dinaphthyltriehlorethane^  389 


Dioxyretistene,  381,  811 
Dip  (turpentine),  935 
„   Tirgin,  726 
Dipbenols,  534 
Diphenyl,  355 

„        hexoxy-,  561 

„        homolognes  of,  358 

„        methyl-,  369,  note 

„        series,  355,  1004 

„        snbetitntion  derirativw  of^  556 
Diphenylacetylene  (tolane),  381 
Diphenylbenstne,  iso-,  385 

para^,  385 
DipheDjlc&rbinolf  50,1,  786 
DipheoytcliK^TOinethBJiei!,  361 
Di|ih«njldit<'etjJ«ne»  345,  385 
DipbiiDjldicfa Jo rofn ethane,  361 
Difihi?nyldiiuet1iy1eibacie,  363 
DipbeiiyldjUjlyltnetbaae,  386 
B  ip  f  ^c ti  y If D  K^arbi  ncl,  5  03 
DiphtnyleTicmethane^  or  flooxene,  565 
Dipheajlen&^Dlphoiie,  712 
Diphetiylenic  dteiilpbiile,  711 
„  oxide,  679 

„  sulphide,  711 

Diphenylethane,  or  dibenxyl,  361,  743 
jS-Diphenyletbane,  361 

„  haloid    deriTatives   of, 

363 
a-Diphenylethylene,  or  stUbene,  3|56 
^-Dipbenylethylene,  or  isoatilbene,  567 
Diphenylethylene,   haloid   deriTaiiTea  oi, 

367 
Diphenylmethane,  360 

„  nitro-deriTatiTes  o^  360 

Dippel*s  oil,  158,  1003 
Dipropargyl,  275 

„  octobromide,  376 

„  tetrabromide,  375 

Dipropyl,  139 
Dipropylcarfainol,  455 
Direct  combination,  43 
Disaeiyl,  753 

„        resin,  753 
Discrimination  of  the  gaaea,  geoeal  re- 
marks on,  39 
Distillation,  fractional,  7,  rooo 

„  in  a  enrrent  of  tieam,  10 

Distilled  waters,  339 
Dis^rrolene,  369 
Diterebene,  339,  333 
a-Ditolyl,  361 
Ditolyl,  ortho-,  361 
Ditolylacetylene,  383 
a-Ditolyleihane,  363 
jS-Ditolylethane,  ^63 
Ditolylketone,  369 
Ditolylmethane,  363 

„  dibromo-,  363 

„  dichloro-,  363 

„  dinitro-,363 

iMxjiyi,  363 

Dodecane,  norma],  141 

Double  cyanides,  98 

Drying  substances  for  aaalyns,  1 1 
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Duleamaretio,  694 

Dalcamarin,  694 

Dalcitane,  683 

Daldte,  or  dnloitol,  558,  888 

Dumas'  method  for  oombiutioiiB,  19 

,,  „         detemdniDg  nitrogen,  «5 

Dnmaein,  788 
Doplothioaoelone,  664,  779 
Darene  (tetnunetiiylbensene),  394,  1003 
Dyads,  43,  44 

i>y«iyte,  971 

Ebonits,  or  vnlcanite,  144 
Blaidin,  964 
Elayl  (ethylene),  183 
ElsBOptene,  233,  note 
Bmudin,  808 
BmpirioKl  formnls,  35 
Bndeoenylene,  lai 
Bndeeylene,  199 
Bnglish  turpentine  oQ,  134 
Epibromhydiin,  543 
Bpichlorhydrin,  54a 
Epliodhydrin,  543 
^■emaeansis,  7« 
Bridnol,  694,  699 
Brioocin,  694 
Brythrin,  538 
Biythrol,  or  erythrite,  553 

„       dibromhydrio  of,  554 
„      dichlorhydrin  of,  553 
Brythromannite  (erythrol),  553 
Brytbrozym,  9o2 
Bssential  oil  of  sjowan,  441 

„  aoiaeed,  741 

„  bay,  241 

„  beigamot,  140 

„  bitter  almonds,  493 

„  calamus,  197 

„  eamphor,  240 

„  caraway,  741 

„  esssia,  241 

„  cinnamon,  141 

„  doves,  297 

„  coriander,  241 

„  enbebs,  197 

„  cumin,  341 

„  diU,  341 

„  eucalyptus,  142 

„  fennel,  241 

„  galbanum,  141 

„  garden  cress,  433 

„  juniper,  239 

„  lavender,  242 

„  lemona,  240 

„  msoe,  240 

„  mustard,  223 

„  neroli,  240 

„  nutmeg.  24o 

„  orange  peel,  240 

„  patchouli,  297 

„  peppermint,  242 

„  petit  grain,  240 

„  rosemary,  242 

„  rosewood,  297 


Bssential  oil  of  saasafrss,  241 
„  ssTine,  239 

„  spearmint,  242 

,f  spoon  wort,  223 

„  thyme,  242 

„  watercress,  223 

Essential  oils,  222 
Bthal,  457 
Ethaldehyde  (aldehyde),  727 

„  action  of  acid  amides  on,  740 

„         amines  on,  737 
„  n  ammonia  on,  737 

„  „         halogens  on,  733 

„  „  on     hydrocarbons, 

.         741      . 
„  -ammonia,  737 

ehlor-,  742 
, ,  compounds  with  acid  solphttes, 

734 

„  eondensatioB  of,  732 

„  dibrom-,  747 

„  dichlor-,  743 

„  haloid  derivatives  of,  742 

„  higher  homologuee  of,  747 

„  met-,  731 

pw-,  731 
parathio-,  742 

„  polymerisation  of,  731 

„  preparation  of,  729 

„  renn,  731 

„  tribrom-  (bromal),  747 

„  triehlor-  (chloral),  743 

Bthaldehydrol  ehloraoetin,  736 

„  diaeetin,  736 

Ethane,  137 

„  a-cUbrom-,  156,  201 

„  /3-dibrom-,  156,  201 

„  dibromotrichlor-,  744 

„  ordiohlor-,  155,  200 

„  /J-dichlor-,  155,  200 

„  a-dichlorooyan-,  176 

„  dicyan-,  175 

„  oKliiod-,  158,  213 

„  ^iiod-,  158,  213 

„  dinaphthyl-,  389 

„  j8  diphenyl-,  362 

„  ditolyl-,  368 

„  ethyl-/S-dipheny1-,  363 

„  haloid  derivatives  of,  155,  100 1 

„  hexabrom-,  202 

„  hexachlor-,  156 

,,  iodobrom-,  157 

„  iodochlor-,  157 

„  isocyan-,  172 

,,  methyl-/3-diphenyl-,  ^S^ 

„  moniod-,  157 

„  monobrom-,  156 

,,  monochlcr-,  155 

„  nilro-,  165 

,,  pentabrom-,  202 

„  pentachlor-,  156 

„  table  of  chlorinated  dorivstives  of, 

,,      tetrabrom-,  202 
,,      tetrachlor-,  156 
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Ethane,  tetrapbenyl-|  390 
f,      tribrom-,  201 
„      trichlor*,  156 
„      trichloTodibromonitro-,  170 
-  „      trichlorotriDitro-,  170 
Ethene,  183  {su  Btbylene) 
EthenedicyiDoqainone,  800 
Ether,  diehlor-,  671,  733 
„      eth>l-aUjl,  673 
„      etbjl-benzjl,  675 
„      ethjlic,  668 

„      chlorinated  derivatifca  of,  671 
„      glyceric,  679 
„      gljeidic,  685 
„      methyl-benzyl,  675 
„      methyl-phenyl,  674 
,,      methylic,  667 
,,      monochlor-,  671 
„      pentacblor-,  673 
„      pereblorinated,  673 
„      phenylic,  674 
,,      salphnric,  668 
„      tetrachlor-,  672 
„      thioethylic,  706 
„      tricblor-,  673 
,,      vinyl-ethyl,  1009 
£theraIoohol8,68a 

,        „       from  glycerol,  685 
,,        „        from  pyrogallol,  685,  1009 
Elhereol  salts,  50 

,,         „     or  adds  of  the  active  aeries, 
841, 1012 
Etherifioation,  theory  of,  841 
Ethers,  55,  663 
„      benayl,  675 
„      double,  or  mixed,  664,  679 
,,      mixed,  664,  679 
„      preparation  of,  663 
,,      simple^  664 
„      thio-,  704 
Ethine,  309 
Sthionic  acid,  189 

,,       anbydridot  189 
Rthylacetjlene,  219 
Bthylbensene,  384 
Ethylbromobenxene,  331 
Rthylcarbnminio,  173 
Bthylcarbiool,  434 
Ethyldimethylbenzene,  394 
Bthyldimethyicarbinol,  194,  450 
Bthyl-/9-diphenyIetbane,  363 
Bihylene  (elayl,  defiant  gas),  183 
chlorobromo-,  202 
compounds  of,  with  ohlorides,  1 89 
dibrom-,  aoi,  213 
dicblor-,  201,  iii 
diethyl  ether,  680 
diiod-,  303 
dinaphthyl-,  389 
dinitrosodibrom-,  177 
a-diphenyl-  (stilbcne),  2^ 
j^-diphenyl-  (isostilbene),  367 
ethylphenyl-,  342 
haloid  derivatives  of,  rooi 
metbjlphenyl-,  343 


Ethylene,  moniod-,  201,  313 

„  roonobrom*,  101 

„  monochlor-,  300 

„  phenptbyl-,  343 

„  phenyl-  (cinnamene),  340 

„  polymerisation  oC  190 

,,  preparation  of«  186 

„  tetrabrom-,  202 

„  tetrachlor-,  201 

„  tetraphenyl-,  391 

„  tribrom-,  202 

„  triohlor-,  201 
Ethylenic  bromide^  156 

„  chloride,  155 

„  ethylidenic  dioxide,  678 

„  iodide,  158 

„  oxide.  676 

„  snlphide,  712 
Ethylethylene  (bntylene),  191 
Bthylic  acetate,  848 

„  aoetoaoetate,  909 

„  „          action  of  alkalis  on, 

913 

„  „                „        nitroosadd- 

„  „          metallic     derivatives 

oC  9" 

„  aoetocapracetate^  911 

„  acetolactate,  889 

„  aoetonitrosoaoetate,  915 

„  aoetosodaoetate,9ii 

„  aoetoxysnccinato,  940 

„  acryUte,  957 

, ,  amidoformate  (orethaDe),  8  79 

„  bromide,  156 

„  oamphoronate,  978 

„  carbonate  (arethane),  879 

, ,  „        thio4erivatives^  of,  88 1 

„  carbonate,  877 

„  carbuvate,  928 

„  chloride,  155 

,,  chlorocarbonate,  878 

,,  chloroformate,  or  ddorocarbooate, 

878 

„  cyanide,  171 

„  cyanooarbonate,  878 

„  cyanoformate,  or  cyanoearbonaie, 

878 

„  dehydromncate,  998 

„  deaoxalate,  953 

,,  diacetosQCcinate,  928 

„  diaoetoxysaocinate,  945 

,,  diethacetate,  907 

,,  diethacetonecarbonate^  907 

„  disalphide,  708 

„  ethaoetate,  907 

,,  ethacetonecarbonate,  907 

, ,  ethoxyacetoethoxyaoetaie,  917 

„  ethoxypropionate^  889 

„  formate,  847 

, ,  „       action  of  sodinm  00, 915 

„  fomarate,  969 

„  glycolate,  or  hydroxyaceUte,  88  •; 

„  glyoxylate,    or  dihydroxyaeeUte, 

902- 
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Bthylic  hydride,  137 

,,      iodide,  157 

,,       isosacoinate,  930 

„      iso valerate,  actaon  of  sodiam  on, 
916 

»,      lactate,  889 

,,       malate,  940 

,,       maleate,  969 

,,      malonate,  1014 

„      maoate,  951 

„       macobromate,  995 

„       /3-nitroflopropionate,  915 

„      orthofofiDate,  823  viote 

„       oxalate,  923 

„      oxide,  or  ether,  668 

„      propioDate,  action  of  Bodiam  011,91 5 

„       propiopropionate,  915 

„      saccharate,  95 1 

„       eelenide,  713 

„      snccinate,  927 

„  „         action  of  alkali  metals 

on,  928 

„       Buceinopropionate,  929 

,,      snccinoeuccinate,  929 

,,       sniphide,  706 

„      snlphydrate  (meroaptan),  661 

„       tartrate,  945 

„       tellnride,  714 

,,       tetrasniphide,  708 

,,      trichlorolactate,  744 
Ethylidene  diethyl  ether  (aoetol),  680 
„         dimethyl  ether,  680 
„        methyl  ethyl  ether,  680 
Ethylidenedibenzamide,  740 
Etbylidenenrea,  741 
Ethylidenic  bromide,  156 
„  chloride,  155 

„  cyanide,  175 

„  iodide,  158 

Ethylisoamyl,  140 
Ethylisobntyt  140 
Btbylmethylbenzene,  286 
Ethylmethylcarbinol,  439 
Ethyl methylethylene,  450 
Ethylnaphthalene,  355 
Ethylphenol,  493 
Ethylphenyl,  284 
Ethylphenylaoetylene,  369 
Ethyl phenyletbylene,  342 
Ethylrinyl  bromide (a-dibromotetrane),  i6x 
Encalin,  or  encalyptoee,  590 
Eucalypton  (melitose),  615 
Eagenol,  241,  684 
Eolyte,  971 
Enpion,  139 
Everitt'B  white  salt,  93,  107 

Fkcula  (starch),  616 

Fennel,  oil  of,  241 

Ferrous  dipotassic  ferricyanide,  107 

,,  ,,         ferrocyanide,  107 

Ferric  cyanide,  loa 

„     formaoetonitrate,  824 

„     formonitrate,  824 

,,     snccinate,  927 


FerricyanideB,  102 

„  table  of,  106 

Ferrocyanldes,  loa 

'  ,,  table  of,  104 

Filling  combustion  tube,  17 
Fixed  oils,  222 
Fbvopnrpnrin,  806 

„  diacetyl-,  807 

„  triaoetyl-,  807 

„  tribromo-,  807 

Floayil,  246 
Fluorene,  365 

„        bromo-,  dibromide  of,  365 
Formal  (methylal),  680 
Formates,  823 
Formethylamide,  746 
Formionitrile  hydrochloride,  94 
Formonetin,  698 
Formulae,  empirical,  35 
„        graphic,  44 
,,        molecular,  36 
Fractional  crystallization,  6 

„         distillation,  7,  1000 

,,         precipitation,  6 

„         saturation,  7 

„        solution,  6 
Frangulln,  694 
Frankincense,  common,  226 
Fraxetin,  695 
Fraxin  or  paviin,  694 
Foeusaldehyde  (facusol),  767 
Fucosamide,  767 
Fucuslne,  767 
Focnsol,  767 
Fulminates,  123 

„  constitution  of,  176 

Fumaric  chloride,  968 
Fnrfuraldehyde  (furfurol),  766,  loio 
Furfnramide,  767 
Fuif urine,  767 

Furfurol  or  furfnraldehyde,  766 
Furfuryl  compounds,  oonatitutiaa  of*  996 
Furnace,  combustion,  13 
Fusel  oil,  445 

Galaotosx,  .585 

Gaibanum,  oil  of,  242 

GhUipot  (white  resin),  226 

Gallotannin,  703 

Oas-coke,  247 

Gas  combustion  furnace,  13 

Gaseous  mixtures,  analysis  of,  32 

Geissler's  potash  bulbs,  16 

Gin,  432 

Gitbagin  (9aponin),  701 

Globularetin,  695 

Globnlarin,  695 

Glucose  (grape-Bugar),  577 

„      artificial,  590 

„      in  the  blood,  643 

,,      optical  properties  of,  578 
Gluoosides,  686,  1009 
Glycerin  {see  Glycerol), 
Glycerol,  or  glycerin,  537,  1007 

„      amylic,  547 
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Qlyoerol,  dibromhydrins  of,  54a 

,f       dichlurhydrins  of,  54 1 

„       diethyl  in  of,  682,  685 

„      distillation  of,  538 

„       fermentation  of,  545 

„       iodbydrinB  of,  543 

„      monallylin  of,  685 

„      monochlorhydnn  of,  541 

,,      monethylin  of,  682,  685 

„      phoBpliate,  540 

„       preparation  of,  538 

,,      produced  by  fermentation,  538 

„      Bodiom.,  539 

„      sulphate,  540 

„      etblylin  of,  685 

„       trinitrate,  54O 
Glycidamine,  543 
Glycide,  682 
Glycine  (glyooooU),  866 
Glycines  or  amido-acids,  864,  et  teg. 

,,       properties  of,  865 
Glyoouine  (if^lyooooll)^  866 
Glycocoll  or  glycine,  866 
Glycogen,  641,  1009 
Glycol,  509,  1006 

,,      chloromethyl-,  541 

,,      chloro-a-propylenic,  54 1 

,,      diethylenio,  513 

,,      dimethyl-,  516 

„      dimetbyl-a-batylenic,  517 

„      dimethyldibntyl-,  517 

,,      dimethyldiiaopropyl-,  517 

„      dimetbyldipropyl-,  5x7 

„      elhyl-,  516 

*,      ethyliaopropyl-,  516 

„      iiopropyl-,  516 

„      methyl-,  515,  1006 

„      methyl-a-propylenic^  5x5 

„      monethylin,  683 

„      octylenic,  517 

„      a-propylenio,  5x4 

M      ^-propylenic,  515 

„      propylmethyl-,  517,  1Q06 

„      tetramethyl-  (pinaoone),  516 

, ,      tetraieopropyl-,  5 1 7 

„      tetraphenyl-,  786 

„      tetrapropyl-,  5x7 

„     tricthyleoic,  513 

„      trimethyl-,  516 

„      xylene-,  533 
Glycolamide,  883 
Glyoolic  bromhydrin,  511 

„      chloracetin,  513 

„       cblorfaydrin,  51  x 

,,      monaoetin,  510 
GlyooUde,  883 
Glycola,  504 

amylenio,  516 
aromatic,  519 
olasBification  of,  506  • 
methods  of  preparation,  505 
polyethylenic,  512 
properties  of,  507 
Glycynetiu,  605 
Glyoyrrhiiin,  095,  1009 


Glyoxal,  or  oxalic  aldehyde,  768 
Glyoxaline,  769 

„         tribromo-,  769 
Gold  («ee  Auroos) 
Giape  sugar  (glucose),  577 
Graphic  formuln,  44 
Gratioleretin,  695 
Gratioletin,  695 
Gratiolin,  695 
Gratiosoleretin,  695 
Gratiosoletin,  695 
Gratiosolin,  695 

Guaiacol  (methoxycatechol),  663 
Gum  arable,  6^2 

„   British,  623 

„   thus,  226 

„   tragacanth,  654 
Gums,  65  X 
GhiD  cotton^  649 
Gutta,  246 
Gutta  peroha,  245 

Haloorn  acids,  action  of,  on  carbon  eoa- 

pounds,  82 
Halogens,  action  of  on  earboa  comp 

78 
HaloYd  derivativee  of  acLda  of  the  1 

aeries,  9J4 

ft  >»  »«  "^  *** 

series  05; 
„  „        cgranopanfEiQS,  176 

„  „        ethane,  155 

,,  „        ethylene,  200 

„  „        hydrocarbons,  52 

„  „        methane,  151 

„  „        nitroparaffitts,  169 

„  „        paraflkis,  147 

,,  „         propane,   158 

i>  n        propylenes,  203 

„  „        tetmnea,  161 

„      ethers,  52 
„       phosphorus  compounds,  action  ^ 

on  carbon  compounds^  81 
„      salts,  58 
Helicin,  695, 1000 

„       benao-,  695,  699 
,,       monobrom-,  695 
,,      monuchlor-,  695 
„      tetracetyl-,  695 
*'      tetrabensoyl-,  695 
Helicoidin,  696 
Helleborein,  696 
Helleboresin,  696 
Helleboretin,  6q6 
Helleborin,  696 
Heptaldehyde  (cenaothol),  751 
Heptane,  haloid  derivatires  0^  163 
„        diohlor-,  163 
„        o-iao-,  X40 
„        monochlor-,  163 
„        normal,  X40^  1000 
Heptanes,  X40 
Heptene  (heptylene),  X96 
Heptylene  (oenaathylene),  196,  1001 
Heptyicarbiuol,  456 
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Heptjlio  chloride,  163 
HesperetiD,  696 
HeflperideDe,  2ao 
Hesperidin,  690 
Heterologous  series,  63 
Heveene,  344 
Hexabromhexylene,  300 
Hexadecane,  141 

„  haloid  deriTativcs  of,  163 

,,  moniod-,  163 

„  monobrom-y  163 

„  monochlor-,  163 

Hezads,  44 

HezahydroanthraoeDey  355 
Hexahydrometaxjlene,  791 
HexahTdropjrene,  367 
nezaldebjrde»  isoprimay,  751 

„  normal,  751 

Hezamethylenamine,  725 
Hezane,  dibrom-,  163 
dichlor-,  517 
hexaohlor-,  163 
o-iso-,  140 
^iao-,  140 
7-i8o-,  140 
8-iso-,  140 
moniod-,  163 
monoehlor-,  169 
normal,  139 
tetrabrom-,  320 
tetriod-,  230 
Hexane  glycines  or  leacines,  870 
Hoxanes,  139 

Hexdecaldebyde  (palmitic  aldehyde),  751 
Hexene  (hexylene),  195 
Hexoylene,  220,  1002 
Hexoxydiphenyl,  562 
jS-Hexylbeniene,  296 
iS-HexylcarbinoC  454 
Hexylene  (caproylene),  195,  looi 
„       hexabrom-,  300 
„       hexachlor-,  305 
Hexylenic  oxide,  670 
Hexylic  chloride,  162 

„       iodide,  163 
Hexylmethyloarbinol,  primary,  456 
Hofmann's  gas  fnmace,  13 

„        method   for  vapour   densiiies, 
36,  1000 
Homoeatechol  monomethylin,  684 
Bomuioxous  series,  50 
Homologues  of  benzene,  278 

„  „        bromo  -  deriTatives 

of,  322 
„  „        chloio  •  derivatives 

of,  318 
„  „        iodo   -  derivatives 

0^322 
Homopyrocatechin,  532 
Humus,  646 
Hydramides,  720 
HydranlsoYn,  764 
Hydranzotin,  88 1 
Hydrazulmiu,  89 
Hydric  argentic  fulminate,  124 


Hydrie  auricyanide,  102 

,,     cyanate,  116 

„      cyanide,  90  ' 

„      platinooyauide,  114 
Hydrobeozamide,  756 
Hydrobensoin,  535,  1006 

,1  i«J-»  535 

Hydrobryoretin,  690 

Hydrocarbons,  49,  50 

„         aoetenylbenzene  series^  343 
„  aoetyleue  series,  208 

„  anthracene  series,  ^70 

„  benzene  series,  246 

„  benzyluapthalene  series,  383 

»,  dnnamene  series,  340 

„  chrysene  series,  386 

,,  cyauo-derivatives  of  the,  52 

„  cUnaphthyl  series,  388 

„  diphenyl  series,  355 

.    „  general  review  of  Uie,  391, 

1004 
„  haloid  derivatives  of  the,  52 

„  idrialene  series,  300 

„  isologous  series  of,  51 

,,  naphthalene  series,  345 

,,  nitro-derivatives  of  the,  52 

,,  define  series,  177 

„  paraffin  series,  126 

„  pyrene  series,  383 

,,  stilbene  series,  364 

^  terpene  series,  222 

Hydrocellulose,  650 

Hydrochloric  acid  type,  69 

Hydroeinnamide,  768 

Hydroccerulignone,  562,  800 

Hydrocyanaldin,  738 

Hydrogen,  estimation  0^  in  carbon  com- 
pounds, 12 
„        nascent  action  of,  75 
„        substitution  for,  78 
type,  68 

Hydrogratiosoleretin,  695 

Hydrohexaglyoxal,  769 

Hydronaphthaquinone^  534 

Hydroparozybenzoin,  763 

Hydrophlorone,  533 

„  dichloro-,  526 

Hydropiperoin,  765 

Hydroquinone,  or  quinol,  525 

„  haloid  derivatives  of,  525 

,,  muuochloro-,525 

„  tetrabrom-,  526 

„  tetraohlor-,  526 

„  tribrom-,  526 

„  triehlor-,  526 

HydrovanilloXn,  765 

Hydrozethylenamine,  677 

Ipeialsvb,  390 

„         series  of  hydrocarbons,  390 

„  trinitro-,  390 

Idrialite,  390 
Idriaquinone,  390 
Imidocaprylonitrile,  871 
Imidocaprylimide,  871 
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Imides,  add,  59 

^ndia-rabber,  or  caoatelioaei  943 

,»  Yalcanizedy  344 

Indie  cyanide,  99 
Inoflol,  or  inoBite,  560 
Interoellnlar  snbstanoe,  645 
InuliD,  637 

, ,    action  of  adds  on,  640 
Inuloid,  641 
loTerted  sugar,  584 

Iodine,  determination  of,  in  carbon  com- 
ponnds,  28 
„      triacetate,  850 
Iodoform,  154 
Iridicyanides,  115 
Iron  salts  {tet  Ferric  and  Ferrous) 
„    cyaoidei,  loa 
Isoallylene,  218 
Isoamylmethyl,  140 
isoamylie  aldehyde,  750 
„        hydride,  139 
„       oxalate,  923 
leobntane,  138 
isobatylene,  138,  looi 
Isobutylcarbinol,  445 
leobotylic  carbamate,  880 

„       cyanoformate,  879 

„       oxalate,  923 
IsobntyliBoamyl,  141 
Iw)botyl-/3-isoamyl,  141 
Isobntylmethyl,  139 
Isobntyric  aldehyde,  749 
Isocholesterin,  497 
^  Isodiphenylbenzene,  385 
leoduldte,  or  isodulcitol,  555,  1007 
a-Isoheptane,  140 
o-Iaohexane,  14O 
/S-lsohexane,  140 
7-isohexane,  140 
Msohexane,  140 
laohydranisoin,  764 
IsohydrobensoYn,  535 
leohydropiperoXn,  765 
laologoae  series,  51 
Isoiperie  compouuds,  41 
Isomerism,    in8affideD<7    of   the    present 
theoiy  of,  983 

, ,      Tan  t'Hoff-Le  Bel  hypothesis,  983 
Iso-ordn,  532 
Isopeotane,  130 
Isophloretin,  ^99 
Isophloriiin,  699 
Isophorone,  600 
Isoprene,  220 

„      terpenefrom,  2^  ' 
Isopropaoetaldehyde,  750 
Isoprjpylaoetylene,  219 
Isopropylbensene,  286 
Isopropylcarbinol,  438 
Isopropyldimethylcarbinoly  454,  1005 
Isopropylethyleoe,  193,  450 
Isopropylethylmethylcarbinol,  562 
Isopropylic  bromide,  159 

„         chloride,  158 

,t         iodide,  160 


IsopmpylmethylcBzbinol,  450 
Isopnipnrin,  806 

^  dibrom-,  806 

IsostUbene,  567 
Isoterebenthene,  230 

„  dlhydrochloride,  230 

,,  monohydroehloride,  230 

Isotetraldehyde,  749 
Isonderic  aldehyde,  750 
„        cyanide,  853 
„        peroxide,  856 

Jalapiv,  696 
Jalapinol,  697 
Janiper,  oil  of,  239 

Kbkulx's  bensMie  symbol,  338 
Ketone  dibensyl-,  787 

„  di-dimethylamidophenjl->  786 

„  dimethyl-  (acetone),  778 

„  dinaphthyl-,  788 

„  diphenyl-,  786 

,^  diphenylene-,  789 

„  ethylbeniyl-,  785 

„  ethylphenyl-,  7^5 

„  ethylenediethyl-,  789 

„  isopropylbensyl-,  780 

„  isopropylphenyl-,  785 

„  methylbensyl-,  785 

„  methylcinnamyl-,  789 

„  methylnitrosoethyl-,  915 

„  methylnitroeoppopyl-,  915 

„  methylnonyl-,  783 

„  methylphenyl-  (aeetophenone),  785 

,,  methylphenethyl-,  785 

„  methyl-tertiaty-bntyl-,  785 

'      „  nitroflodimethyl,  915 

„  paraditolyl-,  787 

„  phenylbensyl-  (deoxybemolh),  787 

„  phenylcymyl-,  787 

„  phenyhiaphthyl-,  787 

„  phenylenediethyl-,  789 

„  propylphenyl-,  785 

„  tolylphenyl-,  786 
Ketones,  60,  770 

„       action  of  nitric  add  00,  loio 
„      aromatic,  785,  786 
„      of  the  acetic  series,  778,  783 
„       formation  of,  771,  1010 
„       properties  of,  774 
Klamene  (acetylene),  209 

Laotamisb,  891 
Lactates,  889 
Lactide,  890  * 
Lactin  (milk  sugar),  609 
Lactocaramel,  610 
Lacton  (milk  sugar),  609 

„      acetates,  585,  611 

„      inyersioD  of,  610 

„      metallic  derivatives  of,  610 

„      octacetate,  610 

„      redudng  powers  of,  611 
Lactose  (milk  sugar),  609,  1008 
Lactose  or  galactose,  585 
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a-Lactoae,  586,  1008 
/3-Lactofle,  586 
Lactylurea^  739 
Lfldvoglacose,  584 
LaBvuloean,  585 
LedvuloM,  584 

„        calcinm,  componnd  of,  584 
Laserol,  959  note 
Laaerpitin,  g5g  note 
Laurene,  1^ 
LaTender,  oil  of,  141 
Lead  salts  {see  Flambic) 

„     sugar  of,  827 
Lecanorin,  538 
Lee8,94« 

Lemons,  oil  of,  240 
Leucine,  870 
Leucogallol,  549 
Liebig^s  potash  bulbs,  16 
Light  naphtha,  253 

„         tt        constituents  of,  253 
Ligneoua  matter,  645 
Lignite,  destructire  distillation  of,  354 
Lignatrin,  or  ayringin,  703 
Linuemann'8  apparatus,  9 
Lime  salts  {aee  Calcic), 
Limited  oxidation,  79 
Lonioerin,  or  xjlostein,  704 

Maob,  oil  of,  240 

Magnesic  platinooyanide,  113 

„        trimethacetate,  833 
Magnetie  iron  oyanide,  105 
Mairogallol,  549 
Malates,  940 
Malonates,  925 

Maltose  or  starch  sugar,  613,  1008 
Manna,  536 

,,      trebala-,  613 
Mannite  or  manitol,  556,  585,  588,  655 

„       dibromhydrin,  557 

,,       dichlorhydrin,  557 

„       hexacetate,  557 

„       hexanitrate,  557 
Marignac's  oil,  1 70 
Marsh  gas  (methane),  133 

,,  series  lor  paraffins,  50 

„  or  methane  type,  70 

Melampyrite  (dnldtol),  558 
Melene,  199 

Meleziton  or  melesitose,  6x4 
Melin  (rutin),  700 
Melitose  or  eucalyptoee,  615 
Menhaden  oil  soap,  destructiye  distillation 

of,  257 
Menthene,  321 
Menthol,  343,  467 
Menyanthin,  697 
Menyanthol,  697 
Mercaptan,  or  thioaloobol,  661 
Mercaptans  or  thioaloohols,  54,  659 
Mercnrallylio  iodide,  307 
Mercuric  cyanide,  100 

„       fulminate,  124. 

„       oxycyanide^  10 1 


Mercuric  snlphocyanate,  120 
Medtol,  494 
Mesityl  oxide,  788 
Mesitylene,  287 

„  brorao-,  321 

,,         dichloro-,  319 

„  dinitro-,  326 

,,  monochloro-,  319 

„         nitro-,  326 

„         oxy-,  494 

,,         tribromo-,  321 

,,         tricbloro-  319 

„         trinitro-,  326 
Mesitylenes,  chloro-,  319 
Meta-,  meaning  of  prefix,  303,  note 
Metaoetone,  601,  788 
Metachloral,  743 
Metacresol,  491 
Metacrolein,  753 
Metaldehyde,  732 
Metaltio  salts,  58 

».     type,  63 

Metameric  compounds,  41 
Metarabin,  651 
Metethaldehyde,  733 
Methaldebyde,  723 
Methaldehydrol,  509 
Methane,  bromotrinitro-,  170 

chloronitro-,  170 

dibensyl-,  363 

dibromo-,  153 

dichloro-,  151 

dichlorocyanonitro-,  170 

dichlorodinitro-,  170 

dichloronitro-,  170 

diiodo-,  [54 

dimesityl,  363 

dinaphthyl-,  380 

diphenylene-,  365 

diphenyltolyl-,  386 

ditolyl-,  363 

haloid  derivatives  of,  151 

moniodo-,  154 

monobromo-,  153 

monochloro-,  151 

naphthylphenyl-,  383 

nitro-,  164 

phenylenediphenyl>,  387 

series  (paraffins),  50 

tetrabromo*,  154 

tetrachloro,  153 

tetraiodo-,  154 

tetranitro-,  1O9 

tetraphenyl-,  390 

tribromo-,  153 

tribromonitro-,  170 

triehloro-,  151,  1000 

trichloronitro-  (chloropierin),  170 

tricyano,  175 

triiodo-,  154 

trinitro-,  169-^ 
„       triphenyl-,  ^5 
MetJienylammonio  chloride,  94 
Methethacetaldehyde,  750 
Methylal,  680 
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Jfethylaliiftrin,  807 
MethjlanthraceDe,  383 

M  dibromo-,  38a 

MetnybuithraqainoDey  383,  807 
Methjlftted  spirit^  432 
Methylbenzene,  or  toluene,  283 
Methylcarbinol  (aloohol),  425 
ICethylchloraoetol,  158 
Metbyldiethylcarbmol,  454 
Methyldiethylethylene,  197 
Metbyldiphenyl,  369 
Methyl'/S-dipbenylethane,  363 
Methyldipropylbenaene,  297 
Methylenedimethyl  etber,  or  meUiylAl,  680 
Methylenio  bromide,  153 
,,         chloride,  151 
„         iodide,  154 
Metbylethyl,  or  propane,  138 
Metbylethylene,  190 
Metbylethyletbylene,  195 
Hethylic  acetate,  847 
acrylate,  957 
„        alcohol,  433 
„        aldehyde,  723 
„        bromide,  153 
,,         chloride,  151 
„        carbonate,  880      . 
„        citrate,  953 
,,        cyanoformate,  879 
„        famarate,  969 
„         hydrate,  433 
„        hydride  or  methane,  133 
„        iodide,  154 
„        maleate,  969 
„        oxalate,  923 
„        oxide  or  ether,  667 
„        eelenide,  713 
,,        ealphide,  708 
„        telliiride,  714 
Methylhexylcarbinol,  456 
Methylnapbthalene,  354 
Methybitrosoethylketone,  915 
Methylphenol  (creeol),  491 
Methylphenylcarbinol,  492 
Methyiphenylethylene,  342 
Meyer's  method  for  vapour  densities,  xooo 
MicroBoope,  nae  of,  4 
Milk  Bugar,  585,  1008 
Mineral  naphtha,  146 
Mixed  types,  71 
Molecnlar  formula,  36 

„  ,,       d^tingnished  from  em- 

pirical formula,  39,  40 
„  I,       relationfl  of,  to  vapour 

density,  38 
„      weight  defined,  38 
Molecule,  monatomic,  diatomic,  &c.,  44 
Molecules  distinguished  from  atoms,  42, 44 
Monaoetin,  676 
Monads,  42,  44 
Monatomic  molecule,  44 

„         radicle,  44 
MoDudichloraoeiic  chloride,  859 
Monochlorhydrin,  541 
MoDonitro-paraffins,  164 


Mucilage,  654 
Murrayetin,  697 
Murrayin,  697 
My  con,  or  myoose,  613 
Mycose  (trehalose),  613 
Myristicol,  240,  467 
Myrosin,  697 

Naphtha,  coal-tar,  247, 25a 

„  lightr,  253 

,,  mineral-,  146 
Naphthalene,  345 

„  acetylene-,  364 

„  benzyl-,  383 

„  chlorides  of,  351,  et  tej. 

„  constitution  of,  546 

„  dibromo-,  353 

,,  diehloride,  351 

„  dichloro-,  352,  498 

„  dicyano-,  354 

„  dinitro-,  354,  503 

„  dinitro- a-chloro-,  353 

„  enneachlomdi-,  353 

„  ethyl-,  353 

,,  homologues  of,  354 

„  isomeric  substitution   derin- 
tives  0^  348 

„  methyl-,  344 

„  moniodo-,  353 

„  monobromo-,  353 

„  monoohloro-,351, 35«,363, 498 

„  tetrachloride  of,  353 

„  monocyano-,  354 

„  mononitro-,  353 

„  pentabromo-,  353 

,,  pentachloro-,  350 

„  perohloro-,  353 

„  phenyl-,  383 

„  phcnylene-  (pyrene),  383 

„  series  of  hydrocarbons,  345 

,,  tetrabromo-,  353 

„  tetrachloride,  351,  562 

„  tetrachloro-,  353 

„  tetrahydride,  343 

„  tetranitro-,  354 

„  tribromo-,  353 

„  triohloro-,  354 
Naphthalenes,  bromo-,  353 

„  ohloro-,  35 1>  1004 

„  eynno-,  354 
nitro-,  353 
Naphthaqmnoi,  534 
Naphthaquinone,  799,  800 

„  dichloro-,  800 

„  dioxy,  799 

„    ,    •»     .         o^J^-»  799 
Naphthaxann,  799 

Naphtherythrol  554, 

Naphthol  derivatives,  constitution  of,  501 

Naphthols^  497 

amido-,  499 

diamido-,  500 

diimido-,  500 

dinitro-,  500 

nitro-,  499 
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Naphtholfl,  nittoflo-,  499 

„         oximido-,  500 
Naphthonitrilei  354 
Naphthylio  oyaoide,  354 
Naphthylphenjlmethaue,  383 
Naqaet's  rale,  47 
Naaoent  hydrogen,  action  ofj  75 
Nataloln,  808 
Neroli,  oil  of,  940 
Nickeloos  cyanide,  99 
Nitric  add,  action  ot;  82 
Nitrilea,  properties  of,  173 

,,      table  of,  179 
Nitro-deriTatiTes  of  the  hydrocarbons,  53 
Nitroform,  167 

Nitrogen,  analysis  of  carbon  compoonda 
for,  22 
, ,        Dumas*  method  of  determining, 

«5 
„        determination,     by     relative 
volnmes,  76 
„  „  method  of  Will 

ftnd  Varentrapp,  33 
Nitrolic  adds,  167 
Nitroparaffins,  reactions  of,  16 j 
„  haloid-,  169 

„  table  o^  164 

Nitropruasides,  110 
Nitroeodimethylketone,  915 
Nitrons  add,  action  0^  Sa^ 
Nonanes,  14I 
Nonene  (uonylene),  197 
Noaylacetylene,  aaa 
Nonylene,  197 
Natmeg,  oil  o(  340 

OoTAHi,  haloid  derivatives  of,  163 
„       moniodo-,  163 
,,       mouobrom*,  163 
„        monochlor-,  163 
„        normal,  14Q 
Octaneglycine,  870 
Octyleue,  1002 
Octyllc  bromide,  163 
„     chloride,  163 
,,     iodide,  163, 
OBnanthol,  751 
QSuantfayUdene,  an 
Oil,  bone,  258 
„  dead,  252 
„  Dippel's,  258,  1003 
„  fnsel,  445 
„  -gas,  191 
„  Marignac's,  170 
,,  of  turpentine,  225 

M  English,  234 

„  „  French,  326 

„  rock,  146 

Oils,  drying  and  non-drying,  962 
„    esseotial,  222  (see  Bssential  Oils) 
,,    fixed,  222 
,,    volatile,  332 
Oleates,  963 

defiant  gas  (ethylene),  183 
Olefiues,  177 


Olefines,  formation  of,  178 

„       haloid  derivatives  of,  199 
„       isomerism  of,  182 
,,        polymerization  of,  198 
„       properties  of,  180,  loox 
Oldns,  ^64 
Ononetin,  608 
Ononin,  608 
Onospin,  098 

Optiodly  active  sabstances  sp.   rotatory 
power  of,  569 
„        active   substances,   constitution 
of,  989 
Orange  peel,  oil  of,  340 
Orcin  or  ordnol,  527 

„     oonatitutiou  of,  530,  1006 
„     dibn>monitro-,  533 
„     haloid  derivatives  of,  531 
„     isomerides  of,  533 
„     mouiod-,  531 
„     monobrom-,  531 
„     nitnMlerivatives  of,  53 1 
„     pentabrom-,  531 
„    pentachlor-,  531 
„    tribrom-,  531 
„     trichlor-,  531 
„    triiod-,  531 
„     trinitro-,  533 
Ordnols,  519,  looiS 
Oreosolin,  959  note 
Organic  analysis,  principle  0^  i  r 

„         „        of  a  solid  not  containing 

nitrogen,  13 
,,     chemistry,  49 

„  „        distinction  from  inor- 

ganic, 1 
„     compounds,  nature  of,  i 
Organised  bodies,  3 
Organo-metallic  compounds,  63 
Oriho-,  meaning  of  prefix,  303,  note 
Orthobenzyltoluene,  363 
Orthocresol,  491 
Orthodiethyl benzene,  393 
Orthodimethylbenzeoe,  493 
Orthodiphenylbenzene,  385 
Oxalates,  932 
Oxaldines,  731 
Oxamide,  89 
OxidatiuD  limited,  73 
Oxidizing  agents,  73 

„        „         action  of,  71, 73 
Oxybenzene  (pheool,)  475 
Oxychrysazin,  807 
Oxyoymoquiuones,  799 
Oxymetaxyloquiuone,  798 
Oxypentadlin,  738 
Oxytetraldin,  738 
Oxytrialdiu,  737 


pALLADlOOTAiriDES,   II4 

Palladious  cyanide,  114 
Pamlitane,  [41 

Para-,  meaning  of  prefix,  303,  note 
Parabenzyitoluene,  362 
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F&raoresol,  491 

Paracyanogen,  89 

Paradibenzoylbenzene,  385 

Paradibenzylbenienes,  385 

Paradiethylbenzene,  393 

Paradiinethyldipbenyl  (paraditolyl),  361 

ParadipheDylbenzeoe,  385 

Paraditolyl,  361 

PaneBculetin,  687 

PamfSo,  141 

,,       beech  wood-,  143 

,,      decomposition  of,  by  heat,  144 

„      manafacture,  141 

ParafBiu,  50,  126 

,,         dateification  of,  131 

,,        constitation  of,  1 30 

, ,        cyano-deritatives  of,  171,176 

„  „  „  table  of,  17a 

,,        haloid  derivatives  of,  147,  162 

„  „      nitro-derivativea  oj^  169 

,,        homologoas,  table  of,  134 

„        isocyano-,  table  of,  173 

„        isomeric,  table  of,  134 

„        isomerism  of,  131 

„        modes  of  formation  of,  127 

„         oitro-derivatives  of,  164,  looi 

,,         perchlorination  of,  1000 

ParaglobulaTetin,  695 

Paraldehyde,  731 

„  ouuatitntion  of,  717 

Paramylon,  635 

Paranthracene,  377 

Parapropylmethylbenzene  (cymene),  989 

Fararabin,  651 

Parathioethaldebyde,  741 

Paratolylphenyl,  369 

Parethaldehyde,  731 

Paridiu,  698 

Paridol,  698 

Paristyphnin,  698 

Partial  sataration,  46,  47 

Patchonli,  oil  of,  297 

Paviin,  or  fraxin,  694 

Peat,  destrnctire  distillation  of,  357 

Pectinose,  589 

Pectoos  Bnbstancee,  654 

Pentads,  43 

Pentaldehyde,  normal,  750 
iso-,  750 

Pentane,  dibromo-,  193 
„        dichloro-,  162 
„        iso-,  139 
„        monochloro-,  i6a 
„        normal,  139 
„        tetrabromo^  330 

Pentaneglycines,  869 

Pentanes,  139 

„        haloid  derivatives  of,  162 

Pentene,  193 

Pentylene,  193 

Peppermint,  oil  of,  247 

Perissads,  47 

Perry,  433 

Persnlphocyanogen,  iso 

Petit  grain,  oil  of,  240 


Petrolenm,  Bangoon,  146 
,,        American,  146 
Pencedanin,  959  note 
Phaseomannite  (inosol),  560 
Phenaldols,  760 
Phenanthraqoinol,  537,  811 
Phenanthraqainone,  378,  811,  loii 
Phenanthrene,  377 

oonstitntion  of,  379,  1004 
dibromide,  379 
dibromo-,  379 
dinitro-,  379 
monobromo-,  379 
mononitro*,  370 
tetrahydro-,  3or 
tribromo-,  379 
Phenanthrenehydroquinone,  537 
Phenanthrimidoquinone,  811 
Pheoethaldehyde,  loio 
Phenol  (carbolic  acid),  475 

,,      amidodinitro-  (picramie  acid),  478 

„      amidosulpho-,  derivatives  of,  483 

„      benzyl-,  503 

„      derivatives,  oonstitntion  of,  485 

„      diamido-,  478 

,,      diamidonitro-,  478 

„      dichloro-,  480 

„      diiodo-,  481 

,,      dinitro-,  476 

„      dinitrometabromo-,  334 

„  ethyl-,  493 

„  haloid  nitro-derivatives  of,  481 
„  ,,     snlpho-derivatives  of,  483 

,,  metabromo-,  481 

,,  metachloro-,  480 

,,  metanitro-,  476 

,,  metiodo-,  481 

„  methyl-  (crosol),  491 

,,  nitro-derivatives  of,  476 

„  nitrow-,  477 

,,  nitrosulpho-derivativai  of,  483 

„  orthamido-,  478 

„  orthiodo,  481 

„  ortbobromo-,  481 

„  orthochloro-,  480 

„  ortiionitro-,  476 

„  paramido-,  477,  478 

,,  parabromo-,  481 

„  parachloro-,  480 

„  paraethyl-,  493 

„  pandodo-,  481 

„  paranitro-.  476,  478 

„  parapheny],  502 

„  pentachloro-,  480 

„  tetrabromo-,  481,  1005 

„  tribromo-,  481 

„  triiodo-,  481 

„  trinitro-  (picric  add),  476 
Phenols,  468,  1005 

„      amido-,  478 

„       bromo-,  481,  1005 

„       chloro>,  480 

,,       dihydric  (orcinols),  519 

„       iodo-,  481 

„      methods  of  preparing,  470^  1005 
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PhoDola,  nitro-,  476 
,,       properties  of,  473 
„      propyl-,  1006 
Phenoquinone,  446,  797,  1005,  '^lo 
Phenose,  559 

Phenyl,  355  (tee  Biphenyl) 
Pheoylaoetylene,  343 
Phenylbeozene,  355  {tee  Diphenyl) 
PheDylbutylene,  342,  343 
Phenylcarbamine,  328 
Phenylcarbinol,  490 
Phenylchloropropylene,  349 
Phenylcyanopropylene,  343 
Phenylethylene,  340  {tee  Giniiamene) 
Pbenylethylic  acetate,  494 
Phenylglycerol,  552 
Phenyliodopropylene,  343 
Phenylmercaptan,  662 
Phenylnaphtbalene,  383 
Phenylpropylcarbinol,  494 
Pheoylpropylene,  343 
Phenylenediphenylmethane,  387 
Phenylenenaphtbalene  or  pyrene,  383 
Pbenylenio  sulphidei,  713 
Pbenylic  acetate,  847 

„      bromide,  300 

,,      carbonate,  818 

„      chloride,  305 

„      cyanide,  337 

„      disnlphide,  713 

„      hydride  {tee  Beniene), 

„•      iodide,  311 

„      isocyanide,  338 

„      Buodnate,  938 

,,      aalphide,  711 

„       salphydrate,  663 
Pbillygenin,  698 
Philiyrin,  698 
Phloramine,  551 
Phlorei'n,  551 
Phloretin,  096 

„        nitro-,  699 
„        tetnbromo-,  699 
Phlorizin,  698 

Phloroglacin  or  phloroglaool,  550,  1007 
, ,  constitation  of,  5  5 1 

„  tribromo-,  551 

•    „  trinitro-,  551 

Phlorol,  493 

Phlorone  (xyioqninone),  798 
Phloroze'in,  698 
Phorone,  ^89 
Phoepbonio  acids,  57 
Pbosphorns,  determination  of,  in  carbon 

compounds,  26 
Phthalaldehyde,  770,  10 10 
Phycite  (erythrol),  553 
Phyiomelin  (rutin),  700 
Physiological  Chemistry,  3 
Picoline,  754 
Picroerytbrin,  518 
"Pieces"  (Bugar),  596 
Pinacolic  alcohol,  453 
Pinacolin,  783 
Pinacone,  517 


Plnipicrin,  699 
Pinite,  555 
Piperoniil,  765 
Pitch,  ooal  tar-,  353 
Platinicyanides,  114 
Platinocyanides,  113 
Plumbic  acetate,  837 

„      acrylate,  956 

„      cyanide,  99 

„      formates,  833,  834 

„      glycolate  or  hydroxyacetate,  883 
.     ,,      malate,  940 

,,      propionate,  838 

,,      sulphocyanate,  119 
Polarimeter,  Jellett-ComttV  573 
Polaristrobometer,  Wild's,  573 
Polarizing  apparatus,  569 

„     ^        „         Broch's,  587,  note 
Polyatomic  molecule,  44 
Polygalin  (saponin),  701 
Polymeric  compounds,  41 
Polymerization  of  ethylene,  190 
„  defines,  198 

Populin,  699 
Porter,  433 
Potash  bulbs,  16 
Potassic  acetates,  836 

„      angelate,  960 

„      argentic  cyanide,  100 

„      auricyanide,  103 

„      aurocyanide,  101 

, ,      chlorodioxyquinonesulphonate,  796 

,,       chromicyanide,  113 

,,      oobalticyanide,  ii3 

„      cobaltocyanide,  11 1 

„      cyanate,  117 

„      cyanide,  96 

„       cyanurate,  122 

,,      diohloroquinoldisulphonate,  796 

„       dimetha«rylate,  960 

„       dioxyquinonedisulphonate,  786 

„      jS-ethoxypropionate,  889 

„      euthiochronate,  796 

,,      ferricyanide,  105 

„       ferrocyanide,  102 

,,       ferrous  cyanide,  103  % 

„       iridicyanide,  115 

„      isocyanate,  118 

„      isosulphocyanate,  119 

„       manganicyauide,  112 

„      manganocyanide,  112 

„       mercuric  cyanide,  lOi 

,,      orthoformate,  824 

„      osmiocyanide,  113 

„      platinichloroeyanide,  114 

,,      platinicyanide,  114 

,,       platini-iodocyanide,  114 

,,       platinocyanide,  113 

,,       pyromeoonate,  999 

,,       quinoldisulphonate,  796 

,,      sulphocyanate,  118,  119 

„       tartrates,  944 

,,      tetroxybenzenedisulphonate,  796 

,,      thiocronate,  796 

I,      thiosuccinate,  938 


Digitized  by  VjOOQ IC 


POT 


103» 


QUK 


Fotassic  trichloroquiDoltnlphonate,  796 

,,      trimethaoetate,  833 
Frecipitatioii,  fractional^  0 
Proof  spirit,  437 
Propaldehyde,  747 
Fropaoa,  158 

„         bromiodo-,  161 
,,        bromonitro-,  r66 
,,        chloriodo-,  161 
,,        chlorobromiodo-,  161 
„        cfhK>rodibromo-,  160 
,,        cbloromoDobromo-  161 
,,        dibromo-,  159,  3o6,  fOOi 
y,        dibromodiobloro-,  104,  105 
„        dibromonitro-,  T67 
„        dichloriodo-.  161 
„        dichloro-,  158 
„        diaoyano',  175 
„         diiodo-y  f6i 
,,        dinitro-,  168,  r$9,  IMI 
„        bexacbloro-,  159 
„        iodochloTO-,  304 
,,        moniodo^,  160 
„        monobromo-y  159 
„        monoehloro-,  158 
„        pentaobloro-,  159 
,,        teirabrono,  160,  «f8 
,,        tetrachloro-,  159 
„        tribromo-,  160,  106 
„        triohloro-»  159,  405 
„        tricyano-,  175 
„        trinitro-,  169 
Propargylene,  w 
Propargyllo  bromide,  468 
„  chloride,  468 

„  iodide,  468 

Propene  (propylene),  190 
Fropheterin,  699 
Frophetin,  609 
Fropine  (allylene),  217 
Fropionitrile,  171 
Fropylaoetylene,  319 
Fropylbensene,  186 
Fropylcarbinol^  438 
Fropyldiethylcarbinol,  457 
Propyldimethylbensene,  196 
Fropyldimethylcarlnnol,  454 
Fropvlene,  190 

„        chlorobromo-,  906,  1003 

„        dibromo-,  206 

,^        dibromodiebloro-,  906 

„        dlchloro.,  304,  516,  753 

„        diiodo-,  308 

„        moniodo-,  307 

,,        monobromo-,  905 

„         monochloro-,  303 

„         a-pbenyl-,  343 

„        /5-phenyl-  (aliylbeniene),  343 

„        phenyldiloro-,  343 

„         phenylcyano-,  343 

„        phenyliodo-,  343 

„        polymeriiation  of,  191 

,,        tetrabromodiohloro*,  307 

,,        tribromodicbloro-,  307 

„        triiodo-,  308 


Fropylenie  bromide,  159 
„        chloride,  158 
u         <^wiidc,  175 
y,         iodide,  101 
„        oxide,  678,  1009 
Fmpyletbylcarbinol,  453 
Fropylethylene,  193 
Fropylethylmethylcarbinol,  563 
Fropylic  iJoohol  {$u  Alcohol,  propylic) 
„      bromide,  159 
„      carbamate,  880 
„      chloride,  158 
„      hydride,  or  propane^  138 
,y      iodide,  160 
,,      oxahite,  933 
Fropylidenio  bromide,  159 
„  chloride,  158 

propylmethylbensene,  389 
Fropylmethylcarbinol,  449,  1005 
Fropylmethylmetatrioxybeniene,  552 
Fropylpeendonitrol,  1 68 
Proximate  analyBie,  4 
Fnusiaik  blue,  107 

„        „    basic,  107 
„        „    commercial,  109 
„        „     eoloble,  108 
„         „     Tambnll's,  109,  1000 
„      green  (magnetic  cyanide),  105 
Prnssiate  of  potaah,  red,  105 

„  „  yellow,  102 

Fseudobntylio  hydride,  138 
Paeadocanlene,  388 

„  broroo-,  331 

„  nitro-,  326 

„  tribromo-,  331 

„  trinitio-,  336 

Faendocamenol,  1006 
Parporin,  805 

„        iso-,  806 
Pnrpnroxanthin,  804 

„  diacetyl-,  804 

„  dibromo-,  804 

„  dinitit)-,  804 

Fyrene,  383 

„      oonBtitntion  of,  384 
„      dibromo-,  dibromide  of,  384 
„       dinitro-,  385 
„      hexahydro-,  369 
„       mononitro-,  384 
„      tetranitro-,  385 
„      tribromo^  384 
Pyreneqninone,  384,  81  t 
Pyrocatechin,  or  catechol,  534 
Pyrogallol  (pyrogallic  add),  547,  1007 
„        conatitation  of,  552 
„        ether-«looho]8,  1009 
,,        tribromo-,  548 
Pyrocpdloqainone,  797 
^roxylic  spirit  (meUiylic  alcohol),  431 
Pyroxylin,  or  gnn  cotton,  649 

QUAHTITALIXOB,  43 

Quercite,  or  qnercitol,  554 
„         constitntion  of,  560 
„        pentacetate,  555 
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QiiiDliyclrone,  797,  loib 
QiiiDi2ariD,  or  chinizaiin,  376,  804 
Quinol,  or  hydroquinone,  515 

,f       constiintion  of,  813,  loii 

„       diacetjltetmchloro',  796 

„       diohlorodioxj-,  796 

„       dimethyl-,  533 

,,       ditiitro-,  689 

„       mcthylpropyl-,  533 

„       monomethylin,  684 

„       naphtha-,  534 
Qainone,  or  benxoquinone,  794  , 

„         dichloro-,  795 

„        dichlorodiozy-  (ohloranille  aoid), 
796 

„        haloid  derivatiTes  of,  795 

„        methyl-  (tolaqninoiie),  798 

„        methylpropyl-  (thymoqninone), 
798 

„        monoohloro-,  795 

„        oxydimethyl-,178 

„        pheno-,  797 

pyrogallo-,  797 

,,        tetrabromo-,  796 

„        tetrachloro-,  796 

,,        triehloro-,  796 
Qainonei,  793 
QainoTa  bitter,  <^ 

„        sugar,  699 
QninoYin,  699 

Radiclv,  64,  65 
Badicles,  compound,  64 

„        GerbardVs  theory  of,  65 

„        monad,  66 

,,        monatomic,  fta,  44 
Raffinoee,  603 
Beagents,  action  of,  on  carbon  oompowidB, 

7> 

Aeducing  agents,  75 

„  „       action  of,  75 

Beain  soap,  139 
Resins,  239 
Besorcinol,  or  resonrin,  531 

„        diaao-,  5^3 

„        diaitroso.,  513 

„        haloid  deriTatiTes  of,  $27 
iodo-,  5^3 

„        mouomethylin,  684 

,,        mononitro-,  523 

„        pentabromo-,  535 

„        peutaehloro-,  513 

„        tribromo-i  513 

„         triehloro-,  513 

,,        trinitro-,  533 
Besorqninone,  798 
Retene,  383 
Retistene,  383 
Rhamnegjin,  700 
Rhamnetin,  700 
Rhanmin,  700 
Rhamnogenin    700 
Rhinanthin,  700 
Rbodioyanides,  115 
Rhodouates  (thiocyanates),  118 


Robinin,  700 

„        sugar,  700 
Rochelle  salt,  944 
Bock  oil  (naphtha),  146 
Rosemary,  oil  of,  343 
Rosewood,  oil  of,  397 
Rosin,  336 
Rubian,  803 
Ruficoccin,  691 
Rum,  433 

Ruthenioeyanides,  113 
Rutin  (melin),  700 
Rntylene,  331 

Saoohakivs  gronp,  or  Saecharons,  592 
Saccharon,  or  cane  sugar,  593,  1008 
Sacchaions,  593 

„  artificial,  615 

Saccharose,  (cane  sugar),  593 
Safrol,  341 
Sago,  623 
Salicin,   701 

9,       bensoyl-,  or  populin,  699 

„      bromo-,  701 

„      chloro-,  701 

„      dichloro-,  701 

,,      perchloro-,  70  r 

,,      sodium-,  701 

,,      tetraoetyl-,  70  c 
Salicylic  aldehyde,  or  salioylol,  760 

„      aoeto-,  763 

„      bromo-,  761 

„      chloro-,  761 

„      methyl-,  76i 
Saligenin,  or  saligenol,  537 
„       bromo-,  701 
„       dichloro-,  537 
y,       monochloro-y  537 
Saligenols,  519 
Salts,  ethereal,  59 
„      haloid,  58 
„      metalUo,  58 
Sapogenin,  701 
Saponin,  701 
Saroolactide,  893 
Sassafras,  oil  of,  341 
Saturated  compounds,  50 

„     molecule,  44,  67,  nUe 
Saturation,  fractional,  7 
Savine,  oil  of,  339 
Scammonium,  696 
Sdgnette  salt,  944 
Selenaldine,  739 
Seoegin  (saponin),  701 
Separation  by  solyents^  4 
S^es,  heterologous,  63 

„      homologous,  50 

„      isologous,  51 
Sesquiterpenes  (CifH, J.  297,1004 
Silrer  aoetylide,  314,  315 

„    dicyanimide,  118 

„     salts  {tee  Argentic) 
Sinalbin,  703,  1009 
Sinapisine  sulphate,  703 
Soap,  Menhaden  oil,  357 


Digitized  by  VjOOQ IC 


80A 


1040 


8YB 


Soap,  reno-,  139 
SoealoKn,  808 
Sodio  acetates,  B26 

„     acrylate,  956 

M     oobaltioyanide,  114 

„     bydraorylate,  or  hydrozypropionate, 
886 

„     hjdroxybotyrates,  895 

„     lactates,  889 

„    mangaoocyanide,  113 

„     nitropnisside,  iii 

„     orthoformate,  834 

„     Urtrate,  944 

1,^    ziDcic  cyanide,  9p 
Sodiam  nitroethane,  1^5 
Solanicine,  701 
Solanidlne,  702 
Solanine,  703 
Solution,  fractional,  6 
Solvents,  use  of,  in  proximate  analysis,  4 
Sorbin,  or  sorbinose,  589 
Sorbite,  559 
Spearmint,  oil  of,  243 
Specific  rotatory  power,  571 
Spirit  of  wine  (etbylio  alcobol),  425 

„  „      methylat«d,  43a 

„  „      proof,  427 

Spints,  432 
Starcb,  616,  1008 

„    acetates,  624 

„     action  of  acids  on,  633 

,,        „         malt  extract  on,  625 

, ,     gelatinized,  623 

„     grains,  composition  of,  617 

;,         ,,    formation  of,  618 

,,     nitro-derivatives  of,  625 

„     -paste,  623 

„     potato-,  620 

,,     properties  of,  622 

„    rice-,  621 

„     soluble,  623 

„     sugar  (amylon),  6 1 3 

„     torrefied,  623 

„    wheat-,  621 
Stearopten  of  oils,  223  nott 
StUbene,  (toluylene^  366 
„         bromo-,  367 
„        dibromide,  36  c 
„        homologues  of,  368 
„        iso-,  367 
„        tribromo-,  367 
Stockholm  tar,  255 
Stout,  433 
Strontic  acetate,  826 
Struthin  (saponin),  701 
Styrol  (cinnamene),  340 
Styroleoe  (cinnamene),  340 
Suberone,  933 
Substitution  compounds,  78,  79 

,,  in  the  phenol  series,  489 

Succinates,  927 
8ucciuic  chloride,  927 
Sncrodextrose  (glucose),  577 
SucroliBTulose  (Iseyulose),  584 
Sucrose  (cane  sugar),  593 


Sugar,  action  of  acids  on,  600 
„  „         bases  on,  601 

„  „  heat  on,  597 

„      beetroot,  594 
,,      cane,  or  saccharon,  593,  1008 
„      'crushed,'  596 
„      diabetic,  583 

„      effect  of,  on  polarized  light,  597 
„      estimation  of,  605 
,,      fermentation  of,  604 
„      in  the  blood,  643 
„         „     urine,  583 
,,      inversion  of,  601 
„      -Ume,  598 
„      manufacture  of,  593 
,,      metallic  derivatives  of,  59S 
,,      milk-  or  lacton,  608,  1008 
„      x)f  lead,  827 
„   .  quinova-,  699 
,,      reducing  power  of,  605 
„      refining,  595 
„      robinin-,  700 
„      rotatory  power  of,  597 
„      separation  of  potash  salts  from,  596 
„      starch-,  or  amylon,  612,  1008 
Sulphine,  dibutyl-,  814 
„        diethyl-,  814 
„        diisobutyl-,  814 
„        diisoamyl-,  814 
„        dimethyl-,  814 
,,        ethylamyl-,  814 
,,        methylethyl-,  814 
„        paratolydi-,  814 
„        phenyldi-,  814 
Sulphines,  706,  814 
Sulphinic  acids,  57 
Sulpho-acids,  57 
Sulphobenzid,  815 

„  oxy-,  815* 

Sulphocarbonates,  880 
Sulphocyanates,  It8 
Sulphone,  dibutyl-,  815 

„         dichlorophenyl-,  815 

diethyl-,  8k 
„         dimethyl-,  815 
„         diphenyl-  or  sulphobenzid,  815 
ditolyl-,  815 
naphthyl-,  815 
, ,  paradioxypheny  1-,  815 

„  phenylnaphthyl-,  815 

Sulphones,  706,  814 
Sulphonic  acids,  57 

Sulphur,  determination  of^  in  carbon  com* 
pounds,  26 
,,        diethmethiodide,  710 
„        dimethyl,  oompoundso^  710 
,,        ethmethiodide,  710 
„        ethylmethylethy],  compounds  of, 

710 
,,        triethiodide,  710 
,,        trimethiodide,  709 
Synanthrose,  636,  1009 
Synthesis  of  carbon  compounds,  I 
Syriogenin,  702 
Syringln  (Ugustrin),  702 
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of  acetylene  series,  9o8 

Table  of  haloid  derivatives  of  the  paraffina, 
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monoohloro,  161 
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Tetranegiycine,  869 
Tetraphenol,  093 
Tetraphenyletbane,  .^90 
Tetraphenylethylene,  391 
Tetraphenylglycol,  786 
Tetraphenylmethaine^  390^  1004 
Tetraterebenthene,  339 

„  dihydrochloride,  330 

„  monohydrocUoride^  330 

Tettoxydiphenoquinone,  800 
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Thioglycerol,  663 
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Thionaphthols,  663 
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Thiothymol,  663 
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Thyme,  oil  of,  343 
Thymene,  342 
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Thymol,  343,  494 

„        dibromo-,  494 

„        dinitro-,  494 
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Thujigenin,  703 
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„        nititKhaloid,  derivatives  oi,  32^, 
1004 
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Tolsene,  orthobromo-,  510 

f,        ozthoohloro-,  313 

t,        orthonitro-,  344 

„        ortkopandiiutro-,  345 

„        parabromo^  330 

„        panwhloio-,  313 

„        panttiitaro-^  324 
Tolaenei,  bromo-,  319 

,,        chloro-,  311 

„         dibromo-,  310 

„         dlchloro-,  314 

„        dinitro-,  3^4 

„        heptaehloro-,  317 

,,        hexBchloro-,  317 

,,        monobromo-,  319 

„        monoohloro-y  313 

„        Bitro-,  3^4,  1004 

„        pentachloro-,  316 

„        tetrachloro-,  316 

„        tribromo-,  330 

,,        trichloro-,  314 

„  trinitro-,  325 
Tolnhydioqiiinone,  533 
Tolaqninone,  798 

„  tetrnobloro-,  708 

Toluylene,  366  {tee  Stilbene; 
Tolnyl  hydnte,  503 
Tolylcarbinol,  493 
Tolylphenyl,  pura-,  369 
Tolylphenyloarbinol,  503 

^rn»cl«»  594,  59^ 
Trebala  manna,  613 
Trebalofle  (myoose),  613 
Txiaoetonalkamine,  780 
Triaoetonamine-,  780 

I,  nitroso-,  780 

Triads,  4a,  45 
Triamylenic  dibromide,  221 
Triaiigenticoyanaiate^  122 
Triatomie  molecnle,  44 

„        ndide,  44 
Tribrometbaldehydrol,  514 
Tribromhydrin,  160 
Tribromobenienes,  301 
Tribromoreflorqoinone,  523 
Trichloraoetic  chloride,  859 
Triohlorethaldehydrd  (chloral  hydrate) 

Trichlorhydzin,  159 
Trichlorobataldehydrol,  516,  747 
Trichlorobutyric  aldehyde,  749 
Triohlorotetradehydro(  516,  749 
Triethylbensene,  296 
Triethylcarbinolf  455 
Triethylmethane,  140 
Trifenpos  ferricyanide,  109 
Tiihydroxetbyienamine,  677 
TriiBobntylene,  193 
Trimethylbensene,  187 
Trimethylcarbinol,  439 
Trimethylsihylene,  194 
Trimethyleihylmethane,  140 
Trimethylmetbane,  138 
Trioxymetaxylene,  553 
Triozynaphthalene,  552 


Triphenylbeiiseney  390 

„  nonobromo-,  390 

„  trinitro-,  390 

TriphenyksBrbinol,  385,  504 
Triphenylchloromethane,  385 
Triphenyhnethane,  385,  1004 
Turpentine,  collection  of,  415 
larch,  139 

oil  of;  Bugliih,  27Sf  334 
„     French,  325,  22b 
Straebnrg,  339 
Venice,  339 
Tnrpethin,  704 
Type,  ammonia,  69 

hydrochloric  acid,  69 
hydrogen,  68 
marsh  gas,  70 
metallic,  68 
water,  69 
Types,  chemical  theory  of,  67 

„      mixed,  71 
Typical  hydrogen,  71 
Tyrosine,  869 

ULTiMAra  analysis,  4,  1 1 
Unsaturated  compounds,  50 
Urethane  (ethylio  carbamate),  879 

YAunroT,  change  of,  47 

^aleral  or  Taleralddtyde,  750 

Valerylenes,  319,  looa 

Yalylene,  223 

„      dibromo-,  ^24 

Vanillin,  685,  692,  764 

Vapour  density,  Hofimann's  method  finr, 
36,  1000 
.,  „        Meyer*s  method,  1000 

Yarrentrapp  and  Will's  method  for  deter- 
mining nitrogen  33 

Vegetable  mucUage,  654 
„      parchment,  650 

Veratrol,  683 

Vinegar  making,  834 

Vinylic  alcohol,  313 
,,       bromide,  30f 
„       chloride,  3oo 
„       iodide,  303 

Volatile  oils,  333  , 

Vulcanite  or  ebonite,  344 

Waifa  or  Chinese  yellow,  700 
Warren*s  still,  8 
Water  oTon,  1 1 

„     type,  69 
Waters,  dist'dled-,  339 
Whisky,  433 
Wine,  spirit  of  (alcohol),  435 

,,     varieties  of,  433 
Wines,  433 

„      strength  of,  434 
Wood,  destructive  distillation  of,  354 

„     spirit  (methylic  alcohol),  433 

M     tar,  354 

XahthooalloIi,  548 
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Xanthorhamnin,  700 

Xenols  or  xylenoU,  491,  1005 

Xyloidin,  635 

XyleDO,  285 

Xylene,  bensylmeta-,  363 
benzylparar,  363 
bromometa-,  311 
dichloro-,  319 
dinitrometa-y  335 
glycol,  533 
meta-,  185 
metatrlozy-,  798 
monochloro-,  319 
ortho-,  285 
para-,  285 
tetrabromo-,  331 
trichloro-,  3r9 
triDitrometa-,  326 
trinitropara-,  325 

Xylenes,  bromo-,  321 


Xylenes,  chloro-,  318 

„       constitution  of,  321 

„        nitro-,  325 

„        separation  of,  1003 
Xylehola  or  zenols,  492,  1005 
Xyloquinone  (phlorone),  798 
Xyloste'in,  or  lonioeiin,  704 

Yellow,  CShinese-,  700 

Zaraloih,  808 
Zincic  batyrate,  830 

„     cyanide,  99 

„    dimethethacetate,  834 

„     bydracrylate  or  hydroxypropionate, 
887 

„*  hydrozybutyrate,  895 

,,     isobutyrate,  830 

„     lactate,  889 

„    trimethaoetate,  833 


END    OF    SECTION    I. 
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